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100,000 light years, 100,000 million stars 

Sun 



















 
•  Can’t be static, unchanging, eternal universe if gravity! 
•  Galaxies have gravity so attract each other  
•  So should be all moving towards each other 
 

 An expanding Universe 



 
•  Can’t be static, unchanging, eternal universe if gravity! 
•  Galaxies have gravity so attract each other  
•  So should be all moving towards each other 
•  But actually they are overwhelmingly moving away! 
 

 An expanding Universe 



 Physical universe 
•  Galaxies 

closer in past   
•  Very dense, 

universe in 
past - hot 

•  Very 
different 
from what 
we see now 



 Life on Mars? 

•  Martian meteorite? 
•  Mars gets hit by 

asteroid, rocks 
escape, eventually 
hit Earth 

•  Find in Antarctica 
(rock on snow!)  

•  MAYBE fossil 
bacteria: but 
ambiguous 
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How the sun shines!  
•  Stars fuse 4H to He  
•  Lose mass, gain energy via 

Einstein’s E=mc2 

•  Hydrogen bomb! in its 
stable life – outward 
pressure of hot gas (fusion) 
balanced by inward pull of 
gravity 

.  
 





•  Characteristic spectral lines 
•  Electron wave fits exactly 

only at certain 
distance=energy  

 

Atomic lines 

En
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•  Doppler shift! 
•  Period and velocity 

give distance and 
gravity strength 

 Doppler shift 
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•  Spectra of star in 
galaxy gives type 
and so distance 

•  Spectrum of whole 
galaxy gives Doppler 
shift velocity 

•  Galaxies 
overwhelmingly 
moving away!!!  

Hubble law 


