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  That is a very, very good question. One that most people dont bother to ask.


  The Universe is all there is. Literally.


  EVERYTHING. All of it.


  It contains everything from vast galaxies, stars, black holes, planets, moons, oceans, rivers, lakes, land masses
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  . . . plus every single life-form that lives on (or in) them. [image: ]
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  Yep. Everything. The word universe comes from the Greek, meaning all together or turned into one. And as far as we know
  theres nothing beyond it. Cosmologists reckon its billions of light years across and, since its still expanding, its getting bigger every day.


  We also know that its around 13.7 billion years old, and began life in a huge explosion of matter and energy known as the . . .
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  (They must have been up all night thinking up the name for that one.)


  Before that there was nothing. No matter, no energy . . . no Space, even. The Bang created all these things as it went.
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  BIG NUMBERS ALERT!


  We know that the Universe contains over 100 billion galaxies. Within each galaxy at least 70,000 million million million (or 70 sextillion) stars happily twinkle. Well, not so
  much twinkle as BURN.


  Stars burn?


  Yep. And, whats more, they burn brighter and hotter than anything on Earth. Stars, weve discovered, are not little twinkling dots in the dark curtain of the
  sky.
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  They are massive, ball-shaped nuclear reactors  giant spheres of hydrogen and helium gas burning and exploding with energy from nuclear reactions going on within
  them.


  Yikes. That sounds a bit scary, actually. Massive nuclear reactors. Like . . . how massive?


  Well, our own star  the Sun  is roughly 109 times wider than the Earth, and 330,000 times heavier. And thats not even one of the big ones. Some stars are
  100 to 1,000 times wider again. They can get so massive, in fact, that they collapse in on themselves, then rebound with an explosion that burns a billion times brighter than the Sun 
  leaving behind an enormous, invisible hole in Space from which nothing can escape. Whats more, a monstrous black hole like this could lie at the centre of our own galaxy, the Milky Way.
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  But how do you KNOW all this stuff? I mean, its not like you can jet about in Space with a huge ruler, measuring the stars and the distances
  between them, is it?
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  Again  great question. The answer is: we use science.


  Science isnt just a collection of clever facts and figures. Its a way  an incredibly clever and useful way  of figuring things out using not only
  careful measurements, but also theories, tests and experiments. So while . . .
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  they can measure the light that comes from them, using telescopes and other instruments. Believe it or not, they can then use that light (together with some scientific theories
  and a bit of maths) to figure out all sorts of things about the thing it came from. Like how large, how far away and what kind of star it is. Often they can even tell what its made of and
  how old it is  all from one tiny speck of light! Like police detectives working with tiny scraps of evidence, scientists can piece together an entire story from bits and pieces that seem to
  mean nothing.
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    Early Greek astronomer and mathematician Erastosthenes (276195 BC) successfully calculated the width and circumference of the Earth, the tilt
    of the Earths axis and the distance from the Earth to the Sun, all without telescopes or other modern scientific instruments.


    His crack at the Earths circumference was 250,000 stadia, or about 39,700 kilometres. The real figure, we now know, is around 40,000 kilometres. Not too shabby for a scientist working
    2,000 years ago!

  


  Hmmm. So science is like detective work? Never thought of it like that before . .


  Right. And thats what makes science such an exciting and powerful thing to learn about. Its not just a collection of facts to be learned. Its a method. And
  you can use it yourself to find out more about the world around you, just as working scientists do every day. Well be doing plenty of that, and discovery and detective work, right here.
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  Well kick off with a look at astronomy itself. Well see when and where it began, and how it developed to a science that has allowed us to send men to the Moon,
  roving robots to Mars and Space probes to Saturn and beyond.


  From there, were off on a whirlwind tour of our own solar system, complete with planets, moons, comets and asteroid belts. Well learn what Saturns rings
  are made of, why Uranus rolls sideways around the solar system and why poor old Pluto doesnt get to be a planet any more.
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  If that sounds like fun to you, then grab your Space boots and star map, as were off to get Space SORTED!


  


  ITS IN THE STARS


  What is astronomy?


  Astronomers study the stars to increase our knowledge of the Universe.


  So how far back does all this stargazing go?


  You might be surprised to find out that the roots of astronomy go waaaaay back, and that people all over the world have been stargazing since ancient times.


  But how did they do it without telescopes and instruments and stuff?


  Well, well get to that in a minute. But basically they started by just looking at the stars, and spotting patterns in the sky that would tell them things.
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  Like what kind of week they were gonna have, who they would meet and stuff like that? Like reading the stars in the paper? My mum does
  that.


  Ah. Not quite. Thats not really astronomy, you see  thats astrology.
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  Where did the first astronomers come from?


  Lots of cultures helped to develop it. The ancient Babylonians, Egyptians and Greeks had perhaps the first advanced stargazing systems, while in the Middle Ages scholars in Asia
  and the Middle East made huge contributions to astronomy as a modern science.
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  The Babylonians lived over 5,000 years ago. They were very skilled mathematicians, and they kept detailed records of sunrises and sunsets that allowed them to construct
  some of the worlds first calendars.


  
    [image: ]

  


    The Egyptians charted star constellations and built their magnificent pyramids to line up, at certain times of the year, with the stars positions in the sky.
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    In the first century AD, the ancient Greeks were coming up with models of how the Sun, Moon, planets and stars moved around. And while they
  werent quite right  more about that in a minute  they did pave the way for better attempts (and more accurate models) later on.
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    Chinese astronomers created some of the worlds first whole-sky star maps, and kept measurements accurate enough to build clocks, predict eclipses, track comets and
  more.

  
  So did they just figure all this stuff out for themselves?


  Yes and no. While the ancient Babylonians and Egyptians probably kicked it all off, the Greeks borrowed and improved upon their ideas. And, later still, the Arabs gathered
  together works from ancient Greece and China and added knowledge of their own. Not many people know it, but we owe much of our astronomical knowledge to the Arab peoples.


  Why did people think the Sun went around the Earth? Were they stupid or something?


  For a while, an Earth-centred solar system was easier to imagine and seemed to make more sense. After all  the Sun and Moon seemed to move across the sky and around the
  Earth, and the Earth didnt seem to be moving through Space, so why not put it in the middle?


  These days, astronomers know a lot about Space, stars, solar systems and planets. You probably know quite a bit about them yourself. Lets find out.


  
    The astronomical Arabs


    In the Islamic world, the tribes and peoples had their own long history of stargazing. This was, at first, partly for navigating the deserts where they lived (which had few
    landmarks on the ground, but countless ones overhead in the cloudless, starry skies). But later it was for judging the right time and direction to face for Islamic prayer times.
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    The Islamic scholars translated ancient Greek writings, and adapted their ideas and instruments to produce calendars and star-charts of their own. Scholars like Abd Allah
    Muhammad Ibn Jabir Sinan al-Battani wrote and rewrote many important works on astrology, and started to draw out the differences between astrology, used for fortune-telling, and astronomy as a
    pure and accurate study of the heavens for its own sake. It was this idea  and these works  that went on to influence the European scholars who later popularized
    astronomy as a modern science.

  


  Have a look at the four sentences below, and think about how you would respond to hearing them.
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        The Sun is in the middle of our solar system.
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        The Earth and all the other planets move around it.
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        The Earth also spins or rotates on its own axis, making one full turn per day.
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        This makes the Sun, Moon and stars seem to rotate or move across the sky.

      
    

  


  Now  what was your response to each one? Was it:


  a) No way. Dont believe you.


  b) Really?? I had no idea . . .


  c) Duhhhhhh. Tell me something I dont know.


  Duhhhhhh!!


  Everyone


  knows


  the Earth


  goes around


  the Sun.


  So (c).


  
    [image: ]

  


  Right. Almost everyone these days would answer (c). All this seems pretty obvious to us now.


  But it wasnt always that way.
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  But thats just stupid! Werent very clever, these scholars, were they?


  Well, all this might seem strange (or just plain daft) now. But if you think about it, these ideas kind of make sense.


  Eh?


  After all, each day, the Sun rises in the east, moves across the sky, and sets in the west. So does the Moon  although we cant always see it doing so.
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  And if you watch the stars at night for long enough youll notice that they seem to move too. So it really looks like everything is circling us, and that
  were staying still.


  And if you really think about it, unless someone told you the Earth was spinning and circling, why would you think it was?


  Errr . . . Im not following you. What do you mean?


  Think about it. You cant feel the Earth moving. So wheres your evidence for it?
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  Hmmm. Now that I think about it . . . youre right.


  And this is roughly what people argued for most of astronomical history. And part of the reason why few people believed that the Earth went round the Sun (and not the other way
  around) until about 400 years ago.


  People believed that? For that long?


  Yep. That long. After the . . .
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  . . . was suggested by Aristotle, Ptolemy and other scholars in ancient Greece, it stuck around for more than a millennium.


  While a few people (even in ancient Greece) argued otherwise, they were soon shouted down by other scholars and religious leaders. As a result, almost no one believed in a
  Sun-centred solar system  right up until the sixteenth century.


  Why? What happened then?


  It was then that the real battle for the stars would begin. A battle that would change the course of scientific history. And the battleground was Europe.


  Are you sitting comfortably? Good. Then lets begin the tale . . .


  
    [image: ]

  


  
    [image: ]

  


  All right, so it wasnt that long ago. And it was . . . well . . . right here. This galaxy. This planet.


  GET. ON. WITH. IT.


  Sorry. Now where was I? Oh, yeah. (Ahem.)


  The battle for the stars raged between two camps.
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  But it wasnt easy. As with most wars, each side believed their ideas made the most sense, and neither army was giving up without a fight. Heroes emerged on both sides of
  the battle, and there are too many to tell of them all. But here are some of the big names and big thinkers who helped to start, fight and settle the argument.
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  Aristotle: the Earth and the heavens


  Aristotle (384322 BC) was a Greek philosopher and all-round genius. He not only studied and wrote some of the
  earliest works on astronomy, physics and biology, he was also a musician, a poet and a politician. He set the tone for the whole astronomical argument by offering a clever  and very popular
   explanation of how the Sun, planets and stars fitted together.


  To Aristotle, the Universe was divided into two major bits 
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  The Earth, where we live, was imperfect and a bit disordered. But the heavens 
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