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y
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is
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ur
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un




ded 


b




y




 this distant 


bubble o




f




 ic




y 




ob




j




ect




s




 The Sun is one


o




f




 about 800 




mi






ll






io






n






st






ar






s 






in






t






hi






s




section of space


T




h




is is our ga




l




axy – 




a




 




gr




oup o




f




 at least 


100 




b




i




ll




ion stars


an




d




 100 




b




i




ll




ion


ot




h




er p




l




anet




s




Sma




ll




 




pl
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trave




ll




i




ng




 aroun




d




 


a mi
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e-age




d




 


star ca




ll




e
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 t




h
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Su




n


Seven other


planets also spin 


aroun




d




 t




h




e Sun,


a




l




ong wit




h
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d




s,




c




omets and dwa




rf






 




p




l




anet




s






If found






please






return this






book to:






The Earth






Solar System






Oort Cloud






Orion Arm






Milky Way






Local Group






Virgo Supercluster






Laniakea Supercluste






r






The Universe

















Beyon




d




 t




h




ese 


superc




l




usters, t




h
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Un






iv






er






se
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on






ta






in
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a




t least 2 trillion
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h
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ga






l
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Introduction


Imagine floating in


space, with no forces acting 


on your body. Your muscles 


are completely relaxed and 


there is no sound, except 


for a small hum from a pump 


sending oxygen into your 


spacesuit, keeping you alive. 


It’s the most peaceful


feeling imaginable.
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Over one shoulder you see a 


beautiful planet, full of colour: 



blue oceans, white clouds, orange deserts and green forests. 


That’s Earth. That’s where you were born. The planet itself looks 


alive – electrical storms light up the night sky, volcanoes leave 


trails of smoke, 


swirling hurricanes form over warm 



oceans


 and the eerie lights of the aurora dance over the poles. 


It’s comforting to look at. It’s home.


You look over the other shoulder. It’s black. In fact, it’s the 


blackest black you have ever seen. It’s so dark you feel like you 


are falling into it, being sucked towards an 


infinite black 


universe


. It’s not comforting to look at. In fact, it’s quite scary.
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As you effortlessly orbit the Earth you pass from daylight 



to night. The Sun quickly sets and suddenly the Universe comes 


alive. Stars appear over the horizon and you can see the familiar 


planets of Venus, Mars, Jupiter and Saturn. Hundreds of billions of 


stars now come into view, shining their pinpricks of light through 


the blackness. 


Your mind is trying to make sense of what you are seeing. 


On the one hand, looking out into endless space, you feel so 


incredibly small, so insignificant. 
















11


After all, 


your planet is just a small lump of rock orbiting a 



very ordinary star.


We call that  star ‘the Sun’ like it’s something special. But in fact 


the Sun is simply one of at least 


100 billion stars that make 



up the Milky Way – a very average-sized galaxy, and one of an 


estimated 


2 trillion galaxies that exist.



The Earth and all its neighbours orbiting the Sun – our entire solar 


system – could be


 snuffed out and, frankly, the Universe 



would barely even notice the difference.


Or would it?















To answer that, the first thing we need to do is travel back in time. 


So jump in, 




h




o




ld




 on tig




h




t, win




d




 t




h




e c




l




oc




k




 




b




ac




k




 


13.8 billion 




y




ears


. A




ll




 t




h




e way to t




h




e 




b




eginning, an




d




 t





h




en pop 





b




ac




k




 just a 


little bit further. Things are going to get pretty weird, because 


where we are 




g




oin




g




 it seems that absolutely 




N




OTHING exists. 
















No light.


No sound.


No time.


No space.


No school.


Just, yes – you got it . . . 


NOTHING.
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So . . . just what happened to turn that nothing into 


SOMETHING?



Well, just as you might keep a diary of all the things you’ve done 


in your life, so the Universe has left a record of how it began and 


how it’s changed over time. Every time you look up at the stars you 


look into the past, because those stars are so far away that 



their light takes thousands, millions or even 


billions of years 



to reach us. With telescopes we can see further out into space – 


further back through time. If we know what we’re looking for we 


can see all the way back to the Universe’s beginning . . . and work 


out how it might finish up.


This book is a cosmic diary of our incredible Universe, but in a way 


it is 


YOUR diary. So, it doesn’t matter if you peek inside and read 



a bit . . . right? 


It’s time for the Universe to 


reveal its secrets.


 


So let’s take a peek!


Look out for the symbol


Whenever you see it, you’ll 


learn more about a cosmic 


curiosity! 
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Far-out facts about the cosmos 


are brought to you by: 


Particle Physicist: 


Malika




H




i, I’m Malika, and I’m a 


Particle ph




y




sicist! You ma




y




 


not have heard of ‘




P




articles’ 




b




efore, but the




y




 are tin




y




 


pieces of somethin




g




. I stud




y






 




the tiniest buildin




g




 blocks 




o




f




 






m






a






t






t






e






r






 




(




t




h




e






 






s






t






u




ff




 






t




h




a






t






 




everythin




g




 in the Universe 


is made of), and I hel




p




 to 


develo




p




 and test theories 


a




b




out 




h




ow t




h




e Particles










 




b






e






h






a






v






e






 






a






n






d






 






i






n






t






e






r






a






c






t






.






 




Particle physicists are really 


important to understandin




g




 




h




ow our 




U




niverse came to 




b




e




!
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Cosmologists: Ben and Ciara 


Hello, I’m Ciara. And I’m Ben. We 


are both cosmologists! Our job is to 


explore and investigate the nature of 


the Universe. We study the creation 


and evolution of our cosmos and try to 


predict and understand what the future 


of the Universe will be. Cosmologists 


use and interpret data a lot. We look 


forward to explaining facts about the 


cosmos to you! 


Astronaut Tim 


Hi there, Tim here! I’m an astronaut 


for the European Space Agency (ESA), 


and I was the first British astronaut 


to visit the International Space Station 


(ISS). During my six-month mission on 


the ISS, I conducted a spacewalk, 


ran the London marathon from 


the space station’s treadmill, 


took part in over 250 scientific 


experiments and engaged with more 


than 1.6 million schoolchildren in over 


30 scientific projects. It’s great to see 


you here, and I look forward to 


explaining more about 


space as you 


read on!















1
























BANG!






I’M HERE!
































2




1


Today began a bit weirdly when, all of a sudden, I just POPPED 


into existence! Call it what you want — ma




g




ic, or a miracle, or some 


mysterious 




l




aw o




f




 nature — 




b




ut one minute t




h




ere was not




h




ing an




d




 


then there was something . . . 


And boy, did I create 




HAVOC




 on my arrival




.






I




 




b




urst in on t




h




e scene as just a mega-u




l




tra-super-teeny-weeny 




s




peck and then grew at least a gazillion times larger in just a tiny 


fraction of a second. 















Put another way, that speck of the Universe was infinitesimally small 




—




 an




d




 expan




d




e




d




 in an in




f




initesima




ll




y s




h




ort space o




f




 time




!




 




A




n




d




 guess 




w




hat? That infinitesimally short space of time was actually the 




b




eginning of space and time. Now I can stretch out and grow older. 




All




 in a




ll




, t




h




at




'




s a pretty impressive start to my existence. 




A




n




d




 




I




 t




h




in




k




 




I




'm 




g




oin




g




 to be around for a 




                     time . . .






l






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






o






g
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Y




ou were born here on the Earth. You’re one of the planet’s roughl




y 




8 billion human bein




g






s




. But how did you end up on this 


planet? How did this planet 




g




et here and why is it orbitin




g




 a star, 


in a spiral arm o




f




 a galaxy called the Milky Way, in a 




f




ar-




f




lung 


corner of what we call the Universe




?




The reason 




f




or it all lies back at the very 


be




g




innin




g




 of tim




e






. 




Try really hard to ima




g




in




e




NOTHING. Now ima





g




ine that all o




f




 a


su




dd




en somet




h




ing 




h




appene




d




. 


Something INCREDIBLE happened.


Imagine 




f




loating around surrounded by absolute NOTHINGNESS 




a




n




d




 




t




h




e




n 




a




ll 




o




f 




s




u




dde




n – 




BAM




 –  a universe appears out o




f




 


n




o




w




he




r




e!




 


This moment o




f




 creation has become known as the BI





G




 BAN




G






.




 


It actually wasn’t that bi




g




 and there was no ban




g




, because there




 




was nothin




g




 for any sound to travel throu




g




h. But to be fair, it was


still a pretty impressive be




g




innin




g




. 


Wi




t




hin 




0




.




000000000000000000000000000




00000001




 






s






e






c






o






n




d




s




 the Universe went 




f




rom being a tiny, 


hot, dense speck man




y




 billions of times smaller than the full stop 


at the end of this sentence to somethin




g




 the size of a 




g




rapefruit. 
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That might not sound like much, but it




’




s basically the same as a 




m




ar




bl




e expan




d




ing to 


1




0




 milli




o




n 




t




im




e




s the width of the Milk





y




 


Way in a tiny fraction of a second.


This is known as


cosmic inflatio




n




.




U




tterly mind-boggling, isn't 


it




?




 




C




osmo




l




ogists 




l




i




k




e me are 




h




ere to ex




p




lore and ex




p




lain 


the nature of the Universe,




 




and — I must tell you — we 




s




truggled to make sense of 




cosmic inflation for many 






y




ears. The rate of ex




p




ansion 




w




as so great and happened 




s




o quickly that it appeared 


to exceed the speed of ligh




t






 




— a universal speed limit that 


cannot be broken. 















However, some bri




g




ht spark 


realised that this s




p




eed-of




-




light limit does not apply to the 


ex




p




ansion of s




p




ace itself . . 




.




So, the Universe was NOT 


arrested for speedin




g




!


There are lots of theories as to 




w




hat happened durin




g




 this incredibly 


early phase. But most evidence 




s




u




g






g




ests that the Universe expanded 


unbelievably quickly, then slowed down 


to a steadier 




p




ace. Phew!


How can we tell the a




g




e of the 




U




niverse




?






I




t takes some very careful measuring . . . and a lot of number 




c




runching! One technique is to estimate the age o




f




 the oldest




s




tars. A more accurate way is to measure the present rate of the 


Universe’s expansion and work backwards. Using vast amounts




o




f data 




g




athered from powerful probes and telescopes, different




s




pace a




g




encies have arrived at sli




g




htly different dates. But they all




s




uggest that the Universe is in the region of 13.8 billion years old.















Experts t




h




in




k




 t




h




at at t




h




e 





B






B




eginning Of All Thing




s




 t




h




e




 




fundamental forces of na




t






t




ure were bundled together as a single, 


unified force.  It ma




y




 h











a




ve been the breakdown of this unified f




or











ce 


that gave the Univers




e











 the ‘kick’ needed for the Big Bang to occ




u











r




.






1. Electromagnetism






ectromagnetism






2. Weak nuclear fo






Weak nuclear force






3. Strong nuclear






Strong nuclear force






4. Gravity






T






h






e






r






e






 






a






r






e






 






f






o






u






r






 






f






u






n






d






a






m






e






n






t






a






l






 






f






o






r






c






e






e






s






 




that govern everyt




h






h




ing 


that ha




pp




ens in t




h






h




e 


Universe. I know 




yo






o




ur 


mind is already 




g




et




t






t




ing 




b




lown, but don't wo




r











ry, 




I




'll explain these as 




w











e go 


t




h




roug




h!



















Small but not (yet) perf






S






m






a






l






l






b






u






t






n






o






t






y






t






)






p






r






f






fectly formed . . .






(yet)






ctly formed 






S






o






o






t






r






ut not  yet  per






d






m






m






n






t






t not  yet






forme






f






f






but not  yet  p






l






y






all






ectly forme






et  pe






ly






mall but not  y







o






but no






d






a






o






r






S






a






b






o






p






r






o






m






a






Wh




at




ev




er kicked things off, the c





r






r




azy spee




d




 of cosmic 


in




f




lation was vital 




f




o




r 






YO




UR existence. I





f




 the Universe had 


expanded more slow




ly




, its temperature would have been perfectl




y 




uniform and all its ingredients ne




a











tly and evenly laid out. As 


it turned out, tiny variations in th




e






e




 make-up of the miniscule




 




Universe would 




p




rove vital later o











n. These variations led to regions 






pg




t




h




at were ric




h




er in t




h




e exotic partic




l




es t




h




at wou




ld




 eventua




ll




y a




ll






ow






 




stars and galaxies and planets to form. 


So without these earl




y




 flaws in the 




j




ust-born Universe




, 




none 




o






o






f




 


us would be her




e




. An




d




 space as we o




b




serve it to




d




a




y




 wo











uld




 


not exist either. It




j




ust 




go




es to show, nobo




dy




’s perfect – and th




a











nk 


goodness for that




!






n




d All the matter a





n






v




er energy that will e




v






e






 




exist in the entir




e






sh




e




d




 




U




niverse was squa




s






n




in




g




.




 




into this tiny be




g




in




n






u




se 




H




ow come? Beca









tha




t






 




the weird conditions 




a




ng created the Big B











!




ma




d




e it possi




bl




e




!
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What was there before the Big Bang?






What was there before the Big Bang?






at was there before the Big Bang?






What was there before the Big Bang?






What was there before the Big Bang?






What was there before the Big Bang?






astherebeforetheBigBang?






What was there before the Big Bang?




The sim




p




le answer i




s




 – w




e




 




do




n’




t




 kn




o




w f




o




r 




s




ur




e.




 Thi




s




 i




s




 




a




 


difficult thin




g




 for us humans to 




g




et our heads around, because our 


minds understand everything in terms o




f




 beginnings and endings. 


But even asking the question of what came before the Big Bang


doesn’t make sense, because there was no time before the Bi




g




 


Ban




g




.


It’s a bit like askin




g




 what lies south of the South Pole? 


N




O




THING. 




I




t’s impossible to answer. That’s one reason wh




y




 so 


many different theories have sprun




g




 up around what started the 


Big Bang.  But w




h




et




h




er you 




b




e




l




ieve t




h




e Universe was create




d




 




b




y 


God, a quirk of science or a teenage alien kid in another universe 


who made us all up in a simulated game, the simple answer is that 




n




o one knows 




f




or sur




e




.




W




hat is space? 




S




pace is 




b




asica




ll




y w




h




at it




s











oun




d




s 




l




i




k




e – space! Space 




is






 






t




he airless vacuum in wh




ic






c




h every galaxy, star and planet 




e




xists. On Earth we say th




a






a




t outer space begins about 100




k




ilometres above sea lev




el




 at the Kármán line – this is the




p




oint where our planet’s a




t






t




mosphere runs out. It’s easy to 









hink of space being full 




of











 nothing. But it’s actually full o




f




 




p




articles, energy, light, he




a











t, gas, rocks, ice and loads o




f




 other 




s




tuff. Includin




g




 a lot of st




uf











f that we know must be there but 




just cannot see like






dark m






atte






r 






and dark energy






and




 


.
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We may never truly understand what was there before the Big 


Bang, or just how the Universe came into being. Perhaps one day, 




Y




O




U




 can help to answer that question.  


Meanwhile, in trying to learn the truth, we have uncovered and 


solved so many other mysteries ...




Journey through Spa






c






Journey through Spa






c






ce






Journey through Spac






ourney through Space




In our imaginations we can travel anywhere, as we will in this 


book. But in real life, the only way we know to journey through 


space is in a spaceship ...
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