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Outline as Questions

• What do we know about the evolution of 
spacetime?


• What do we know about the contents of spacetime?


• How do we know dark matter exists?


• What is the evidence for cosmic acceleration?



spacetime can curve



The Expanding Universe



Cosmic Distances



The Expanding Universe



The Expanding Universe
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Tale As Old As Time



Cosmic Microwave 
Background Radiation



Cosmological Principle:

Homogeneity and Isotropy



This image is courtesy of Nick Strobel at www.astronomynotes.com

http://www.astronomynotes.com/


Spacetime During Inflation

Alan Guth & David Kaiser/Ned Wright
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What is the universe made of?



 
The Case for Dark Matter

• Apparently need more mass 
than we can see


• Modified gravity?


• Produces no light!


• “Dark matter” -> only 
significant interaction is 
gravity


• Should be called invisible 
matter

M33 Image: NOAO, AURA, NSF, T.A.Rector.
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What else does CMB tell us?

• Expansion rate, Hubble constant


• The shape of spacetime is flat


• Measurement of the cosmological constant



A Flat Universe



Possible Expansion Futures



 
The Case for Dark Energy



CDM CosmologyΛ

Einstein’s Equation

FRW Equation



The Case for CDMΛ



THEORIES OF 

DARK ENERGY?





Pritchard and Loeb 2012

Square Kilometer Array:
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