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1930:  Three possible geometries for the universe 

2000:   The geometry of the universe is FLAT!!!!!! 





HOW DO WE KNOW THE GEOMETRY AND 
ENERGY DENSITY?  MICROWAVE 
BACKGROUND EXPERIMENTS. 





All electromagnetic radiation is made of photons, or light particles, 
 of different wavelengths. 





Age < million years, 
Temperature>3000K 

Can’t see anything! 



Photons no longer 
interact. 
Universe becomes 
transparent! 









Perfect Blackbody 
Curve (like hot 
stovetop):  

Confirmation of 
HOT Big 
Bang. 

The peak is 
 at 3 degrees 
 Kelvin, i.e. in 
 the microwave. 





































Before the universe is 3 minutes old, Deuterium isn’t stable: 

After the universe is 3 minutes old, Deuterium is stable: 



Once Deuterium forms, Helium and Lithium also form 



Predictions from Big Bang 
(e.g. 25% Helium 4) exactly  
 match the data  
                IF 
    ATOMS ARE 4%  
   OF THE TOTAL! 
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As we look backwards in time 
at distant supernovae, they 
are 20% dimmer than 
expected! That means they 
are farther away from us than 
expected. They are 
accelerating away from us. 


























