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Astronomical scales 
 The speed of light is 30,000,000,000 cm per second, or about 

675 Million miles an hour. 
 

 1 lightyear is the distance light travels in one year, or about 6 
trillion miles (6,000,000,000,000 miles) 

 
 This means that everything we see far away in the universe is 

seen in the past.  There is just no way to get the light here any 
faster. 

  
 







1923: The Discovery of Galaxies 



1929: The Universe is Expanding! 











 
 
1927: Georges Lemaitre proposes “primeval atom.”   
 
Fred Hoyle asks “Do you mean to say it all started with a big BANG?” 



Big Bang Basics 
 There is no privileged view-point, so there is no edge and no center 

of the universe. 
 

 The universe includes all space and time.  There is no “outside” of 
the expansion or “before” the Big Bang that is easily understood by 
humans (we’re trying, though). 
 

 The universe was once very hot and dense, and has since cooled 
and expanded.   
 

 All of space is expanding, so the farther away a galaxy is, the faster it 
recedes from us.  The Hubble Constant is about 72 km/s/Mpc 
 

 



The Theory: 
 
At about 0.0000000000000000000000000000000000001 seconds after the Big 
Bang, the Universe expanded hugely fast, smoothing everything out. 
 
Any irregularities would be due to quantum fluctuations before this “inflation” 
 
Universe was a hot, ionized plasma that was effectively opaque to light 
 
When the whole universe cooled to around 3,000 K, electrons and protons 
formed Hydrogen atoms.  Light now free to travel through the universe for the 
first time. 
 
This should have happened around 379,000 years after the Big Bang 
 
With the light losing energy as space expands, the temperature of these first 
photons should now be 2.73 degrees. 
 
This microwave background predicted by Gamow, Alpher and Herman in 1948 



1964: Penzias and Wilson had a problem with pigeons… 
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2007 Nobel Prize for Mather and Smoot 
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Come to the Dark Side… 

1934: Fred Zwicky notices that galaxies act like they have 
more mass then the stars can account for.   
(A LOT more: about 400 times in the Coma Cluster). 
 

Come to the dark side… 









General relativity a huge success (but never 
got a Nobel Prize) 
 
One problem: the equations suggested that the 
universe must be either expanding or 
contracting.   
 
This was obviously wrong, so Einstein added 
the “cosmological constant” 
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NASA Science 

 









Maybe the Hubble Constant isn’t really constant… 















45 

 



Saul Perlmutter, Adam Riess and Brian Schmidt accept the 2006 Shaw Prize  



The End of the Universe? 
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