
Life in the Universe  
Latest Discoveries and Class Summary 





Polarization of Light 



Passage of Graviational Wave 



BICEP2         South Pole 





Describing Brightness Variations on Sphere 
Cosmic Microwave Background 



Describing Brightness Variations on a 
Sphere 

Spherical Harmonics 





A New Distant Dwarf Planet in 
Our Solar System : “VP113” 





Orbit extends to over 1000 AU! 









An Earth Analog? 



Cosmic Microwave Background ~ 300,000 years 



First stars formed after ~ few 100 million years 







Milky Way evolves 



Earth ~4.5 billion years ago 

~9.3 billion years after Big Bang 



Earth had life within at least  
~700 million years of formation 



After 4 billion years of evolution 
– the Cambrian Explosion 



Extinction History last 500 million years 



The Modern Tree of Life 







400 billion stars w/ ~ 1 billion+ 
terrestrial planets in Habitable 
Zones in our Galaxy 



Reported by the BBC  

100 billion galaxies in 
observable universe 




