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TODAY’S TOPIC



How did the 
Universe Start?

One of three key breakthroughs of 
modern cosmology
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Flatness Problem
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Guth’s solution: Inflation, 
or “De Sitter Space”



Normal Expansion Rate: 
slow compared to Light
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De Sitter / Inflationary
Expansion: expansion outruns light
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Inflation solves the 
horizon problem
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Inflation flattens 
space out
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What Inflates?
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What is “vacuum energy”?    



problem: Guth’s inflation 
theory didn’t quite work
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So these guys fixed it. 
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Success



Inflation produces 
quantum Perturbations 





What color is the 
inflationary noise?
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New inflation theory says: 
almost white noise, just a bit pink
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The pattern in the CMB

~2001

inflation prediction

almost white noise, just a bit pink



Controversy



Initial Conditions?

US?

US?

US?



Many Universes and 
an infinite past?



Hartle-Hawking 
Universe

inflating

“imaginary time” fluctuation





Alternatives?



Cyclic contraction

bounce

time



No Inflation?



Nothing new under the sun?

out of chaos out of nothing cyclic rebirth



How observations 
(might) 

save the day



Inflation may make observable 
gravitational waves



Another “universe” 
might bump into ours!


