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SPACE
When you look into the blackness of the night sky, you are peering into the fathomless depths of the Universe. Stars, planets, and galaxies stretch into space not just further than you can see, but further than you can imagine.
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10 THE 
UNIVERSE 
The Universe is the whole of existence – all of space, matter, energy, and time. The Universe is so vast as to be unimaginable, but we do know that it is steadily expanding following its beginning 13.8 billion years ago in an explosive event called the Big Bang.THE SCALE  OF SPACEThe Universe is so vast that  we cannot appreciate its size without making leaps of scale. In this series of pictures, each stage represents a microscopic speck of the image to its right. When dealing with the vast distances in space, kilometres aren’t big enough. Instead, astronomers use the speed of light as a yardstick. Light is so fast it can travel around Earth 7.5 times in a second. One light year is the distance  light travels in a year: nearly  10 trillion km (6 trillion miles).Stellar neighbourhoodThe nearest star to the Sun is Proxima Centauri, which is just over four light years away. There are around 2,000 stars within 50 light years of the Sun. These make up our stellar neighbourhood, which is a tiny fraction of the Milky Way galaxy.UNDERSTANDING THE UNIVERSEPeople used to think of the Universe as a giant sphere, but we now know that things are not so simple. The Universe probably has no centre or outer edge. Only a fraction of it – the observable Universe – is visible to us. The whole Universe may be vastly bigger than this, perhaps inﬁnitely so.The shape of space The three dimensions of space  are “bent” by the force of gravity from matter in the Universe into a fourth dimension that we can’t see. This is hard to visualize, so scientists use the metaphor of a two-dimensional rubber sheet to explain the idea. The mass of the Universe could bend this rubber sheet in one of three ways, depending on how densely packed with matter the Universe is. Most scientists now think the shape of the Universe is “ﬂat”.ClosedA dense Universe would bend itself into a closed shape. Travelling in a straight line would bring you back to your starting point.FlatJust the right amount of matter would give the Universe a ﬂat shape. This would also be inﬁnite in size with no outer edge.OpenIf the Universe isn’t dense enough, it might stretch into an “open” shape, making it inﬁnite in size with no outer edge.Furthest objectsThe light from the most distant galaxies in this photo from the James Webb Space Telescope took over 13 billion years to reach Earth.What’s the matter?The elements hydrogen and helium make up 98 per cent of the matter we can see in the Universe. But there doesn’t seem to be enough matter to account for the way stars and galaxies are pulled by gravity. As a result, astronomers think galaxies contain “dark matter”, which we cannot see. There is also an unknown force making the Universe expand, known as “dark energy”.68%dark energy27%dark matter5% matter75% hydrogen23% helium2% otherelementsCELESTIAL BODIESThe Universe is at least 99.999999999999 per cent empty space. Floating in this vast, dark void are all sorts of different objects, which astronomers call celestial bodies. They range from grains of dust to planets, stars, and galaxies. Our Solar System includes a star (the Sun) and a large family of planets and moons that formed from the same cloud of gas that gave birth to the Sun. In recent years, planets have been seen around thousands of other  stars, showing that our Solar System  may be one of billions in our galaxy.AsteroidRocky lumps left over from the formation of the Solar System are called asteroids. They range in size from boulders to bodies close to the size of a dwarf planet.Looking back in time Because light takes time to travel,  when we look into space, we are looking back in time. The most distant objects visible are galaxies photographed by the James Webb Space Telescope. We see them as they were over 13 billion years ago. The Universe extends far beyond these, but it’s impossible to see objects much further because their light hasn’t had time to reach us.MAKE-UP OF THE UNIVERSEEarth and MoonEarth is 12,756 km (7,926 miles) wide.  Our nearest neighbour in space – the Moon – orbits Earth at a distance of 384,400 km (238,855 miles). If Earth were the size of  a football, the Moon would be the size  of a melon about 21 metres (69 ft) away.Solar SystemThe Sun’s family of eight planets occupies  a region of space 9 billion km (5.6 billion miles) wide. If Earth were a football, it would take ﬁve days to walk across this part of the Solar System. The nearest star would be a 58-year walk away.
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11 Milky Way galaxyThe Milky Way is a vast cloud of 200 billion stars. Its shape resembles a pair of fried eggs held back to back, with a central bulge surrounded by a ﬂat disk. It measures 100,000 light years across the disk and 2,000 light years deep through the bulge.Local Group of galaxiesThe Milky Way is just one of perhaps over two trillion galaxies in the observable Universe. Galaxies exist in groups called clusters, held together by gravity. The Milky Way is part of a cluster known as the Local Group, which is about 10 million light years wide.SuperclusterClusters of galaxies exist in even larger groupings called superclusters. We live  in the Virgo Supercluster, which is one  of millions of superclusters in the known Universe. Between these are immense empty areas called cosmic voids.UniverseSuperclusters are thought to form a vast web of ﬁlaments riddled with enormous voids containing no galaxies. The true size of the Universe is a mystery, and only a fraction of it is visible to us. The Universe may even be inﬁnite in size.CometComets are chunks of ice from the outer reaches of the Solar System. Some grow long tails of gas and dust as they approach the Sun and are warmed by it.MoonAlso called a natural satellite, a moon orbits a planet,  a dwarf planet, etc. Earth  has only one moon but the planet Jupiter has at least 80, including Io (above).Dwarf planetDwarf planets are larger than asteroids but smaller than planets. Like planets, they are round in shape. Pluto (above) is the best known dwarf planet.PlanetA planet is a large and nearly spherical object that orbits a star and has swept its orbital path clear of debris. The Solar System has eight planets.StarsThese luminous balls of  gas, such as the Sun, shine by generating their own nuclear power. Stars come in a wide range of types, temperatures, and sizes.NebulaA glowing cloud of gas and dust in space is known as a nebula. Some nebulae are clouds of wreckage created by dying stars. Others give birth to new stars.IS THERE ANYBODY OUT THERE?One of the biggest questions in science is whether life is unique to Earth or has arisen on other worlds. And if life has appeared elsewhere, could intelligent beings have evolved?  Scientists have set up projects to watch and listen for signals from extraterrestrials, and messages have been sent to  the stars to inform any aliens out there of our existence.SETI Astronomers involved in the  SETI (search for extraterrestrial intelligence) project use powerful radio telescopes to scan the skies  in search of artiﬁcial radio signals broadcast by alien civilizations.  The SETI project has been running since 1960, but it has so far found no conclusive evidence of alien signals, despite some false alarms.Arecibo messageIn 1974, scientists used the giant Arecibo radio telescope in Puerto Rico to broadcast a radio message towards the star cluster M13. The message contains symbols (right) that represent human beings, our base-10 counting system, the DNA molecule, and the Solar System. More a publicity stunt than a serious attempt to contact aliens, the broadcast will take 25,000 years to reach M13, and a reply will take 25,000 years to return.Numbers 1 to 10 in binary, reading  left to rightChemical formula of DNA (the molecule that carries the blueprint of life)Shape of  DNA moleculeHuman ﬁgure and population of Earth in 1974Earth’s position in the Solar SystemArecibo Telescope, which sent  the messagePioneer plaque The robotic spacecraft Pioneer 10 and Pioneer 11 visited the planets Jupiter and Saturn in 1973–74 and then ﬂew off into deep space. If aliens ever discover either craft drifting through interstellar space, they will ﬁnd a gold-plated plaque engraved with a message from Earth.RADIO TELESCOPEMan and woman in front of Pioneer craftPosition  of the Sun  in the Milky Way galaxyHydrogen atomPlan of Solar System, with Pioneer’s ﬂight path
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12 spaceTHE UNIVERSEThe Big Bang
About 14 billion years ago, the Universe materialized out of nothing for unknown reasons. Inﬁnitely smaller than an atom to begin with, the Universe expanded to a trillion kilometres across in under a second – an event called the Big Bang.Time came into existence when the Universe began, so the question “What happened before?” has no meaning. Space also came into existence. The Big Bang was not an explosion of matter through space – it was an expansion of space itself. At ﬁrst the Universe consisted of pure energy, but within a trillionth of a second, some of this energy turned into matter, forming a vast soup of subatomic particles (particles smaller than atoms). It took nearly 400,000 years for the particles to cool down enough to form atoms, and then another 300 million years before the atoms formed planets, stars, and galaxies.  The expansion that began in the Big Bang continues to this  day, and most scientists think it will carry on forever.The expanding Universe The illustration below does not show the shape of the Universe, which is unknown. Instead, it is a timeline that shows how the Universe has expanded and changed since the Big Bang.  We know the Universe is expanding because the most distant galaxies are rushing apart  at fantastic speeds. By running the clock backwards, astronomers ﬁgured out that  the expansion began 13.8 billion years  ago at a single point: the Big Bang. 1234789The Universe appears out of nowhere. At the start, the Universe consists purely of energy and is inﬁnitely dense and unimaginably hot – 10 billion trillion trillion °C (18 billion trillion trillion °F).Within a tiny fraction of a second, the Universe balloons in size from trillions of times smaller than an atom to the size of a city. The rate of expansion then slows.The intense energy of the newborn Universe creates matter. At ﬁrst, the matter is a soup of particles and antiparticles. These crash into and cancel each other out, turning back into energy. But some of the matter is left over – this will eventually turn into atoms and later stars and galaxies.Energy turns into particlesStars formFirst galaxies formRate of expansion increases56The Universe beginsThe Universe beganas something called a singularity: a point of zero size but infinite density.Atoms form1million million million million kilometres (570 thousand million million million miles) – the diameter of the observable Universe.Protons and neutrons form132
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13 10The Universe is now about 1 microsecond old and 100 billion km (60 billion miles) wide. The leftover particles begin to form protons and neutrons – the particles that today make up the nuclei of atoms. But the Universe is too hot for atoms to form yet. Light cannot pass through the sea of particles, so the young Universe resembles a dense fog.After 379,000 years, the Universe cools enough for atoms to form. The Universe is now a vast cloud of hydrogen and helium. Light can pass through space more easily, and the Universe becomes transparent.Half a million years after the Big Bang, matter is spread out almost evenly in the Universe, but tiny ripples exist. Working on these denser patches, gravity begins pulling the matter into clumps.At 300 million years, stars appear. Stars form when great clouds of gas are pulled into tight knots by gravity. The pressure and heat become so intense in the dense pockets of gas that nuclear reactions begin, igniting the star.At 500 million years, the ﬁrst galaxies are forming. Galaxies are enormous clouds of stars, held together by gravity.Now 5 billion years old, the Universe consists of vast clusters of galaxies arranged in threads, with gigantic voids between them. The voids get ever bigger as space continues to expand. At 8 billion years, the expansion of the Universe begins to accelerate.Our Solar System forms at  9 billion years. When the Universe is 20 billion years old, the Sun will expand in size and destroy Earth.The Universe will carry on expanding forever, becoming  cold and dark everywhere.11TIMENo change in starlightSTATIC UNIVERSEEXPANDING UNIVERSELight waves stretchedMICROWAVE MAP OF WHOLE SKYSolar System formsDiscovery of the Big BangThe ﬁrst scientiﬁc evidence for the Big Bang was found  in 1929, when astronomers discovered that light from  distant galaxies is reddened. This colour change happens when objects are moving away from us, making lightwaves stretch out and change colour. The more distant the galaxies are, the faster they are rushing  away. This shows that the whole Universe is expanding.Big Bang afterglowMore evidence of the Big Bang came in the 1960s, when astronomers detected faint microwave radiation coming from every point in the sky. This mysterious energy is the faded remains of the intense burst of energy released in the Big Bang.Changing elementsFor hundreds of millions of years, the Universe consisted almost entirely of hydrogen and helium  – the very simplest chemical elements.  After stars appeared, new elements began to be made in the cores  of dying stars. All the complex elements in our bodies were forged in dying stars this way.Big Bounce theoryWhat caused the Big Bang? We may never know for sure, but some scientists have suggested that there may have been lots of big bangs, with the Universe expanding after each one and then shrinking again. This theory is called the Big Bounce because the process repeats itself.75% hydrogen23% helium 1% oxygen0.4% carbon0.4% neon0.1% iron0.1% nitrogen+ traces of otherEARLY UNIVERSE24% helium76% hydrogenUNIVERSE TODAY4567891011Universe shrinksBig BangUniverse expands
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14 spaceTHE UNIVERSEOrion ArmOur Solar System lies in this small arm. Many of the stars we see in the night sky are in the Orion Arm.Galaxies 
Our Sun belongs to a giant spiral of stars called the Milky Way. Huge collections of stars are called galaxies, and like all galaxies, the Milky Way is unimaginably vast. Galaxies come in many shapes and sizes. Some are spirals like our own galaxy, but others are fuzzy balls or shapeless clouds. The smallest have just  a few million stars. The largest contain trillions. Although they look packed with stars, galaxies  are mostly empty space. If you made a scale model of the Milky Way with a grain of sand for each star, the nearest star to the Sun would be 6 km (4 miles) away. The furthest would be 130,000 km (80,000 miles) away. The stars in a galaxy are held together by gravity and travel slowly around the galactic heart. In many galaxies, including ours, a supermassive black hole lies hidden in the  centre. Stars and other material are sucked  into this cosmic plughole by gravity  and disappear forever.The Milky Way  If you could look down on the Milky Way galaxy from above, the view would be like ﬂying over a glittering city at night. Most of the galaxy’s 200 billion stars are in the central bulge. Curving around this are two vast spiral arms and several smaller arms. The Milky Way is thought to be a barred spiral (see panel), but we can’t see its shape clearly from Earth as we view it from the inside. In the night sky, the Milky Way appears only as a milky band of light. Galactic centreThis photo from an infrared (heat-sensitive) telescope shows stars and gas clouds packing the centre of the Milky Way. A supermassive black hole lies hidden somewhere in this area.Solar SystemOur Solar System is in  a minor spiral arm called the Orion Arm. We orbit the centre of the galaxy once every 225 million years, travelling at about 220 km (137 miles) a second.Crab Nebula Clouds of gas and dust occur throughout the Milky Way, especially  in the spiral arms. The Crab Nebula is a cloud of wreckage left behind by a dying star that exploded.Globular clusterNot all the Milky Way’s stars are in the main disc of the galaxy. Some are in globular clusters – tightly packed balls of ancient stars ﬂoating above and below the galaxy in a spherical region called the halo.MILKY WAY SIDE VIEWMILKY WAY OVERHEAD VIEWMain disc containing arms200billion – the approximate number of stars in the Milky Way galaxy. 23– the number of times our Solar System has orbited the Milky Way.SCUTUM-CENTAURUS ARM40,000 light years30,000 light-years20,000 light-years10,000 light-yearsNORMA ARM1234
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15 Scutum-Centaurus ArmThis is the second of the two main spiral arms. The area where it joins the central bar is rich in star-forming clouds.Perseus ArmThis is one of the Milky Way’s two major spiral arms. We see stars in this arm when we look towards the constellation Perseus.Circles show distance from the centre of the galaxy.Gas cloudCentral barBulge formed by spiral armGalaxy shapes Astronomers classify galaxies into just  a few main types, depending  on the  shape we observe from Earth.Colliding galaxiesSometimes galaxies crash into and tear apart each other. Individual stars don’t collide, but gas clouds do, and gravity pulls the colliding galaxies into new shapes.If stars all had neat, parallel orbits, the galaxy would have no spiral arms.If stars’ orbits don’t line up neatly, crowded zones form, giving the galaxy spiral arms.YOU ARE HERECentral bulge6,000years – the length of time it would take to count the Milky Way’s stars at a rate of one a second.2trillion – the approximate number of  galaxies in the observable Universe.Spiral A central hub of stars is surrounded by spiral arms curving out.Barred spiralA straight bar runs across the centre, connecting spiral arms.Elliptical More than half of all galaxies are simple ball shapes.IrregularGalaxies with no clear shape are classiﬁed  as irregular.End of the Milky WayIn 4 billion years our galaxy will collide with the Andromeda galaxy. This artist’s impression shows what the sky might look like as they merge.Dark lane formed by dustGlobular clusterHow spiral arms formThe stars in a galaxy orbit the centre, taking millions of years to make one circuit. Spiral arms appear where stars pass in and out of crowded areas, like cars passing temporarily through a trafﬁc jam. One theory is that these trafﬁc jams happen because the orbits of different stars don’t line up neatly.CROSS SECTION THROUGH MAIN DISC OF GALAXY324SAGITTARIUS ARM1PERSEUS ARM
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16 spaceTHE UNIVERSE1Interstellar cloud Stars are born within enormous, cold, dense clouds of gas and dust. The process of star formation may be triggered if something disturbs the cloud, such as a collision with another cloud or a shockwave from a supernova explosion.2Fragments form Now unstable, the cloud breaks up into fragments of different size and mass. The most massive and dense of these fragments are gradually pulled by their own gravity into tighter clumps.  These shrinking fragments will eventually turn into protostars.3ProtostarA protostar forms. Gravity pulls material into its core, where the density, pressure, and temperature build up. The more matter the original cloud fragment contained, the greater the temperature and pressure rise as the protostar develops. Cloud breaks up into fragmentsInterstellar gas cloudRotating discProtostarStarbirth nebulaeClouds of gas and dust in space  are called nebulae. Much of the gas and dust in a nebula is debris from old stars that exploded when they ran out of fuel. Over millions of years, this material is recycled to make new stars. Starbirth nebulae are among the most beautiful objects in space, their colourful clouds illuminated from within by the blue light of newborn stars.Orion Nebula The Orion Nebula is one of the closest star-forming regions to Earth. In the night sky it looks like a fuzzy star in the sword of Orion. In reality, it is a vast cloud of gas and dust thousands of times bigger than the Solar System.Star birth 
Stars have been forming throughout the Universe for most of its life. They take shape in vast clouds where thousands of stars are born at a time.The clouds that give birth to the stars are cold and dense and consist mainly of hydrogen gas. The newly formed stars are huge spinning globes of hot, glowing gas – mainly hydrogen, with helium and small amounts of other elements. Much of this material is packed tightly into the stars’ cores, and it is here that nuclear reactions release energy in the form of heat and light.How new stars form  The star-forming process begins when the cloud becomes unstable and breaks up into fragments. Gravity pulls the material in a fragment into an ever-tighter clump, and the clump slowly forms a sphere as it shrinks. Now a protostar, this star-to-be carries on shrinking, its core getting denser and hotter. Eventually the pressure and temperature are so high that nuclear reactions begin, and the star starts to shine.The largest stars in the night sky are big enough to swallow our Sun a billion times.The brightest stars emit 6 million times more light than the Sun.13billion years – the age of the oldest known star.
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17 4Spinning disc The growing mass at the centre creates a gravitational pull, drawing ever more gas  and dust inwards. A bit like water going down a plughole, the material being pulled in starts to spin round. Powerful winds develop, blowing jets  of gas out from the centre. 5A star is born Squeezed by the force of gravity, the protostar’s core becomes so hot and dense that nuclear reactions occur, and the star begins to shine. The glowing core produces an outward pressure that balances the inward pull of gravity, making the star stable. It is now a “main sequence star”.6Planets form Not all the material from the gas cloud has been used to make the star. The leftovers form a spinning disc of gas and dust around the star. This debris may  be lost into space, or it may clump together to form planets, moons, comets, and asteroids.Star begins to shineJets of gasLeftover material  may form planetsStar clustersStars are not formed singly – they  are born in clusters from the same cloud of material at roughly the same time. Eventually, the stars of a cluster will drift apart and exist alone in space, or with a close companion or two. Our Sun, like about half of the stars nearest to us, is alone. Most of the stars in the night sky are in pairs, bound together by gravity.Pleiades cluster A handful of the 5,000 or so stars that make up the Pleiades cluster can be seen with the naked eye.  In about 250 million years time,  the stars will have dispersed  and the cluster will no longer exist.Classifying stars The Hertzsprung–Russell diagram is a famous graph that astronomers use to classify stars. The graph plots brightness against temperature  and reveals that there are distinct groupings of stars, such as red giants (dying stars) and main sequence stars (ordinary stars). Astronomers also classify stars by colour, which is linked to their temperature: hot stars are blue; cooler stars are orange or red.17 17 Types of starA star begins to shine when nuclear reactions in its core convert hydrogen into helium and release energy. It is then called a “main sequence star”. Not all main sequence stars are the same – they differ in size, temperature, colour, brightness, and the amount of matter they contain. When stars begin to run out of fuel and near the end of their lives, they stop being main sequence stars and may swell  up and turn into red giants or shrink to become white dwarfs.White dwarfsBlue supergiantsRed giantsSupergiantLUMINOSITYDimmerBrighterTEMPERATURECoolerHotterSunMAIN SEQUENCE STARS
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18 spaceTHE UNIVERSESmall starsStars with less than half the mass of the Sun fade away very slowly. Once the hydrogen in the core is used up, the star begins to feed off hydrogen in its atmosphere. But it doesn’t generate enough gravity to use other elements as fuel, so it slowly shrinks to become a  black dwarf. This will take far longer than the  age of the Universe – up to a trillion years.Medium starsWhen a Sun-like star has used up the hydrogen in its core, nuclear fusion spreads outside the core, making the star expand into a red giant. The core collapses until it is hot and dense enough to fuse helium,  but eventually it runs out of helium too. Finally,  it becomes a white dwarf, and its outer layers  spread into space as a cloud of debris.Massive starsStars over eight times more massive than  our Sun end their lives in strange and  violent ways. The heat and pressure inside  the core become so great that nuclear fusion can not only fuse hydrogen atoms together to form helium but can fuse helium and larger atoms to create elements such as carbon or oxygen. As this takes place, the star swells into the largest star of all: a supergiant.Four ways to die  Stars can die in four different ways, all of which are shown on these pages. Our Sun, a typical star, will follow the central path, but not yet – it has enough fuel to keep shining for 5 billion years. When larger stars die, they turn hydrogen into heavier chemical elements such as carbon and oxygen, which are later recycled to form new stars and planets. All  the atoms in your body were created this way.5
billion tonnes – the weight of one teaspoonful of material from the core of a neutron star.Star expandsStar death 
All stars eventually run out  of fuel and die. Most fade away quietly, but the most massive stars self-destruct in a huge explosion that can outshine an entire galaxy.Like Earth, stars generate the force of gravity, which squeezes their hot cores. The more matter a star has, the greater the force of gravity and  the hotter and denser the core becomes. The way a star dies depends on how much matter it contains (its mass), which determines how powerfully its core is squeezed by gravity.Stars make heat and light by the process of nuclear fusion: hydrogen atoms in the core join together to form helium, releasing energy. In small stars, when hydrogen in the core runs out, the star’s light slowly fades. But in more massive stars, the core is so hot  and dense that fusion can spread beyond it, changing  the star’s appearance. The most massive stars are eventually overwhelmed by their own gravity, which  crushes them so violently that they collapse into a  pinprick to create a black hole.Supergiant stars can grow to 1 billion times the volume of our Sun.Stable starEvery young star goes through a stable phase in which it shines steadily.Star expandsStar begins to shrink
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19 Light intensity fades as fuel runs outStar continues to shrink and fadeBlack dwarfFinally, its fuel used up and its light extinguished, the star becomes a black dwarf – an Earth-sized cinder.Red giantNuclear fusion spreads to the layer around the core, heating it up and making the star expand. Nearby planets may be swallowed up by the growing giant.Planetary nebulaThe star’s outer layers disperse into space as a glowing cloud of wreckage – a planetary nebula. The material in this cloud will eventually be recycled to form new stars.Black holeThe force of gravity close to a black hole is so intense that nothing can escape from it – not even light. Anything falling inside is torn apart by gravity and then crushed into a point of inﬁnite density.Red supergiantThe star has grown into a supergiant.  Nuclear fusion carries on inside the core, forcing atoms together to form heavier and heavier elements, until the star’s core turns into iron. When this happens, the core no longer generates enough outward pressure to resist the crushing force of gravity, and the whole star suddenly collapses, causing a catastrophic explosion – a supernova. SupernovaThe star self-destructs in an explosion brighter than a billion suns. Its outer layers are blasted into space, but its massive core continues to collapse in on itself. What happens next  depends on how massive the core is. A smaller core becomes a neutron star, but a massive core never stops collapsing. It shrinks until it’s billions of times smaller than an atom and becomes a black hole.Neutron starUp to three times heavier than the Sun, yet just a few kilometres wide, neutron stars are unimaginably dense, fast-spinning stars.White  dwarfAll that remains is the dying core – a white dwarf. This Earth-sized star will slowly fade and become a cold, dead black dwarf.1teaspoonful of material from a red giant weighs less than a grain of salt.1,600light years – the distance from Earth to the nearest black hole.Outer layerCoreLight becomes increasingly dim
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20 spaceTHE UNIVERSERadiative zoneOutside the core is the radiative zone, which is not dense enough for nuclear fusion to take place. Energy from the core seeps very slowly out through this layer.Convective zoneIn the convective zone, vast bubbles of hot gas rise to the surface, cool, and then fall, transferring energy from the Sun’s heart to the exterior.PhotosphereThe Sun’s apparent surface is called the photosphere. Energy escapes into space from here as light.CoreInside the hot, dense core,  the process of nuclear fusion releases energy. Every second, more than 600 million tonnes of hydrogen are fused into helium in the core.Loop prominenceGigantic loops of glowing gas extend high above the Sun’s surface, anchored to the star’s tangled magnetic ﬁeld. Called loop prominences, these gas eruptions can last for months.Spikes of gasJets of hot gas rise all the time from the Sun’s surface, forming towering spikes that last just a few minutes before collapsing. Called spicules, these formations can reach thousands of kilometres in height. Seen from above (right), they form shimmering, hair-like patterns around a sunspot.The Sun 
The Sun is a nearly perfect sphere of  hot, glowing gas. Its source of power lies buried deep in the central core, where a nuclear furnace rages nonstop, turning matter into pure heat and light.Slightly bigger than a typical star, the Sun is large enough by volume to swallow 1.3 million Earths. It contains 99.8 per cent of all the matter in the Solar System, and the force of gravity generated by this enormous mass keeps the planets trapped in orbit around it. Seen from Earth, the Sun is a life-sustaining source of light and warmth that shines steadily on us. Closer views, however, reveal a world of astonishing violence, its seething surface bursting with vast eruptions that hurl ﬁery gases into space.Inside the SunScientists divide the Sun’s interior  into three distinct layers: the core, the radiative zone, and the convective zone. All three are made solely of gas, but the gas gets hotter and denser towards the centre. In the core, the temperature soars to 15 million °C (27 million °F) and the gas is 150 times more dense than water. 
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21 Solar ﬂareA sudden burst of energy from the Sun’s surface is called a solar ﬂare. Flares are often followed by a coronal mass ejection (see panel). SunspotsCooler, darker patches on the Sun are called sunspots. The number of sunspots rises and falls over an 11-year cycle.Grainy surfaceThe bubbles of hot gas that  rise up inside the Sun make its surface look grainy. There are some 4 million granules on the Sun’s face, each about 1,000 km (600 miles) wide and lasting for around eight minutes.SIZE OF EARTH COMPARED  TO THE SUNEnergy release It takes only eight minutes for light from the  Sun to reach Earth, but it can take 100,000 years for energy released in the Sun’s core  to travel to the surface and emerge as light. The journey is slow because the energy is absorbed and re-emitted by trillions of atoms as it passes through the dense radiative zone.385million billion gigawatts – the amount of energy output from the Sun each second.Rotation Like all objects in space, the Sun rotates.  Unlike Earth, which rotates as a solid object, the Sun is a ball of gas and turns at different speeds in different places. The equator takes 25 Earth days to rotate once, but the polar regions take 34 days.Sun statisticsDiameter ..........1,393,684 km (865,374 miles)Distance from Earth ...................150 million km (93 million miles) Mass (Earth = 1) ........................................333,000Surface temperature .........5,500 °C (10,000 °F)Core temperature ..15 million °C (27 million °F)34 days 25 days 34 days EARTHSUN24 hours Mass ejections Vast bubbles of superhot gas (plasma),  each with a mass of around a billion tonnes, erupt from the Sun up to three times a day. Called coronal mass ejections, these bubbles grow millions of kilometres wide in a few hours and then burst, sending a blast of charged particles hurtling across the Solar System. The blast waves sometimes collide with Earth, lighting up the polar skies with unusually brilliant aurorae.15:23 PM18:09 PM18:25 PMSUNEARTH8 minutes100,000 years
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space22 THE UNIVERSEIf the Sun were the size of a basketball, Neptune would be a strawberry 270 km (170 miles) away.SaturnThe second biggest planet is striking for the dazzling system of bright rings that encircle it. It has over 80 moons and dozens more moonlets.MarsMars is a bitterly  cold, desert world. Like Earth, it has mountains, canyons, and icy poles.EarthOur home planet is the only place known to support life, thanks to the liquid water on its surface.VenusThough similar in size to Earth, Venus is a hellish world where any visiting astronaut would be crushed and boiled alive.MercuryThe closest planet to the Sun, Mercury is also the smallest planet. Its surface is scarred by ancient craters.2,000 million km  (1,243 million miles)1,000 million km  (621 million miles)500 million km  (311 million miles)MarsEarthVenusMercurySunJupiterSaturnSunThe Sun is like a vast nuclear power station that produces energy by converting hydrogen into helium. It is the only star we can study close up.1,500 million km  (932 million miles)If the Sun were the size of a basketball, Earth would be a pea 83 m (270 ft) away.Asteroid     Asteroids are giant space rocks that drift around the inner Solar System. Most lie in a belt between Mars and Jupiter, but some occasionally come dangerously close to Earth. The smallest are the size of houses,  while the largest are big enough to  be classed as dwarf planets. Scientists think asteroids are leftovers from the material that formed the planets. All  of them together amount to less than  a twentieth of the Moon’s mass.Orbital distanceThe scale bar below shows the relative distances of the planets from the Sun.  The distance between one planet and the  next increases greatly as we move out through the Solar System.
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The Solar System 
The force of gravity generated by the Sun’s vast mass keeps a family of planets and other bodies trapped in orbit around it. Together, the Sun and all these bodies make up our Solar System.Our Sun formed from a great cloud of dust and gas around  4.6 billion years ago. Vast amounts of matter were drawn in by the developing star, but not all of it was fully absorbed. A tiny fraction of leftover material – a mere 0.14 per cent of the Solar System’s mass – formed a disc of gas and dust encircling the newborn star. Over millions of years, the grains of dust in this disc clumped together, growing into ever larger bodies until they grew to the size of planets, pulled into spheres by their own gravity. In the inner Solar System, where the Sun’s heat was too intense for gases to condense, planets formed from rock and metal. In the outer Solar System, gases condensed  to form much bigger planets.Today the Solar System has eight planets, more than  100 moons, an unknown number of dwarf planets, and countless millions of comets and asteroids.26 Thenumberofasteroidsknowntobemorethan200km(124miles)wide.Kuiper BeltThousands, if not millions, of small icy bodies occupy the region beyond the planets. The Kuiper Belt is home to dwarf planet Pluto and is a likely source of comets.NeptuneThe most distant planet, Neptune is a blue giant with 14 known moons. It takes Neptune nearly 164 years to orbit the Sun once.UranusBlue giant Uranus orbits the Sun tipped over on its side, perhaps because of a crash with a smaller world. It has 27 moons.The Solar System  The Solar System’s planets form two groups. There are four small, inner planets made of rock and metal, and four giant, outer planets made of gas and liquid. Between the two is  a belt of rocky bodies called asteroids, and beyond the planets is a zone of icy bodies including dwarf planets and comets. Even further out is a vast, spherical cloud of more comets – the Oort Cloud. The Solar System has no agreed outer boundary.JupiterThe largest planet in the Solar System, Jupiter is more massive than all the other planets put together. It has its own family too, with over 90 moons, some as big as planets.NeptuneSunSaturnUranus4,500 million km  (2,796 million miles)Neptune4,000 million km  (2,485 million miles)3,500 million km  (2,175 million miles)3,000 million km  (1,864 million miles)Uranus2,500 million km  (1,553 million miles)A slow cannonball falls to the ground.A very fast cannonball escapes Earth’s gravity.At just the right  speed, a cannonball keeps falling but never lands.CometThese small, icy bodies can develop spectacular tails of gas and dust when they approach the Sun.PlutoCeresHaumeaMakemakePlutoErisEarthSIZE COMPARED TO EARTHOrbitsEvery major body in the Solar System orbits the Sun in the same direction. The planets  are on near-circular orbits in the same plane as the disc of gas and dust from which they formed. Many smaller objects, such as the dwarf planet Pluto, have stretched orbits tilted to this plane. Comets arrive from all directions.How orbits workEnglish scientist Isaac Newton was the ﬁrst person to realize why moons and planets travel in orbits: because they are trapped by gravity. To explain his theory, he drew a giant cannon ﬁring cannonballs off Earth. If a cannonball moved fast enough, the curve of its path as it fell back would be gentler than the curve of Earth’s shape, and it would never land – it would stay in orbit. Dwarf planetsDwarf planets are round in shape but smaller than true planets, and their gravity is not strong enough to sweep their region of space clear of smaller debris. The most famous dwarf planet is Pluto, which was classed as a true planet until 2006.Eris
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24 spaceTHE UNIVERSEMaat Mons is Venus’s largest volcano Smooth plains formed from lava ﬂows in distant pastBrightest craters are the youngestThis view of Venus’s surface was made using radar to see through the planet’s thick cloudsMercury proﬁleDiameter ....4,879 km (3,032 miles)Average surface  temperature .................167°C (333°F) One spin on axis ....58.6 Earth daysOne orbit of Sun .........88 Earth daysNumber of moons ..............................0Greenhouse effectVenus is hot because of a process called the greenhouse effect. The Sun’s heat passes through the atmosphere and warms the ground, which then re-emits warmth. The re-emitted warmth is trapped by the atmosphere, much as glass traps heat in a greenhouse. Hot spotsThe colours on this heat map of Mercury show the planet’s surface temperature. The red region, which  is on the equator, faces the Sun and is hottest. Next warmest are yellow areas, then green. The planet’s polar regions (blue) are coolest.Venus proﬁleDiameter ..12,104 km (7,521 miles)Average surface  temperature .................464°C (867°F) One spin on axis .....243 Earth daysOne orbit of Sun ...224.7 Earth daysNumber of moons ..............................0Lava land Venus is sometimes described as Earth’s twin because it’s almost the same size as our planet and has a similar internal structure. But the two worlds are very different. Any astronaut who tried to  walk on Venus would be killed in seconds. The surface is as hot as the inside of a pizza oven, and the crushing air pressure is 90 times greater than that on Earth.Venus’s deadly surface is hidden from our view by thick cloud, but orbiting spacecraft have used radar to see through the gloom, and landers have touched down to take photos. Venus is a world of volcanoes, many thought to be active, and its surface is littered with broken rock from solidiﬁed lava. It is permanently overcast, with a sickly yellowish light ﬁltering through the cloud. Venus spins more slowly  than any other planet. It also  spins in the opposite direction (clockwise) to every other planet  apart from Uranus.Sunlight warms the groundHeat from ground is trapped by atmosphereAtmosphere is about 80 km  (50 miles) deepInner planets
Mercury, Venus, Earth, and Mars are the Solar System’s inner planets. On the face of it, they are worlds apart – but underneath the surface, it is a different story. The inner planets all formed from the same material about 4.6 billion years ago. All are a mix of rock and metal, with interiors that are roughly divided  into layers. The heavier metals are concentrated towards the centre, while the lighter rock is on top. Each of these planets was bombarded by asteroids and comets early in the Solar System’s history, and each has been affected by volcanic activity too. Mercury’s heavily cratered face still bears the scars of the early bombardment, but the surfaces of the other three worlds have changed over time. Mercury’s iron core accounts for two-thirds of the planet’s mass.MERCURYVENUSIn the Sun’s glare Mercury is the smallest of the Solar System’s planets and lies closest to the Sun. It is a lifeless world that has hardly changed in 3 billion years. The planet’s entire surface is pitted with craters formed when asteroids crashed into it while Mercury was young. The craters range from small, bowl-shaped ones  to the huge Caloris Basin, which is nearly one-third the width  of the planet. Mercury orbits the Sun more quickly than any other planet, but it rotates slowly: for every two orbits, it spins around just three times. So a “day” on Mercury (sunrise to sunrise) takes 176 Earth days. Such long days and nights, coupled with  a very thin atmosphere, give Mercury the greatest surface temperature range of all the planets. In the daytime, the surface is hot enough to melt lead, but at night it’s cold enough to liquefy air.
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25 Like Earth, Mars has a crust made of solid rockThe reddish colour comes from iron oxide (rust) in the soilLike all the inner planets, Mars has a core made of red-hot ironIce cap at north poleLiquid water covers  71 per cent of  Earth’s surfaceTilted planetEarth spins around once a day, but  it isn’t perfectly upright. Its axis –the imaginary line from pole to pole around which it spins – is tilted by 23.5°. So, as Earth travels around the Sun, one hemisphere and then the other is tilted towards the Sun. This is what causes the seasons.Earth proﬁleDiameter ..12,756 km (7,926 miles)Average surface  temperature ......................15°C (59°F) One spin on axis ..............23.9 hoursOne orbit of Sun ...............365.3 daysNumber of moons ..............................1Rocky ﬂoodplainMars hasn’t always been a desert.  Dry riverbeds show that water ﬂowed here long ago. Floods swept rocks across the land and dumped them on ﬂoodplains like the one below. Mars may even have been warm and wet enough for life to ﬂourish.Mars proﬁleDiameter ....6,792 km (4,220 miles)Average surface  temperature ..................–63°C (–81°F) One spin on axis ..............24.6 hoursOne orbit of Sun ......687 Earth daysNumber of moons ..............................2The red planetThe second smallest planet in the Solar System, Mars is half the size of Earth. It’s sometimes called the red planet because of its rusty colouring. A vast canyon called Valles Marineris stretches a quarter of the way around this frozen desert world. It formed long ago when the crust of the young planet split open. Elsewhere are dusty plains strewn with boulders and giant, extinct volcanoes, including Olympus Mons – the Solar System’s largest volcano.Axis23.5°Southern hemisphereNorthern hemisphereEquatorLiving worldThird out from the Sun, Earth is the largest of the inner planets. It’s  the only planet with liquid water ﬂowing freely on the surface, and it’s the only planet in the Universe known to sustain life. Earth’s surface consists of vast oceans, rocky continents, and two polar ice caps – all supported by  a thin, rocky crust. The crust is broken into seven huge segments and many smaller ones. Called tectonic plates, these giant slabs  of rock creep slowly over Earth’s surface, pushed by churning movements in the softer, hot rock that ﬁlls most of Earth’s interior. As tectonic plates move, they bump into each other and grind past  one another, generating immense forces that thrust up mountain ranges, unleash volcanic eruptions, and trigger earthquakes. These powerful forces continually change Earth’s appearance, as do the actions of wind and water –  and the planet’s almost 8 billion  human inhabitants. NORTH POLESOUTH POLE22km (14 miles) – the height of the Olympus Mons volcano on Mars.Mars’s moons Phobos and Deimos were once asteroids.4,000km (2,500 miles) – the length of  Mars’s Valles Marineris canyon.EARTHMARS
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26 spaceTHE UNIVERSEGas atmosphereJupiter’s swirling outer atmosphere is 1,000 km (620 miles) thick and consists mainly of hydrogen gas.Liquid layerThe outer atmosphere merges gradually into a deep layer of liquid hydrogen and helium.Blue colour caused by more active atmosphereSize of Earth  relative to  planetsLiquid metal layerDeep inside Jupiter, intense pressure turns hydrogen into a liquid metal.Solid coreJupiter’s rocky core  is hotter than the surface of the Sun.Great Red SpotThis giant storm is bigger than Earth and has been raging for over 300 years.1665The year Jupiter’s Great Red Spot was ﬁrst seen.Fastest known windsWhen Voyager 2 ﬂew past Neptune in 1989, it photographed white clouds blown into streaks by winds of up to 2,100 kph (1,300 mph) – the fastest sustained winds in the Solar System. This violent weather is thought to be powered by heat from inside Neptune since the planet is too far from the Sun to absorb much of its warmth.Neptune proﬁleDiameter ............................49,528 km                                    (30,775 miles)Average surface  temperature .............–201°C (–330°F)One spin on axis ...............16.1 hoursOne orbit of Sun 163.7 Earth yearsNumber of moons ...........................14Blue planet Neptune, the eighth and furthest  of the planets from the Sun, was discovered in 1846. Astronomers had noticed Uranus wasn’t following its expected path – there seemed to be an unseen body, perhaps an undiscovered planet, pulling on it. Two mathematicians – John Couch Adams in England and Urbain Le Verrier in France – calculated where in the sky the undiscovered planet must lie. Within days, Neptune was spotted from an observatory in Germany.    Neptune is slightly smaller than Uranus and looks bluer because  of its more active atmosphere.  It has a deep, ﬂuid mantle that is hot and dense and contains water, ammonia, and methane. Neptune also has a barely visible system  of rings. Its biggest moon, Triton, resembles Pluto and was likely captured by Neptune’s gravity in an encounter billions of years ago.The Jupiter systemLike a king surrounded by his courtiers, Jupiter is circled by a great number  of moons. The inner moons, including the four largest, are shown below. Ganymede, the largest, is bigger than the planet Mercury. Most of Jupiter’s other moons are probably asteroids captured by the planet’s gravity. ThebeMetisIoEuropaAmaltheaAdrasteaCallistoGanymedeJupiter proﬁleDiameter ...........................142,984 km                                        (88,846 miles)Average surface  temperature .............–145°C (–234°F) One spin on axis .................9.9 hoursOne orbit of Sun ......11.9 Earth yearsNumber of moons .................over 90King of the planets  Mighty Jupiter is the ﬁfth planet from the Sun and the largest in the Solar System – so big, in fact, that it’s 2.5 times more massive than all the other planets put together. Its strong gravitational pull greatly affects the orbits of other bodies in the Solar System.    Jupiter’s fast rate of spin has stretched its surface clouds into bands, with spots (storms) and ripples where neighbouring bands swirl together.     Several craft have visited Jupiter, including Juno, which began to orbit in 2016.  JUPITERNEPTUNE1,300The number of times Earth could  ﬁt inside Jupiter’s volume.


[image: background image]
27 Main ringsThe rings consist of billions of sparkling fragments of ice, varying in size from microscopic to as big as a house.Cloud bandsSaturn’s clouds form bands around the planet, like those on Jupiter.Outer atmosphereAlthough it looks calm, ﬁerce winds whip through Saturn’s atmosphere at 1,800 kph (1,120 mph).On a rollUranus leans so far to one side that it appears to roll along as it travels around the Sun.Rings around UranusThirteen rings are known to circle the planet.GapsGaps in the rings are areas swept clear of ice by the gravity of Saturn’s moons.Outer planets 
Four gigantic planets dominate the outer Solar System. Very different from the rocky, inner planets, these strange worlds are huge globes of gas and liquid,  with no solid surface and hundreds of moons.After the Sun ﬁrst formed, its heat drove gases out of the inner Solar System, leaving behind heavier compounds such as rock and metal. The rock and metal formed the solid inner planets, while the gases formed the outer planets. Astronomers call the outer planets gas giants, though they consist mostly of liquid and they have solid cores. These four worlds  have much in common. All have numerous moons, a deep, stormy atmosphere, and a set of rings made of ﬂecks of rock or ice. 24,000°C (43,000 °F) – the estimated temperature of Jupiter’s core.150The number of moons and moonlets observed orbiting Saturn.Saturn proﬁleDiameter ..........................120,536 km                                    (74,897 miles)                                  Average surface  temperature .............–180°C (–292°F)One spin on axis ...............10.7 hoursOne orbit of Sun ....29.5 Earth yearsNumber of moons .................over 80Ice giantUranus’s pale blue colour is due to the methane in its atmosphere. Water and ammonia have also been detected in the clouds. The planet contains less hydrogen and helium than Jupiter and Saturn but has more rock and water.Uranus proﬁleDiameter .......................51,118 km                                  (31,763 miles)Average surface  temperature ........–216°C (–357°F) One spin on axis ..........17.2 hoursOne orbit of Sun ...84 Earth yearsNumber of moons ......................27Topsy-turvy worldUranus, the seventh planet from the Sun, was unknown to ancient astronomers, even though it is  just visible with the naked eye  in perfectly clear and dark skies.  It was discovered by astronomer William Herschel from his back garden in Bath, England, in 1781.     Uranus is similar to Neptune but has a paler blue, almost featureless face. Parts of its atmosphere are the coldest in the Solar System. Uranus generates very little  heat from within. It orbits on  its side – perhaps because it was “knocked over” by a collision  with another planet early in its history. Its extreme tilt gives it very long seasons.    Uranus has a faint set of rings, which were discovered in 1977. The planet’s moons are all named after characters in works by William Shakespeare or the  English poet Alexander Pope.Lord of the ringsThe second-largest planet and the sixth farthest from the Sun, Saturn shines like a bright yellow star. Even a small telescope will reveal its most famous feature: a magniﬁcent ring system. Despite Saturn’s size, it is only half as dense as Jupiter. Its clouds form less obvious bands than Jupiter’s, but ﬁerce storms blow up every 30 years or so, creating giant white spots.     Saturn’s largest moon, Titan,  has a dense atmosphere and an  icy surface with seas of liquid methane. The Cassini spacecraft went into orbit around Saturn in 2004. It released a probe, Huygens, that landed on Titan in 2005.Ring systemSaturn’s main rings are 360,000 km (220,000 miles) wide, yet they are only 10 m (30 ft) thick. A scale model of the rings made with a sheet of paper would be 3 km  (2 miles) wide. Beyond the main rings are hazy outer rings, photographed by Cassini while  the Sun was behind Saturn (below). Cloud layerAtmosphere (hydrogen, helium, and methane gases)Hot, liquid mantleCore of  silicate rockSATURNURANUS
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28 spaceTHE UNIVERSELunar mariaDark, ﬂat areas known as maria, or seas, are huge plains of solidiﬁed lava. Lunar layers  Like Earth, the Moon is made of different layers that separated out long ago, when its whole interior was molten. Lightweight minerals rose to the top, and heavier metals sank to the centre. The outermost layer is a thin crust of rock like the rock  on Earth. Under this is the mantle – a deep layer of rock that gets hotter towards the centre. The bottom part of the mantle is partly molten. In the Moon’s centre is an iron core heated to about 1,400°C (2,600°F) by energy from radioactive elements. Scientists think the outer core is molten but the inner core is squeezed solid by  the pressure of the rock around it.Grey surface The Moon’s surface is covered  in a layer of ﬁne grey dust a few centimetres deep.The Moon 
The Moon is Earth’s closest neighbour in space and looms larger than any other object in the night sky. Its cratered surface may be cold and lifeless, but deep inside the Moon is a gigantic ball of white-hot iron.Earth and Moon have existed together in space  ever since the Moon formed as the result of a  cosmic collision. It orbits around our planet keeping the same face towards us at all times. As we gaze  on its sunlit surface, we look at a landscape that has barely changed since 3.5 billion years ago. Back then, the young Moon was bombarded by asteroids. For millions of years they blasted out surface material and formed craters. The largest of these were  then ﬂooded with volcanic lava, creating dark,  ﬂat plains that look like seas.Man on the MoonAstronauts landed on the Moon six times during NASA’s Apollo programme from 1969  to 1972. They found a world of grey, dusty plains and rolling hills under an inky black sky. Below, an astronaut heads back to his rover vehicle parked near Camelot Crater (left), where he had been collecting samples. The large boulders were ﬂung out of the crater when it formed.Lunar cratersCraters exist all over the Moon.  They range from small bowl-shaped hollows a few metres wide to the vast South Pole–Aitken Basin, which is 2,500 km (1,600 miles) in diameter. Many craters, like Eratosthenes (above), have central hills that formed as the ground rebounded after the asteroid struck.How the Moon formed Scientists think the Moon formed as a result of a collision between Earth and a planet  4.5 billion years ago. The debris was pulled together by gravity and became the Moon.Impact  A planet smashes into Earth and blasts molten rock into space.Moon formation   A disc of debris forms. The particles slowly join to form a Moon.Moon proﬁleDiameter ........................3,474 km (2,159 miles)Average surface temperature .....–53°C (–63°F) Length of lunar day ......................27 Earth daysTime to orbit Earth .......................27 Earth daysGravity (Earth = 1) ...........................................0.17Phases of the Moon As the Moon orbits Earth, a changing amount of its face is bathed in sunlight. The different shapes we see are the Moon’s phases. One cycle of phases lasts 29.5 days.NEW MOONWAXING CRESCENTFIRST QUARTERWAXING GIBBOUSFULL MOONWANING GIBBOUSLAST QUARTERWANING CRESCENTNEW MOONThe far side The Moon keeps the same face towards Earth all the time. The face we never see – the far side – can only be viewed by spacecraft. Its crust is thicker and more heavily cratered than the near side. Elevation (height) maps reveal high and low areas of land.Height of ground            High                                               Low18days – the time it would take to ﬂy to  the Moon at the speed of a jumbo jet.South Pole–Aitken BasinSEA OF SHOWERS(MARE IMBRIUM)12Highlands
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29 Hadley Rille   A steep gorge named Hadley Rille cuts through ﬂat plains at the edge of the Moon’s Sea of Showers, winding for more than 100 km (60 miles). How it formed is a mystery, but it might be an ancient lava channel. In July 1971, the Apollo 15 astronauts drove their rover to the edge of Hadley Rille to take photographs and study it.The mantle gets hotter towards the centre.Inner coreA hot, 480 km (300 mile) wide ball of solid iron forms the inner core.Inner mantleHeat from radioactive elements has partially melted the inner mantle.Mantle The mantle is mainly solid rock and is rich in silicate minerals, which are common on Earth.HighlandsAll the Moon’s hills  and mountains are rims of craters or central peaks in craters.Outer coreThe outer part of the Moon’s iron core  is molten or partially molten iron. CrustMade of anorthosite rock, the Moon’s crust is about 48 km (30 miles) thick on the near side and 74 km (46 miles) thick on  the far side.Far sideThe Moon’s far side, which is not visible from Earth, is covered in craters and has no large maria (seas).Craters in craters On many parts of the Moon the craters overlap each other, the newer ones lying on top of older craters.Every year, the Moon drifts 3.78 cm (1.48 in) further away from Earth. SEA OF SERENITY(MARE SERENITATIS)SEA OF TRANQUILITY(MARE TRANQUILLITATIS)123312people have walked on the Moon.
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30 SPACE
EXPLORATION
Stars and planets have fascinated people since ancient times, but it wasn’t until the 20th century that exploring space became possible. In recent decades we have sent astronauts to the Moon, robotic spacecraft to the outer reaches of the Solar System, and used huge telescopes to peer across the vastness of the Universe.EXPLORING  THE PLANETSThe planets are too far for manned missions, so robotic spacecraft are sent instead. The ﬁrst to visit another planet was Mariner 2, a US craft that ﬂew past Venus in 1962. Since then, and despite a number of early failures, hundreds of spacecraft have visited the Solar System’s planets, moons, asteroids, and comets. Most spacecraft either ﬂy past or orbit their target, but some also release landers that touch down on the surface.Robot explorersRobotic spacecraft can visit places too far or dangerous for human beings. Launched into space by rocket, they travel vast distances across space and may take years to reach their target. There are various types of spacecraft, each suited to a particular mission.OBSERVING THE SKIES For centuries, astronomers have observed the heavens with their eyes alone or used simple telescopes that magnify the view. But the visible light we see is just one part of a much bigger spectrum of electromagnetic rays that reaches Earth from space. Stars and other objects also emit invisible radio waves, X-rays, infrared, and microwave rays. Modern telescopes can see all of these, and each type of radiation reveals something different. Infrared telescopesThese instruments, some of which are sent into space, detect the heat from objects such as clouds of  gas and dust.Optical telescopesUsing large lenses  or mirrors, optical telescopes gather faint visible light and can see much further than the human eye.Microwave telescopesMicrowaves are short radio waves. By capturing these rays, telescopes can see ancient radiation from the Big Bang.Radio telescopesHuge, curved dishes are used to focus radio waves given out by sources such as galaxies, pulsars, and black holes.X-ray telescopesThese telescopes capture high-energy rays from extremely hot objects. X-ray telescopes only  work in space. RADIOINFRAREDVISIBLEXRAYCapturing light Telescopes come in many different styles and designs, but basically all do the same thing: collect electromagnetic radiation from space and focus it to create an image. Earth’s atmosphere can block or blur the image, so some telescopes are located on high mountain tops or even launched into space.Mapping the stars Because Earth is surrounded by space, when we look  at the night sky, it seems  as though all the stars are pinned to the inside of a giant sphere. Astronomers call this the celestial sphere and use it to map the positions of stars and planets. Vertical and horizontal lines are used to divide the celestial sphere into a grid, just like the grid of longitude and latitude lines used to map Earth’s surface.Celestial  north poleThis is the  point directly above Earth’s North Pole.Celestial south poleThis is the  point directly above Earth’s South Pole.Declination linesThese split the sky into north–south segments.Celestial equatorThis imaginary line over Earth’s equator divides the sky into north and south hemispheres.Launch sitesMany countries have spaceﬂight launch sites. Sites closer to the equator can launch heavier cargo into Earth orbit, because rockets there are given a boost by the speed of Earth’s spin.World’s largest rocketsSaturn V, which sent astronauts  to the Moon, was the largest rocket ever built. Its Soviet rival, the N1, was launched four times but each attempt ended in disaster.ARIANE 4 (EUROPE) – 59 m (193 ft) tall LONG MARCH 2F (CHINA) – 62 m (203 ft) tallDELTA IV HEAVY (USA) – 72 m (236 ft) tall N1 (USSR) – 105 m (344 ft) tall SATURN V (USA) – 111 m (364 ft) tall FLYBY SPACECRAFTSome spacecraft observe a target as they ﬂy past it. NASA’s famous Voyager 1 and Voyager 2 ﬂew past several planets.ORBITERAn orbiter ﬂies around a planet repeatedly, giving it plenty of time to study its target. Orbiters have visited the Moon and all the planets except Uranus and Neptune.Baikonur, KazakhstanXichang, ChinaCape Canaveral,  USALAUNCH VEHICLESSpace is only 100 km (60 miles) above Earth’s surface and takes less than 10 minutes to reach in a rocket. Although the journey is short, it takes tremendous power to escape the pull of Earth’s gravity. Launch vehicles are built to make the journey only one time, and most of their weight is fuel.Right ascension linesThese divide the sky into east–west segments.MAJOR LAUNCH SITESMICROWAVEKourou,  French Guiana
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31 ATMOSPHERIC PROBEThis type of craft enters  a planet’s atmosphere. The  probe section of the Galileo orbiter dived into Jupiter’s atmosphere in 2005.LANDERSome craft can touch down on the surface of another world. In 1976, Viking 1 became the ﬁrst craft to successfully land on Mars.ROVERA rover is a robotic lander with wheels that can drive about. Rovers sent to Mars have studied its rocks for signs of ancient life.PENETRATORA penetrator is designed to hit its target at high speed and bury itself. In 2005, Deep Impact penetrated  the surface of a comet.Ultraviolet sensorMagnetometerInfrared sensorCommunication dishGeneratorAsteroid detectorPioneer spacecraftPioneers 10 and 11 made ﬂybys of Jupiter and Saturn. They are now heading out of the Solar System into deep space. Solar System missionsIn little more than 50 years, more than 200 spacecraft have left Earth’s orbit and headed off to explore the Solar System. More than half the missions have been to Earth’s nearest neighbours in space: the Moon and the planets Mars and Venus.SUNMERCURYVENUSMOONMARSASTEROIDSJUPITERSATURNURANUSNEPTUNEPLUTO01020304050607080Most visitedThis chart shows the number of spacecraft that have travelled  to the major bodies in the Solar System.SATELLITES Over 3,000 operational satellites orbit Earth, carrying out tasks such as beaming TV signals around the world, gathering data for weather forecasters, and spying for the military. Many thousands more pieces of space  junk – old satellites, discarded rocket parts, and debris from collisions – also circle our planet. The growing cloud of space debris is a hazard to spacecraft.Satellite orbits Some satellites are a few hundred kilometres above Earth’s surface, but others are much further. Some of the highest ones, such as weather, TV, and phone satellites, have geostationary orbits, which means they stay over a ﬁxed point on Earth. Satellites with lower orbits change position all the time.Geostationary orbit (communications satellites)Medium-Earth orbit (GPS satellites)Low-Earth orbit (International Space Station)Over 500,000 objects, including satellites and space junk, orbit Earth.LIVING IN SPACEAstronauts must adapt to a zero-gravity environment when living in space. Although ﬂoating weightlessly can be fun, it can also cause medical problems. Space stations are cramped places with few luxuries. Astronauts eat ready-made meals that are either freeze-dried or served in pouches. All water is recycled, including the water vapour  from human breath. Astronauts  clean themselves with special shampoos and soaps that don’t need water, and they use space toilets that suck away waste rather than ﬂushing with water. Effects on the bodyWhen the human body spends a long time in space, it changes. Without gravity pulling on the spine, the body gets about 5 cm (2 in) taller. Body ﬂuids that ﬂow downwards on Earth build up in the head. This gives astronauts swollen faces and blocked noses, making food seem tasteless. When astronauts come back to Earth, the return of full gravity can make them feel extremely weak.Brain and balanceWithout gravity, the inner ear’s balance system no longer works, which can make astronauts feel sick.HeartBlood ﬂows more easily, so the heart doesn’t need to work so hard. MusclesMovement is easy when you’re weightless, and muscles waste away if not used. Work-outs in the onboard gym help to stop this happening.BonesBones weaken and become less dense. Regular exercise is essential to keep them strong.Space stationsA space station is a crewed satellite –  a kind of orbiting laboratory in which astronauts and scientists live and work. The USSR launched the ﬁrst station, Salyut 1, in 1971. The USA soon followed with Skylab, in 1973. Russia’s Mir, in use from 1986 to 2001, was the most successful station until the USA, Russia, and more than 10 other countries joined forces  to build the International Space Station, in orbit since 1998. China is also building its own space station, Tiangong, the ﬁrst part of which was launched in 2021.INTERNATIONAL  SPACE STATION TIANGONG CHINAMIR USSRSKYLAB USA12 
years and 5 days –  the time it took the spacecraft Voyager 2  to reach Neptune from Earth.ORBITAL PERIOD20 HOURS15 HOURS10 HOURS5 HOURS
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32 spaceSPACE EXPLORATIONAstronomy
People have been looking up at the night sky and marvelling at  its beauty and mystery for thousands of years. Today, a whole branch of science – astronomy – is devoted to studying stars.Professional astronomers investigate not only stars but everything to do with space – from the meteors that burn up spectacularly as shooting stars in Earth’s atmosphere and the planets of the Solar System to distant galaxies billions of light years away. Astronomy makes a rewarding hobby too, and many amateur stargazers enjoy observing the night sky with backyard telescopes or binoculars. Whenever astronomers observe the sky, they are looking back in time. This is because light takes such a long time to reach us from distant objects in space. We see the Moon as it was one and a quarter seconds ago and the stars as they were hundreds of years ago.The sky at nightAncient stargazers named patterns in the stars after mythical beings and animals. These star patterns, called constellations, don’t look much like the objects they are meant to represent, but we  still use the old names. Today, astronomers divide the whole sky into 88 segments, each one named after the constellation within it. Star charts like the one here show which constellations are visible at a particular time and place. Some constellations are only visible  at certain times of the year. This chart shows the stars you can  see at midnight in January from the northern hemisphere.Star magnitudes−1012345SOUTHAstronomical calendarsMany monuments built by ancient peoples, such as Stonehenge in the UK, align with the Sun. These monuments may have been used as calendars  to determine midsummer for worship purposes.3000 b150 154316101687PtolemyThe Greek astronomer Ptolemy catalogued 1,022 stars in 48 constellations. He believed that Earth was the centre of the Solar System and Universe, orbited by the Sun, Moon, planets, and stars.CopernicusPolish astronomer Nicolaus Copernicus  used mathematics to propose that the Sun,  not Earth, is the centre  of the Solar System. It was a shocking idea as  it meant Earth must be ﬂying through space and spinning around.Isaac NewtonEnglish scientist Isaac Newton worked out  the laws of gravity – the force that makes objects fall to the ground. He discovered that gravity keeps the Moon in orbit around Earth and keeps the planets in orbit around the Sun.Galileo GalileiItalian scientist Galileo Galilei built a telescope  and used it to study the night sky. He saw spots on the Sun, mountains on the Moon, and four moons orbiting the planet Jupiter.A brief history of astronomyMany ancient cultures followed the  Sun and stars in order to keep track of the time of year. By Ancient Greek times, astronomers had already worked out that Earth is round. Today, powerful telescopes allow us to peer so far into space that we can look back in time almost to the birth of the Universe.1990Modern astronomyToday, space telescopes such as the James Webb Space Telescope, which was launched in 2021, give us breathtaking views of distant objects in space, including the furthest galaxies  ever seen.40trillion km (25 trillion miles) – the distance to the nearest star, Proxima Centauri.Orion the hunter   One of the best known and brightest constellations is Orion the hunter, which is visible the world over. Orion includes the red giant star Betelgeuse and the blue-white supergiant Rigel – two of the brightest stars in the night sky.Measuring brightnessThe size of the white spots  on the chart show how bright  the stars are. Astronomers call this magnitude and measure it on a scale that runs backwards – the smaller the number, the brighter the star.HorizonHorizonHorizon 20ºNEclipticRETICULUMCARINAVELAPYXISANTLIAPUPPISSEXTANSRegulusAlphardAdharaHYDRACANCERCANISMINORehive ClusterPolluxGEMINItorPICTORDORADOHOROLOGIUMCAELUMCanopusFORNAXPHOENIXERIDANUSSCULPTORCOLUMBACANISMAJORLEPUSSiriusMONOCEROSCETUS PISCESARIESHyadesElnathPleiadesTAURUSAldebaranAlcyoneDeneb KaitosBetelgeuseBellatrixAlnitakAlnilamMintaka2244ORIONProcyonM42M36M38RigelMiraArnebHamalHRigelBetelgeuseColoured circles on the star chart show the night sky  you can see from the  locations highlighted  in colour above.EarthLATITUDE 60°N40°N20°N
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33 GLOBULAR CLUSTEROPEN CLUSTERWESTEASTNORTHSeeing the invisibleProfessional astronomers don’t just use visible light to see the night sky. Their telescopes can also create images from wavelengths of light that our eyes cannot see, such as X-rays, radio waves, and infrared rays. The images below all show Kepler’s Supernova – the wreckage left by a giant star whose explosion was seen in 1604.Visible light imageVery little of the object can be seen in visible light, even in this image from the Hubble Space Telescope. The bright areas are clumps of gas.Infrared imageTaken by the Spitzer Space Telescope, this infrared image shows dust clouds that were heated by a shock wave from the exploding star.2,000The number of stars  visible to the naked eye.How telescopes workThe invention of the telescope revolutionized astronomy. A telescope collects more light from an object than a human eye can. It uses this light to form a magniﬁed image.  There are two basic types  of telescope: refracting and reﬂecting. The refracting telescope has a large convex (outward-curving) lens that gathers and focuses the light. The reﬂecting telescope uses  a curved mirror instead.LensEyepiece lens magniﬁes  imageFocal pointRefracting telescope  A convex lens bends light entering the telescope  to focus it, forming an image. At the other end  of the telescope, a smaller lens called the eyepiece magniﬁes the image.Light from starReﬂecting telescope  A concave (inward-curving) main mirror reﬂects light on  to a smaller, ﬂat mirror. The resulting image is magniﬁed by an eyepiece lens.Light from starFocal pointLight rays convergeMain mirrorSmaller mirrorEyepieceCassiopeia  This constellation is named after a vain queen in Greek mythology. It’s very easy to spot in northern skies as it looks like a wonky letter W.The Great Bear Ursa Major is named after a bear. The seven bright stars running from its tail form a famous group of stars known as the Big Dipper or Plough. The last two of these point to the Pole Star, which is always due north. In ancient times, sailors used this star to ﬁnd the way.Combined image Combining all three sources produces a complete image: a shell of supernova debris expanding into space at 2,000 km (1,240 miles) per second. X-ray image   This image of Kepler’s Supernova is from the orbiting Chandra X-ray Observatory. It shows  a cloud of incredibly  hot gas that emits high-energy X-rays.Horizon 20ºNHorizonHorizon 40ºNAlgiebaDenebolaLEOBeeCastLEO MINORANDROMEDATRIANGULUMCASSIOPEIADelta CepheiCor CaroliAlderaminEpsilon LyraeCEPHEUSDRACODenebLACERTACYGNUSCygnus RiftAlbireoLYRAHERCULESVegaPolarisKochabThubanCaphURSAMINORMizarDubheMerakAlcorCAMELOPARDALISLYNXPloughCORONA  BOREALISBOÖTESCOMABERENICESCANES VENATICIURSAMAJORAURIGACapellaPERSEUS8PEGASUSEpsilon AlgolMarkabAlpheratzAlmachMirachMirfakHaediAurigaeThe dotted white line running down the chart is called the ecliptic and shows the path of the Sun. The planets always stay close to the ecliptic.Star clusters are clouds of stars.On a clear, dark night you can see the Milky Way – the galaxy to which our Solar System belongs.2.5  million light years – the distance to the Andromeda  galaxy, the furthest object visible to the naked eye.Pole starPointersGALAXY
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34 spaceSPACE EXPLORATIONThe Saturn V rocket was taller than the Statue of Liberty in New York city.1million people travelled to Florida to watch the launch of Apollo 11 on 16 July 1969.Escape rocket(for emergencies during launch).Command ModuleAstronauts stayed in here during launch. Third stageThis stage reached low-Earth orbit and then put Apollo on course for the Moon.Lunar ModuleThe Lunar Module was housed in an aluminium cone.Single third-stage engineSecond stageThe second stage held a tank of liquid hydrogen fuel and a tank  of liquid oxygen.Second-stage enginesInterstage adaptorThis section linked the rocket’s ﬁrst two stages and also covered the second-stage engines.Five ﬁrst-stage enginesMission 
 
to the Moon
Humans have set foot on only one world beyond Earth: the Moon. Just 27 daredevil astronauts have travelled there, of whom  12 walked on its cratered, lifeless surface. Nine space missions visited the Moon between  1968 and 1972 as part of NASA’s Apollo programme. Each mission carried three American astronauts inside an Apollo spacecraft, which was launched  by a Saturn V rocket. Apollo 8 tested the craft as it orbited the Moon. Then, in a dress rehearsal prior  to landing, Apollo 10 ﬂew close to the lunar surface. While Apollo 13 went around the Moon, six missions successfully landed on the Moon. The ﬁrst of these was Apollo 11 in 1969. Astronauts Neil Armstrong and Buzz Aldrin touched down on the surface in  July of that year. As Armstrong took the ﬁrst historic step, he said, “That’s one small step for man, one giant leap for mankind.”21
hours – the length of time Apollo 11 astronauts Neil Armstrong and Buzz Aldrin spent on the Moon. Apollo 17 astronauts spent three days on the lunar surface.ThrustersSmall thrusters made ﬁne adjustments to the Apollo spacecraft’s movements.AstronautsThe crew of three stayed in the Command Module for most of their journey to and from the Moon.Command ModuleThe Command Module was the only part of the Apollo craft to return to Earth. Its conical shape helped it withstand the heat of re-entry into Earth’s atmosphere. Apollo spacecraftThe Apollo spacecraft had three parts: the Command, Service, and Lunar modules. These were all linked together for the 400,000 km (250,000 mile) trip to the Moon. Once there,  the Lunar Module took two astronauts down  to the Moon’s surface, while the third crew member remained in lunar orbit in the combined Command and Service Module (CSM). The top half of the Lunar Module, known as the ascent stage, later returned the two astronauts to the CSM for the journey back to Earth.Fuel tanks Tanks within the Service Module supplied fuel to the main engine.Service ModuleThis module powered the Apollo spacecraft.Engine nozzleNozzle for the  main engine, which propelled the Apollo craft through space.Saturn V rocketThe Apollo astronauts were blasted into space inside the nose cone of the largest rocket ever built: Saturn V. Standing nearly 111 m (364 ft) high, the Saturn V was as tall as a 30-storey building. This giant launch vehicle consisted of three rockets in one. The ﬁrst two parts, or stages, lifted the Apollo craft into space, and the third stage set the spacecraft on course for the Moon.Service ModuleThis module provided life-support systems and power for the crew, and housed the Apollo craft’s main engine.Interstage adaptorCovering the third-stage engine, this section linked the rocket’s second and third stages.First stage fuelThe ﬁrst stage had a tank of kerosene fuel and a tank of liquid oxygen to burn it. The ﬁve engines burned 15 tonnes of fuel per second during the launch.Instrument unit
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35 Beef, potatoes, and grape juice – the ﬁrst meal eaten by the Apollo 11 astronauts in space. 300The total number of hours that astronauts have spent on the Moon. 382kg (842 lb) of lunar rock and soil were brought back by the Apollo astronauts. Ascent stageThe ascent stage of the Lunar Module was the astronauts’ home while they explored the Moon.There and back Each of the six Apollo missions that landed men on the Moon took the same route, taking off from Florida, USA, and ending with the astronauts splashing down in the Paciﬁc Ocean. 1 Saturn V rocket carrying Apollo craft blasts off and  positions craft in Earth orbit.2 The rocket’s third stage and Apollo craft leave Earth orbit and head towards the Moon. 3 Combined Command and Service Module (CSM) separates from the rocket.4 CSM turns and docks with Lunar Module. Third rocket stage is now discarded. 5 Apollo craft adjusts its course to go into lunar orbit.6 Lunar Module transports two astronauts to lunar surface.7 Third crew member continues to orbit the Moon in CSM.8 Ascent stage of Lunar Module takes astronauts back to CSM, Leg ladderAstronauts used the ladder to climb down to the lunar surface.Descent stageThis bottom half of the Lunar Module acted as the launch platform when the top half blasted off back into space. The descent stage stayed on the Moon.Fuel tankThis tank contained fuel for the Lunar Module’s descent engine.Descent engineThis engine was used to slow down the Lunar Module’s descent during landing.Gas tanksThe larger tank contained helium; oxygen was held in the adjacent smaller tank.The trip from Earth to the Moon took about three days.121231041157689Legs and padsFlexible legs with wide pads  on the bottom cushioned the Module’s landing and kept it stable on the surface.Man on the MoonThe Lunar Module was the only part of the Apollo craft to reach the Moon’s surface. Pre-programmed controls manoeuvred it into position above the landing site, then an astronaut steered the craft to touchdown. Scientiﬁc equipment, a TV camera, and tools and storage boxes for rock collecting were all stored in the bottom half. HatchThe astronauts climbed through a hatch to go outside.Sensing probeProbes on the legs touched the ground ﬁrst during landing and sent signals  to shut down the engine.after which it is discarded. 9 CSM adjusts its course and heads back to Earth.10 Service Module is jettisoned.11 Command Module enters Earth’s atmosphere. 12 Command Module makes a parachute landing in the sea. Landing sitesThe Apollo landing sites were on the side of the Moon that faces Earth.Docking tunnelAstronauts used this tunnel to move between the Command and Lunar Modules.
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