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‘Remember to look up at the stars and not down at your feet’

Stephen Hawking




Introduction

Throughout my life, I had the extraordinary privilege of spending time with, talking to, and asking questions of some of the world’s greatest and most innovative scientists who were the friends and colleagues of my father, Stephen. My father was an amazing scientist who realized how important it was to talk about the work he did in ways that people could understand. He thought that everyone had the right to know what scientists did and what it meant. So, to me, it seemed entirely normal to be a schoolgirl who asked questions – and got answers. Sometimes the answers were baffling or thoughtprovoking or even made me angry. But I got answers from people who knew what they were talking about. And listening to them or asking yet more questions made me feel as though I could reach out and touch the magnificence of the Universe.

When I grew up, I realized how unusual it was to have had this opportunity. If I’ve tried to do one thing with my work, it is to share the great piece of luck I had in life to have access to these fascinating, original, creative, brilliant and hilarious people by putting them into the books. Starting with my father’s amazing essay in our first book together, George’s Secret Key to the Universe, the whole George series is enriched and illuminated by the voices of these diverse and fabulous scientists and experts, writing about their research and their lives’ work for young readers.

Of course, thanks to the internet, we now have lots of information that is more available and much easier to access than when I was a child. But what does it all mean? And how do you know that what you read on the internet is true? My father and I realized, as we wrote together, that we could turn information into knowledge with the help of our ‘family’ of experts and scientists.

Unlocking the Universe brings all the wonderful essays and facts we had collected together into one book – and includes some amazing new content as well, on topics I’ve always wanted to explore, such as genetics, the multiverse and a new essay on black holes. Our newest writers also tackle the ethics of AI and the problem of science denial – and our youngest ever contributor takes on climate change and how it feels to be a teenager in a global-warming world.

We also have the huge privilege of including an essay from Dr Mary Dobson who writes for us about pandemics, plagues and planetary health. This is a fascinating and insightful piece of writing, which she has updated for us to include: cutting-edge information about our shared recent experience of COVID-19; what we can expect from science in the future if we face the challenges of a worldwide sweep of infection again; and how you could hold the key to understanding how to combat another pandemic.

It seems such a long time since my father and I first had the idea to write about what would happen to a boy if he fell into a black hole. That first book we wrote together was inspired by a question put to my father at a birthday party. That question sent us on a mission to write a book to answer it – and now, here at our seventh and final book, I think we can honestly say that if you ask a question, you never know what might happen as a result. In George’s Secret Key to the Universe, scientist and Annie’s dad Eric is writing a book for kids called ‘A User’s Guide to the Universe’. And that’s what this book is.

It’s a pleasure and a privilege to embark on this journey with you. If you’re a reader of ours already, thank you! And if you’re not – jump on board the spaceship and prepare for lift off! Good luck on all your cosmic adventures and remember: don’t fly too close to a black hole …

Lucy Hawking
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The Creation of the Universe

Professor STEPHEN HAWKING
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There are many different stories about how the world started off. For example, according to the Bushongo people of central Africa, in the beginning 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 dried up some of the water, leaving land. Still in pain, Bumba vomited up the Moon, the stars and then some animals – the leopard, the crocodile, the turtle and finally man.

Other peoples have other stories. They were early attempts to answer the Big Questions:


• Why are we here?

• Where did we come from?


The first scientific evidence to answer these questions was discovered about a century ago. It was found that other galaxies are moving away from us. The Universe is expanding; galaxies are getting further apart. This means that galaxies were closer together in the past. Nearly 14 billion years ago, the Universe would have been in a very hot and dense state. The moment it started to move apart is called the Big Bang.

The Universe started off with the Big Bang expanding faster and faster. This is called inflation, which also describes the way in which prices in the shops can go up and up. Inflation in the early Universe was much more rapid than inflation in prices: we think inflation is high if prices double in a year, but the Universe doubled in size many times in a tiny fraction of a second.

Inflation made the Universe very large and very smooth and flat. But it wasn’t completely smooth: there were tiny variations in the Universe from place to place. These variations caused minute differences in the temperature of the early Universe, which we can see in what is known as the cosmic microwave background. The variations mean that some regions will be expanding slightly slower. The slower regions will eventually stop expanding and collapse to form galaxies and stars. We owe our existence to these variations. If the early Universe had been completely smooth, there would be no galaxies or stars and so life couldn’t have developed.


The Big Bang

The Big Bang is a theory – an idea or a group of ideas – about how the Universe began. Scientists look for evidence to show that their ideas are correct. Most scientists accept the Big Bang theory.
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A Voyage Across the Universe

Professor BERNARD CARR

School of Physics and Astronomy,
Queen Mary University of London
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Before setting out we must understand what we mean by the terms ‘voyage’ and ‘Universe’. The word ‘Universe’ literally means everything that exists. However, the history of astronomy might be regarded as a sequence of steps, and at each step the Universe has appeared to get bigger. So what we mean by ‘everything’ has changed over time.

Nowadays most cosmologists accept the Big Bang theory – according to which the Universe started in a state of great compression around 14 billion years ago. This means that the furthest we can see is the distance that light has travelled since the Big Bang. This defines the size of the observable Universe.

So what is meant by a ‘voyage’? First we must distinguish between peering across the Universe and travelling across it. Peering is what astronomers do and, as we will see, involves looking back in time. Travelling is what astronauts do and involves crossing space. Travelling can also involve another kind of voyage. For as we travel from the Earth to the edge of the observable Universe, we are essentially retracing the history of human thought about the scale of the Universe. We will now discuss these three journeys in turn.

The voyage back through time

The information astronomers receive comes from electromagnetic waves that travel at the speed of light (300,000 km/186,000 miles per second). This is very fast but it is finite and astronomers often measure distance by the equivalent light travel time. Light takes several minutes to reach us from the Sun, for instance, but years from the nearest star, millions of years from the nearest big galaxy (Andromeda) and many billions of years from the most distant galaxies.

This means that as one peers across greater distances, one is also looking further into the past. For example, if we observe a galaxy 10 million light years away, we are seeing it as it was 10 million years ago. A voyage across the Universe in this sense is therefore not only a journey through space; it is also a journey back through time – right back to the Big Bang itself.

We cannot actually observe all the way back to the Big Bang. The early Universe was so hot that it formed a fog of particles that we cannot see through. As the Universe expanded, it cooled and about 380,000 years after the Big Bang the fog lifted. However, we can still use our theories to speculate about what the Universe was like before then. Since the density and temperature increase as we go back in time, our speculation depends on our theories in an area called high energy physics, but we now have a fairly complete picture of the history of the Universe.

One might expect that our voyage back through time would end at the Big Bang. However, scientists are now trying to understand the physics of creation itself, and any mechanism that can produce our Universe could in principle generate others. For example, some people believe the Universe undergoes cycles of expansion and collapse, giving us universes strung out in time. Others think that our Universe is just one of many ‘bubbles’ spread out in space. These are variants of what is called the ‘multiverse’ proposal.

The voyage across space

Travelling across the Universe physically is much more challenging because of the time it would take. The physicist Albert Einstein proposed two important theories about space and time. In his special theory of relativity (1905) he suggests that no spaceship could travel faster than the speed of light. This means it would take at least 100,000 years to cross the Galaxy and 10 billion years to cross the Universe – at least as judged by someone who stays on Earth. But special relativity also predicts that time flows more slowly for moving observers, so the trip could be much quicker for the astronauts themselves. Indeed, if one could travel at the speed of light, no time at all would pass!

No spaceship can travel as fast as light, but one could still gradually accelerate towards this maximum speed; the time experienced would then be much shorter than that on Earth. For example, if one were propelled with the acceleration with which bodies fall due to gravity on Earth, a journey across our Milky Way Galaxy would only seem to take about 30 years. One could therefore return to Earth in one’s own lifetime, although one’s friends would have died long ago. If one continued to accelerate beyond the Galaxy for a century, one could, in principle, travel to the edge of the currently observable Universe!

Einstein’s other theory, the general theory of relativity (1915) could allow even more exotic possibilities. For example, maybe astronauts could one day use wormholes or space warp effects – just like in Star Trek and other popular science fiction series – to make these journeys even faster and get home again without losing any friends. But this is all very speculative.
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The voyage through the history of human thought about the Universe

To the ancient Greeks, the Earth was the centre of the Universe, with the planets, the Sun and the stars being relatively close. This geocentric view (geos = Earth) was demolished in the sixteenth century, when Copernicus showed that the Earth and other planets move round the Sun (helios). However, this heliocentric picture did not last very long. Several decades later, Galileo used his newly invented telescope to show that the Milky Way – then known only as a band of light in the sky – consists of numerous stars like the Sun. This discovery not only diminished the status of the Sun, it also vastly increased the size of the known Universe.

By the eighteenth century it was accepted that the Milky Way is a disc of stars (the Galaxy) held together by gravity. However, most astronomers still assumed that the Milky Way comprised the whole Universe and this galactocentric view persisted well into the twentieth century. Then, in 1924, Edwin Hubble measured the distance to our nearest neighbouring big galaxy (Andromeda) and showed that it had to be well outside the Milky Way. Another shift in the size of the Universe!

Within a few more years Hubble had obtained data on several dozen nearby galaxies. His data showed that the galaxies are all moving away from us at a speed that is proportional to their distances from us. The easiest way to picture this is to think of space itself as expanding, just like the surface of an inflating balloon on to which the galaxies are painted. This expansion is known as Hubble’s Law, and it has now been shown to apply up to distances of tens of billions of light years, a region containing hundreds of billions of galaxies. Yet another huge shift of scale!

The cosmocentric (cosmos = universe) view regards this as the final shift in the size of the Universe. This is because the cosmic expansion means that, as one goes back in time, the galaxies get closer together and eventually merge. Before that, the density just continues to increase – back to the Big Bang 14 billion years ago – and we can never see beyond the distance travelled by light since then. However, recently there has been an interesting observational development. Although one expects the expansion of the Universe to slow down because of gravity, current observations suggest that it is actually accelerating. Theories to explain this suggest that our observable Universe could be a part of a much larger ‘bubble’. And this bubble could itself be just one of many bubbles!

What next?

So the endpoint of all three of our journeys – the first back through time, the second across space, and the third retracing the history of human thought – is the same: those unobservable universes which can only be glimpsed through theories and visited in our minds!


Albert Einstein
(1879–1955)

Albert Einstein, a physicist and mathematician, was born in Germany, but his family then moved to Italy, then to Switzerland. He showed an interest in science from an early age – at 5 he was fascinated by a compass, and the way the needle kept pointing in the same direction. At the age of 12, he taught himself algebra and geometry.

In 1905, when he was 26, he published three papers about science. One of them, ‘On the Electrodynamics of Moving Bodies’, is better known as ‘the special theory of relativity’. Ten years later, in 1915, he produced his ‘general theory of relativity’.

Einstein was Jewish, and in December 1932, a month before Adolf Hitler became Chancellor of Germany, Einstein gave up his German citizenship. He moved to the USA, where he lived for the rest of his life. He was a pacifist, and he was opposed to the atom bomb. He wanted peace among all nations and a world government.

Albert Einstein was awarded the Nobel Prize in Physics in 1921. He is considered by many as the greatest mathematical physicist of all time.



Einstein’s Theories

The Theory of Special Relativity

Everything in the Universe is moving. Relativity describes the links between space, time and movement. In his theory of special relativity, Einstein proposed that the speed of light in a vacuum will be the same for any observer, however much the source of light may be moving. Also, the laws of physics are the same for all observers if they are in uniform motion relative to one another. This theory produces some interesting results, including the facts that energy and mass are interchangeable and that nothing can travel faster than light. From this theory comes Einstein’s famous theorem:

E = mc2

The Theory of General Relativity

This is about gravity. Einstein argued that matter in space distorts the space around it – it curves it. The curving is what we think of as gravity, but the sort of geometry we normally use only works on things that are flat, so can’t be used to describe curved space. General relativity describes how gravity affects time as well as space.





Uniformity in Space

In order to apply general relativity to the Universe as a whole, we usually make some assumptions:



	Every location in space should behave in the same way (homogeneity).

	 Every direction in space should look the same (isotropy).




This leads to a picture of the Universe which:



	is uniform in space

	starts with a Big Bang

	and then expands equally everywhere.




This picture is strongly supported by astronomical observations – what we can see in space through telescopes on the ground and in space.

Yet the Universe can’t be exactly uniform in space, because this would mean that structures like galaxies, stars, solar systems, planets and people couldn’t exist. A pattern of tiny ripples over the uniformity is needed to explain how the first patches of gas and dark matter could begin to collapse, so that the laws of physics could go on to create stars and planets.


Find out more about dark matter on pages 20 and 191.


Because the gas and dark matter start out nearly uniform, and because we believe the same laws of physics apply everywhere, we expect that all galaxies form in a similar way. So distant galaxies should have similar types of stars, planets, asteroids and comets to those that we can see in our own Milky Way.

Where the initial tiny ripples came from is not yet completely understood. The best theory at the moment is that they came from microscopic quantum jitters that were magnified by a very rapid early expansion phase – called inflation – which took place during a very tiny fraction of the first second after the Big Bang.
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[image: Edwin Hubble (1889–1953)]
Edwin Hubble was an American astronomer. At school, he was a star athlete and had good grades in all subjects except spelling. As an astronomer he worked in California, at the Mount Wilson Observatory. In 1923, using the enormous 2.5m (100-inch) Hooker Telescope, he gazed at the Andromeda Nebula. He found a special kind of star called a Cepheid variable star that allowed him to work out that the Andromeda Nebula was 900,000 light years from Earth. It could not possibly be in our Milky Way Galaxy because our Galaxy’s radius is 52,850 light years – meaning the Andromeda Nebula was actually the Andromeda Galaxy. This was the first time another galaxy had been found and suggested the Universe was composed of many more, some of which Hubble later found. He also worked out a way of classifying galaxies by their shape, and that the further away a galaxy was from the Solar System, the faster it would be travelling.

It’s since been calculated that Andromeda is 2.5 million light years away, but nevertheless what Hubble discovered was groundbreaking and proved that Andromeda was outside our Galaxy.
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The Theory of Everything

Throughout history, people have looked around and tried to understand the amazing things they saw, asking:


• What are these objects?

• Why do they move and change like that?

• Were they always there?

• What do they tell us about why we’re here?


Only in the last few centuries have we started to find scientific answers.

[image: Classical Theory]
In 1687 Isaac Newton, the great English mathematician and physicist, published his Laws of Motion, describing how forces change the way objects move, and the Law of Universal Gravitation, which says that every object in the Universe attracts every other object with a force – gravity – which is why we are stuck to the Earth’s surface, why the Earth orbits the Sun, and how planets and stars were created. On the scale of planets, stars and galaxies, gravity is the architect controlling the grand structure of the Universe. Newton’s laws are still good enough to place satellites in orbit and send spacecraft to other planets. But more modern theories, including Einstein’s theories of relativity, are needed when objects are very fast, or very massive, and yet another theory is needed to explain the behaviour of very tiny things such as atoms and particles.


The Laws of Motion


	Every particle remains at rest, or in motion along a straight line with constant velocity, unless acted on by an external force.

	The rate of change of momentum of a particle is equal in magnitude to the external force, and in the same direction as the force.

	If a particle exerts a force on a second particle, then the second particle exerts an equal but opposite force on the first particle.





The Law of Universal Gravitation

Every particle in the Universe attracts every other particle with a force, pointing along the line between the particles, which is directly proportional to the product of their masses and inversely proportional to the square of the distance between them.
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Sir Isaac Newton
(1642–1727)

Isaac Newton was an English mathematician and physicist. His father died when he was a child and he was brought up by his grandmother. When he was at school he enjoyed making sundials and water clocks. There is a famous story that he saw an apple fall off a tree in an orchard at home and he was inspired to work out the laws of gravity. He had certainly worked out almost all of the universal laws of gravitation by the time he was 23.

Newton also found that white light could be split into colours using a prism. He invented a new kind of telescope. Although he was well known among the scientists and mathematicians of his day, he did not publish his work until quite late in his life. He was twice MP for Cambridge University, and he was knighted in 1705.
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Quantum Theory

Classical theories are fine for big things, like galaxies, cars or even bacteria. But they can’t explain how atoms work – in fact, they say atoms can’t exist! In the early twentieth century, physicists realized they needed to develop a completely new theory to account for the properties of very small things like atoms or parts of atoms, such as electrons. This is quantum theory. The version that sums up our current knowledge of fundamental particles and forces is known as the Standard Model. It has quarks and leptons (the component particles of matter), force particles (the gluon, photon, W and Z), and the Higgs boson (which is needed to explain part of the masses of the other particles). Many scientists think this is too complicated, and would like a simpler model.

Also, where is the dark matter astronomers have discovered? And what about gravity? The force particle for gravity is called the graviton, but adding it to the Standard Model is difficult because gravity is very different – it changes the shape of space–time.

A theory explaining all the forces and all the particles – a Theory of Everything – might look very different to anything we have seen before, because it would need to explain space–time as well as gravity. But if it exists, it should explain the physical workings of the whole Universe, including the heart of black holes, the Big Bang and the far future of the cosmos. Finding it would be a spectacular achievement.


Dark Matter

Dark matter is an idea. The Universe behaves in a way that cannot be explained by the amount of material we can see. A galaxy would have to be about ten times bigger than the galaxy we can see to explain its behaviour. Scientists don’t know what else might be present – they can’t see anything – so they call the missing part dark matter. It could be particles, or very small dim stars, or black holes – some scientists think dark matter could be hot, and some think it could be cold. Discussions – and research – continue.



Max Planck
(1858–1947)

Max Planck was a German mathematical physicist. He could have been a musician – he was a good singer, and he played the piano, organ and cello well – but he decided to be a scientist instead. He was interested in thermodynamics – how objects take in, or absorb, heat energy, and give it out, or emit it. In his quantum theory, which came out in 1900, Planck proposed that energy was absorbed or emitted in small bursts, called quanta. In 1905, Planck’s work led Albert Einstein to independently produce a similar theory about light. Max Planck won the Nobel Prize in Physics in 1918.





The Big Bang

Imagine that you are sitting inside the Universe at this very early time (obviously, you couldn’t sit outside it). You would have to be very tough because the temperatures and pressures inside this Big Bang soup are so tremendously high. Back then, all the matter that we see around us today was squeezed into a region much smaller than an atom.

It’s a tiny fraction of a second after the Big Bang, and everything looks much the same in all directions. There is no fireball racing outwards; instead, there is a hot blob of material, filling all of space.


What is this material? We aren’t certain – it may be particles of a type we don’t see today; it may even be little loops of ‘string’; but it will definitely be ‘exotic’ stuff that we couldn’t expect to see now, even in our largest particle accelerators.



Find out about particle accelerators on page 91.


When the Big Bang occurs, this blob of very hot exotic matter is expanding as the space it fills grows bigger – matter in all directions is streaming away from you, and the blob is becoming less dense. The further away the matter is, the more space is expanding between you and it, so the faster the matter moves away.


The furthest material is actually moving away from you faster than the speed of light!


A lot of complicated changes now happen very fast – all in the first second after the Big Bang. The expansion of the tiny Universe allows the hot exotic fluid to cool. This causes sudden changes, like when water changes as it cools to form ice.

The early Universe is still much smaller than an atom. One of the changes in the fluid causes a stupendous increase in the speed of expansion (inflation). The size of the Universe doubles, then doubles again, and again, and so on until it has doubled in size around 90 times, increasing from subatomic to human scale. Like pulling a bedspread straight, this enormous stretching flattens out any big bumps in the material so that the Universe we eventually see will be very smooth and almost the same in all directions.
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On the other hand, microscopic ripples in the fluid are also stretched and made much bigger, and these will trigger the formation of stars and galaxies later.

Inflation ends abruptly and releases a large amount of energy, which creates a wash of new particles. The exotic matter has disappeared and been replaced by more familiar particles – including quarks (the building blocks of protons and neutrons, although it is still too hot for these to form), antiquarks, gluons (which fly between both quarks and antiquarks), photons (the particles light is made of), electrons and other particles well known to physicists. There may also be particles of dark matter, but although it seems these have to appear, we don’t yet understand what they are.


Where did the exotic matter go? Some of it was hurled away from us during inflation, to regions of the Universe we may never see; some of it decayed into less exotic particles as the temperature fell. The material all around us is much less hot and dense than it was, though still much hotter and denser than anywhere today (including inside stars). The Universe is filled with a hot, luminous fog (known as plasma) made mainly from quarks, antiquarks and gluons.


Expansion continues (at a much slower rate than during inflation), and eventually the temperature falls enough for the quarks and antiquarks to bind together in groups of two or three, forming protons, neutrons and other particles, including a type known as hadrons. Still little can be seen through the luminous foggy plasma as the Universe reaches one second old.


When two particles with different numbers of electrons start reacting to each other, something called an ionic bond is formed, and the particle becomes charged – either positively or negatively.


Over the next few seconds, there are fireworks as most of the matter and antimatter produced so far annihilate each other, producing floods of new photons. The fog is now mainly protons, neutrons, electrons, dark matter and (most of all) photons, but the charged protons and electrons stop the photons travelling very far, so visibility in this expanding and cooling fog is still very poor.


Antimatter

In antimatter, particles are the same as those that make up ordinary matter, but everything about them, including their electric charge, is reversed. If ordinary matter and antimatter meet, they destroy each other.


[image: ]HYDROGEN ATOM

When the Universe is a few minutes old, the surviving protons and the neutrons combine to form atomic nuclei, mainly of what will become hydrogen and helium. These are still charged, so the fog remains impossible to see through. At this point, the foggy material is not unlike what you would find inside a star today, but of course it fills the whole Universe.

After the frantic action of the first few minutes of existence, the Universe stays much the same for the next few hundred thousand years, continuing to expand and cool down, the hot fog becoming steadily thinner, dimmer and redder as the wavelengths of light are stretched by the expansion of space.

Then, after 380,000 years, when the part of the Universe that we will eventually see from Earth has grown to be millions of light years across, the fog finally clears – electrons are captured by the hydrogen and helium nuclei to form whole atoms. Because the electric charges of the electrons and nuclei cancel each other out, the complete atoms are not charged, so the photons can now travel uninterrupted – the Universe has become transparent.

After this long wait in the fog, what do you see? Only a fading red glow in all directions, which becomes redder and dimmer as the expansion of space continues to stretch the wavelengths of the photons. Finally, the light ceases to be visible at all and there is only darkness everywhere – we have entered the Cosmic Dark Ages.

The photons from that last glow have been travelling through the Universe ever since, steadily becoming even redder – today they can be detected as what is called cosmic microwave background (CMB) radiation, and they are still arriving on Earth from every direction in the sky.

The Universe’s Dark Ages last for a few hundred million years, during which time there is literally nothing to see. The Universe is still filled with matter, but almost all of it is dark matter, and the rest is hydrogen and helium gas, and none of this produces any new light. In the darkness, however, there are quiet changes.

The microscopic ripples, which were magnified by inflation, have meant that some regions contain slightly more mass than average. This increases the pull of gravity towards those regions, bringing even more mass in, and the dark matter, hydrogen gas and helium gas already there are pulled closer together. Slowly, over millions of years, dense patches of dark matter and gas gather as a result of this increased gravity, growing gradually by pulling in more matter, and more rapidly by colliding and merging with other patches. As the gas falls into these patches, the atoms speed up and become hotter. Every now and then, the gas becomes hot enough to stop collapsing, unless it can cool down by emitting photons, or is compressed by collision with another cloud of matter.

If the gas cloud collapses enough, it breaks into spherical blobs so dense that the heat inside can no longer get out – finally, a point is reached when hydrogen nuclei in the cores of the blobs are so hot and squashed together that they start to fuse (meaning that they merge) into nuclei of helium and release nuclear energy. You are sitting inside one of these collapsing patches of dark matter and gas (because this is where the Earth’s Galaxy will be one day), and you may be surprised when the darkness around you is broken by the first of these nearby blobs bursting into bright light – these are the first stars to be born, and the Dark Ages are over.

The first stars burn their hydrogen quickly, and in their final stages they fuse together whatever nuclei they can find to create heavier atoms than helium: carbon, nitrogen, oxygen and the other heavier types of atom which are all around us (and in us) today. These atoms are scattered like ashes back into the nearby gas clouds in great explosions and get swept up in the creation of the next generation of stars. The process continues – new stars form from the accumulating gas and ash, die and create more ash. As younger stars are created, the familiar spiral shape of our Galaxy – the Milky Way – takes form. The same thing is happening in similar patches of dark matter and gas peppered across the visible Universe.


The Sun


Nine billion years have passed since the Big Bang, and now a young star surrounded by planets, built from hydrogen and helium gas and the ash from dead stars, takes shape and ignites.
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In another 4.5 billion years the third planet out from this star could still be the only place in the known Universe where human beings can comfortably exist. They – you – will see stars, clouds of gas and dust, galaxies and cosmic microwave background radiation everywhere in the sky – but not the dark matter, which is most of what lies there. Neither will you be able to see anything of those parts that are so distant that even the CMB photons from there have yet to arrive. Indeed there may be parts of the Universe from which light will never reach our planet at all.




The Expansion of the Universe

The astronomer Edwin Hubble used the 2.5m (100-inch) telescope on Mount Wilson, California, to study the night sky. He found that some of the nebulae – fuzzy, luminous specks in the night sky – are in fact galaxies, like our Milky Way (although the galaxies could be of widely varying sizes), each containing billions and billions of stars. And he discovered a remarkable fact: other galaxies appear to be moving away from us, and the further they are from us, the faster their apparent speed. Suddenly humanity’s Universe became much, much larger.

The Universe is still expanding: distances between galaxies are increasing with time. Think again of the Universe as the surface of a balloon on which one has painted blobs to represent galaxies. If one blows up the balloon, the blobs or galaxies move away from each other; the further apart they are, the faster the distance between them increases.
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The Red Shift

Very hot objects in space, like stars, produce visible light, but as the Universe is constantly expanding, these distant stars and their home galaxies are moving away from Earth. This stretches their light as it travels through space towards us – the further it travels, the more stretched it becomes. The stretching makes visible light look redder – which is known as the cosmological red shift.


[image: The Early Atmosphere]
[image: ] The Earth’s atmosphere hasn’t always been as it is today. Were we to travel back 3.5 billion years (to when the Earth was about 1 billion years old), we would not be able to breathe.

[image: ] The atmosphere 3.5 billion years ago contained no oxygen. It was mostly made of nitrogen, hydrogen, carbon dioxide and methane, but the exact composition is not known. What is known, however, is that huge volcanic eruptions occurred around that period, releasing steam, carbon dioxide, ammonia and hydrogen sulphide into the atmosphere. Hydrogen sulphide smells like rotten eggs and is poisonous when encountered in large amounts.

[image: ] Today, our atmosphere is made of approximately 78% nitrogen, 21% oxygen and 0.93% argon. The remaining 0.07% is mostly carbon dioxide (0.04%) and a mixture of neon, helium, methane, krypton and hydrogen.





Did Life Come from Mars?
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Dr BRANDON CARTER

Laboratoire de l’Univers et de ses Théories,
l’Observatoire de Paris-Meudon, France

Where and when did life as we know it begin? Did it begin on Earth? Or could it have come from Mars?


A couple of centuries ago, most people believed that humans and other species had been present since the creation of the Earth. The Earth was thought to be, essentially, the whole of the material world, and the creation was described as a rather sudden event, like the Big Bang that the majority of scientists believe in today. This was taught in creation stories, like the one in Genesis, the first book of the Bible, and other cultures throughout the world have similar stories of a one-off moment of creation.

Although some astronomers did think about the vastness of space, its study only really began after Galileo (1564–1642) made one of the first-ever telescopes. His discoveries showed that the Universe contained many other worlds – some of which could, like our own planet, be inhabited. The immensity of the Universe – and the evidence that its creation must have happened long before our own species arrived on the scene – did not begin to be generally recognized until much later on, in what is known as the Age of Enlightenment. This was the eighteenth-century period in which there were many inventions, such as the hydrogen balloon, and particularly the steam engine. These inventions triggered the technological and industrial revolution of the nineteenth century. During that innovative time, the study of rock formation by sedimentation in shallow seas led geologists to understand that such processes must have been going on not just for thousands or even millions of years, but for thousands of millions of years – what we now call gigayears.

[image: ]
Modern humans appear to have arrived in the rest of the world from Africa 50,000 years ago, but modern archaeology has shown quite clearly that it was only about 6,000 years ago that early human societies began to develop what we call civilization – economic systems with the exchange of different kinds of goods. A very important factor in any civilization is the exchange not just of goods but of information. But how was this information stored or spread? Suitable recording mechanisms were needed.


Modern geophysicists now believe that Planet Earth, and our Solar System, was formed about 4.5 to 4.6 gigayears ago, when the Universe – now aged about 14 gigayears – was just over 9 gigayears old.



Scratching a Stone

Before the invention of paper and ink, one of the earliest methods humans used to record information was marks scratched on clay tablets – the distant ancestors of modern computer memory chips. This sharing and collecting of knowledge, particularly the kind we now call scientific, became an objective in its own right.


The relatively recent development of civilization depended, of course, on the emergence of what has been called intelligent life: beings with a sufficient sense of self-awareness to recognize themselves in a mirror. There are several known examples on our own planet: elephants and dolphins, as well as anthropoids – the group that includes chimpanzees and other apes, Neanderthals, and modern human beings like us. So far, no signs

1,000,000,000 years = 1 gigayear

[image: ]
How did these intelligent life forms on Earth come into being?








[image: ]














Objections
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Galileo Galilei
(1564–1642)
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James Watson
(1928–)
and
Francis Crick
(1916–2004)
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[image: The Milky Way is another name for the galaxy that contains our Solar System – so called because of the hazy, ‘milky’ band of light we can see from Earth. Find out more about our galaxy on page 5: A Voyage Across the Universe.]
The Milky Way is another name for the galaxy that contains our Solar System – so called because of the hazy, ‘milky’ band of light we can see from Earth. Find out more about our galaxy on page 5: A Voyage Across the Universe.

[image: How would it feel to visit an erupting volcano? Find out on page 81.]
How would it feel to visit an erupting volcano? Find out on page 81.

[image: In 1969 Neil Armstrong and Buzz Aldrin became the first humans to set foot on the Moon.]
In 1969 Neil Armstrong and Buzz Aldrin became the first humans to set foot on the Moon.

[image: THE BLUE MARBLE The first photograph taken of our Earth from the surface of the Moon. Find out more about Neil and Buzz’s journey on page 243.]
THE BLUE MARBLE The first photograph taken of our Earth from the surface of the Moon. Find out more about Neil and Buzz’s journey on page 243.

[image: The Kármán line is the boundary between Earth’s atmosphere and outer space. Read more on page 124.]
The Kármán line is the boundary between Earth’s atmosphere and outer space. Read more on page 124.

[image: A model of our Solar System, which shows the planets, in order, moving away from the Sun: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune.]
A model of our Solar System, which shows the planets, in order, moving away from the Sun: Mercury, Venus, Earth, Mars, Jupiter, Saturn, Uranus, Neptune.

[image: The surface of our neighbouring planet Mars is cold and rocky, with a thin atmosphere made mostly of carbon dioxide. Find out more on page 150. Discover the secret behind Saturn’s rings on page 163.]
The surface of our neighbouring planet Mars is cold and rocky, with a thin atmosphere made mostly of carbon dioxide. Find out more on page 150.
Discover the secret behind Saturn’s rings on page 163.

[image: The Andromeda Galaxy is the closest large galaxy to our own Milky Way. You can read about it on page 176.]
The Andromeda Galaxy is the closest large galaxy to our own Milky Way. You can read about it on page 176.

[image: Alpha Centauri is the closest star system to our Sun. Find out more on page 172.]
Alpha Centauri is the closest star system to our Sun. Find out more on page 172.

[image: This is a rendered image of what a black hole looks like to us. Read Stephen Hawking’s essay about black holes on page 206.]
This is a rendered image of what a black hole looks like to us. Read Stephen Hawking’s essay about black holes on page 206.
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