






















The	
  horizon	
  is	
  a	
  point-­‐of-­‐no-­‐
return,	
  but	
  it’s	
  not	
  where	
  the	
  
doom	
  and	
  destruc8on	
  lie.	
  



















Informa(on	
  comes	
  in	
  bits.	
  



Bits	
  are	
  indestruc(ble.	
  	
  



What	
  happened	
  to	
  Alice’s	
  bits?	
  
	
  
Are	
  they	
  gone?	
  
	
  
Where	
  are	
  they	
  hiding?	
  



Black holes have  entropy. 

1972 Jacob Bekenstein	
  





What	
  informa(on	
  and	
  how	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  
much?	
  	
  
	
  
What	
  are	
  the	
  microscopic	
  objects	
  
that	
  play	
  the	
  role	
  of	
  atoms	
  in	
  the	
  
bathtub?	
  
	
  
Where	
  are	
  they	
  located?	
  



























Entropy	
  implies	
  heat.	
  







	
  
	
  
	
  	
  	
  To	
  make	
  things	
  even	
  more	
  confusing,	
  
	
  
Black	
  holes	
  evaporate:	
  	
  Hawking	
  (1974)	
  







Black holes 
evaporate. 
Hawking 











Where is Alice? 

Where are her bits?  



The	
  horizon	
  is	
  a	
  hologram.	
  









              Pixels 



Voxels 















	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Juan	
  Maldacena	
  	
  	
  (1998)	
  























          
The	
  Firewall	
  (end	
  of	
  space)	
  is	
  a	
  violent	
  breakdown	
  of	
  
General	
  Rela(vity.	
  Is	
  it	
  right?	
  
	
  
	
  
Something	
  much	
  more	
  subtle?	
  
	
  
	
  
	
  
We	
  just	
  don’t	
  know.	
  	
  



Hubble	
  Law	
  
	
  
V	
  =	
  H	
  D	
  








