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Cosmic Scales�



NASA/WMAP�



Ingredients�

Λ



The Forces of Nature�

•  Gravity is a 
fundamental force of 
nature�

•  Einstein: GR relates 
gravity to the physics 
of space itself.�

•  Space has a SHAPE�



The Standard Model�

•  Particles that make up 
atoms�

•  Forces act on specific 
particles�

•  Quantum Mechanical�



The Cosmic Fireball�



~10-15 m�



Cosmic Cooking�

Gamow 
Herman 

Alpher 



Evidence for the Big Bang�
Penzias and Wilson 

Smoot and Mather 



Cosmic Ripples in the spectrum…�

We  need some rapid form of expansion�



Inflation�

•  Inflation makes the 
universe flat �

•  Inflation predicts the 
specific shape of 
ripples in the CMB �



Ingredients�

Λ

φ
What is the 
inflaton?�



Cosmic Scales�



NASA/WMAP�





Cosmic Constituents�

http://www.hetdex.org� e.g. We are here�

Distant galaxies�



Hubble Image Abell1689 



Hubble Image Abell1689 
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Λ

φ
What is the 
inflaton?�

What is the 
dark matter?�
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NASA/WMAP�



Cosmic Acceleration�

Hubble Space 
Telescope 
image�



Big Crunch 

Eternal 
expansion 

Big Rip! 



Big Crunch 

Eternal 
expansion 

Big Rip! 



WIGGLEZ SNAP 

WMAP JWST 

Herschel 



The Cosmic Melting Pot?�

Λ

φ

What is 
Lambda?�


