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TODAY’S TOPICS:
• Schwarzschild metric & black holes
• Interpretation of r and t
• Propagation of radial light rays

MIT Course 8.033, Fall 2006, Lecture 21
Max Tegmark









Java orbit 
simulator



• Escape velocity

• Newtonian metric

• Schwartzschild metric

• βr, γr



Distance to origin < Circumference/2π:

Figure by MIT OCW.



Q: What 
is a black 
hole?



A: An object 
contained 
within its own 
event horizon.



Q: What 3 
measureble
properties do 
black holes 
have? 



A: 

1. Mass

2. Angular momentum 

3. Charge
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But  what is a 
black hole really?

River model gives 
great intuition!



The river model 
of black holes

(Hamilton 2004)

















The river model explains

• Event horizon & interior (not singular, compare to Niagara swim)

• Tidal forces

• Why t breaks down at horizon

• Why “excess radius” near horizon



How would you die?


