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Space is big. Really big. 
You just won’t believe 
how vastly hugely 
mind-bogglingly big it is.
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Douglas Adams, 
The Hitchhiker’s Guide to the Galaxy












Introduction


We are all space travellers. We might not think it, but even when going to the shops, playing football or just sitting watching TV, we’re racing through space. The Earth moves around the Sun and rotates on its axis extraordinarily fast. We don’t notice these speeds due to gravity holding us down and everyone and everything around us moving at the same rate.


Although we are moving quickly, it still takes 365 days to go once around the Sun. Earth and the other planets form part of the Solar System, named after our own star: Sol, the Sun. As the Sun is so massive, its gravity keeps all the planets and asteroids in orbit around itself, even though the furthest objects are billions of kilometres out.


While it might seem big – and it is pretty big – the Solar System is tiny compared to the Milky Way, the collection of billions of other stars known as our galaxy, where it is located. And the Milky Way is small compared to the rest of the universe, which contains billions of galaxies. In these galaxies are many stars. It is estimated there are 70 billion trillion stars in the universe. That’s a seven with 22 zeros after it, or 70,000,000,000,000,000,000,000. Words can’t convey just how big it is.


Because space is so large, there is much to find out. With voyages planned to take more humans to the Moon and eventually to our nearest planetary neighbour Mars in the near future, now is the perfect time to learn all about space.




Where Does Space Begin?


There is no strict definition, but some people take space as beginning beyond the Kármán line, at 100 km (62 miles) above the Earth, while NASA and others use a lower altitude of 80 km (50 miles).












Distance to the Planets


As we know, the Solar System is big. To get an idea of just how big, we can go on a journey at the speed of light, measured at 299,792 kilometres (186,282 miles) per second.


If you were in a spaceship travelling at this speed, heading outwards from the Sun, it would take just over three minutes to reach Mercury, another three minutes to reach Venus, then two and a third minutes to reach Earth. Four minutes after departing Earth’s environs, Mars would be encountered.


After the four inner planets, distances and times increase markedly. We have to travel half an hour to reach the gas giant Jupiter. To get to Saturn it’s another half an hour. Eighty minutes on and we are at Uranus. We arrive at the last planet, Neptune, after another hour and a half’s space travel.


To give an idea how far away the stars are, it would take us over four years to get to Proxima Centauri, our nearest star.
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Chapter 1
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Welcome to Space


From an early age we’re introduced to space, whether it’s listening to the lullaby, “Twinkle, Twinkle, Little Star”, or having crescent-moon lights in our bedrooms. As we grow older, we learn in school about the Solar System. As adults we are aware of coming home under a full moon and seeing sharp shadows on the ground when the sun has long set.


But how did all this magnificence start? Where did it come from? The fascinating story of how the universe of galaxies, stars and planets was created is the result of centuries of scientific observation. The path to knowledge has not always been smooth and theories remain a source of discussion and debate. For instance, one object in our night skies, Pluto, is no longer regarded as a planet, but why was it demoted?


One thing for certain is that more powerful telescopes and more advanced robotic spacecraft will only add to our knowledge about space. We can only wonder what new discoveries will be unveiled.












The Big Bang and the Beginning of Space as We Know It


The Big Bang is the theory widely accepted as explaining how the universe began. About 13.8 billion years ago a hot, highly condensed mass of energy called a singularity exploded, throwing out all the material that makes up our universe today. The explosion created time and space, where the universe could then exist.


At the beginning, the matter was in the form of very small particles. As it cooled, hydrogen and helium atoms were formed. Gravity caused these to come together and eventually form stars and galaxies. More elements were formed in the stars, which then produced planets and moons and, eventually, all forms of life.


Scientists believed that the universe was static until in 1924 the American astronomer Edwin Hubble discovered it was in fact expanding. Later theories emerged stating that the universe might one day begin to contract, leading to an event known as the “Big Crunch” (and then another “Big Bang”). However, the current consensus is that the expansion is actually accelerating – due to dark energy – so this theory is now thought less likely to be correct.









Timeline
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Life of a Star


Stars are born every day somewhere in the universe. They follow two main life cycles:
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The Milky Way


The Milky Way is our galaxy, one of around 125 billion in the universe. It contains anything from one hundred to four hundred billion stars (scientists’ estimates vary), our Sun being just one of them. All the stars we can see in the night sky are in the Milky Way, which until galaxies were detected in the twentieth century was thought to be the extent of the universe.


The Milky Way is vast: 100,000 light years across. Which means even if you could build a spaceship that could travel at light speed, it would take 100,000 years to make the journey.


The Milky Way is a spiral-shaped galaxy, with stars and dust and gas clouds all orbiting the centre. There are two major “arms” (Perseus and Scutum-Centaurus) and two minor arms (Norma and Sagittarius). The Sun is located in a spur called Orion, about 25,000 light years from the centre, around which it makes one complete orbit every 250 million years or so.
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When you look at the stars and the galaxy, you feel that you are not just from any particular piece of land but from the Solar System.
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Kalpana Chawla, astronaut









Our Solar System


The Solar System contains all the planets and other objects that orbit the Sun – sol being Latin for sun. The system consists of four inner, rocky planets (Mercury, Venus, Earth and Mars); two outer, gas giant planets (Jupiter and Saturn); two outer, ice giant planets (Uranus and Neptune); and five dwarf planets (Pluto, Ceres, Eris, Haumea and Makemake).


Between Mars and Jupiter is the Asteroid Belt, where almost two million asteroids bigger than 1 km (0.6 miles) are located. At the very far reaches of the Solar System are three huge areas: the Kuiper Belt and the Scattered Disk, consisting of millions of icy or rocky objects; and further out the Oort Cloud, containing trillions of objects, including comets. These take many years to complete their elliptical orbits, some of which are angled far above the flat plane of the Solar System. Comet C/2013 A1 Siding Spring’s orbit lasts over 740,000 years, while the most well-known comet, Halley, takes a fairly rapid 76 years. 


The Solar System’s outer edge might be halfway to our nearest star system, Alpha Centauri.









The Sun


The Sun is composed of gases, with three-quarters being hydrogen, the rest mostly helium, created through nuclear fusion. This fusion produces enormous amounts of energy and the Sun is therefore very, very hot. Temperatures near the surface (the photosphere) reach around 5,700°C (10,300°F), but these are dwarfed by those of the corona (the outer part of the atmosphere), which has been measured at more than 10,000,000°C (18,000,000°F). The Sun is also big: 1,400,000 km (864,000 miles) in diameter, over a hundred times that of Earth. The Sun contains 99.8 per cent of all the mass in the Solar System.


Without the Sun there would be no life on Earth, as it provides us with the heat and light essential for life to exist. This reaches us via electromagnetic radiation in the form of infrared (invisible to humans), which gives us the heat, and visible light. Also received are ultraviolet rays, which are harmful to humans; most of them are captured by the Earth’s atmosphere, though the ones that do reach the surface can cause sunburn. Light from the Sun takes 8 minutes and 20 seconds to reach Earth, despite travelling at the speed of light.
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Type: Rocky, inner


Diameter: 4,880 km (3,032 miles)


Average Distance from Sun: 58 million km 
(36 million miles) 


Moons: 0


Name origin: Roman messenger to the gods


Mercury is the smallest planet in the Solar System, not much bigger than Earth’s Moon. Despite being closest to the Sun, it is not the hottest planet; that honour belongs to Venus. During the day, temperatures on Mercury can reach 430°C (800°F) but drop to –180°C (–290°F) at night.


This small planet has an elliptical orbit, ranging 47–70 million km (29–43 million miles) from the Sun, and it’s a fast one: Mercury is the speediest of planets, orbiting at over 170,000 km/h (106,000 mph). This results in an orbit of the Sun in 88 (Earth) days though its “day” – the time for it to rotate around its own axis – is 59 (Earth) days. Due to its unusual orbit and rotation, if you were on Mercury’s surface the time between one sunrise and the next would be 176 days.


In appearance, Mercury is similar to the Moon, with a heavily cratered rocky surface. The biggest impact basin – a crater larger than 250 km (155 miles) across – is called Caloris, at 1,550 km (960 miles) in diameter, and was caused by the impact of an asteroid millions of years ago. Water ice has been found in deep craters on the planet’s poles, probably from asteroids or comets.


Features such as craters on Mercury are named after artists, composers and writers, and include:




	Angelou (American writer Maya Angelou)


	Brontë (English writers and artists Charlotte, Emily, Anne and Branwell Brontë)


	Burns (Scottish poet Robert Burns)


	Plath (American poet Sylvia Plath)


	Tolkien (English writer J. R. R. Tolkien)


	Travers (Australian-British Mary Poppins writer P. L. Travers)


	Van Gogh (Dutch artist Vincent van Gogh)


	Vivaldi (Italian composer Antonio Vivaldi)
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Type: Rocky, inner


Diameter: 12,104 km (7,521 miles)


Average Distance from Sun: 108 million km 
(67 million miles)


Moons: 0


Name origin: Roman goddess of beauty and love


Venus is similar in size to Earth but is a much more inhospitable place. Clouds containing sulphuric acid envelop the second planet from the Sun, trapping heat and making it the hottest planet in the Solar System. Temperatures on the surface reach 471°C (880°F) – hot enough to melt lead. Coupled with this are enormous atmospheric pressures – 90 times those experienced on Earth. Venus does have an atmosphere, but it’s not able to sustain human life. Carbon dioxide makes up the vast majority (96.5 per cent), with nitrogen and other trace gases making up the rest.


Measurements of the Venusian atmosphere have come from robotic spacecraft, some of which were put out of action by this hostile environment. The first landing was in 1970, when the Soviet Union’s Venera 7 transmitted information for less than an hour after free-falling to the surface when its parachute failed. Probes have also been able to send back photographs of the rocky surface, previously hidden from view by clouds; the Soviet Union’s Venera 9 was the first to do so. Parts of this landscape are under constant change due to volcanic activity caused by the tens of thousands of volcanoes on Venus. At 8 km (5 miles), Maat Mons is the highest of these, and it also stretches 200 km (124 miles) across the planet’s surface. The highest mountain is Maxwell Montes which, at 11,000 m (36,000 ft), is over 2,000 m higher than Earth’s Mount Everest.
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