
Announcements

ÅExam 4 is on Monday
ÅCovers from p.470 of  chapter 16 through where we finish 

today, which is most likely the end of  chapter 17.  

ÅExcluding òNot all stars are stableó section on p. 488-490 

and òStar Clusters are Snapshots of Stellar Evolutionó on p. 

502-505

ÅChapter 17 Smartwork will be posted 

and fair game for the test

ÅUniversity is closed on Friday

ÅObservatory visit reports can be 

handed in at any time.



Last Time

ÅType II supernovae produce all elements 

heavier than Iron

ÅNeutron stars are leftover stellar cores with 

masses less that 3Msun

ÅPulsars are rotating neutron stars that beam 

radiation in specific directions



A black hole forms when neutron 

degeneracy pressure is no longer strong 

enough to balance the self gravity of a 

collapsed solar core (When the mass 

exceeds 3 Msun )



To understand black holes we 

need some new physics

So far we have used 

Newtonõs gravity. Near 

a black hole Newtonõs 

gravity doesnõt give the 

right answer anymore. 

We need a new way to 

describe gravity.



Recall Einsteinõs Special 

Relativity Theory

Special Relativity only applies to situations where the 

velocity is constant. What if  there is an acceleration?



It is impossible to tell the difference 

between gravity and acceleration



The Equivalence Principle is 

the basic postulate of 

General Relativity

It is impossible to tell the difference 

between gravity and acceleration



Equivalence in action



The Equivalence Principle also 

affects light

If  the rocket is 

stationary the beam 

goes straight across 

the room to hit the 

opposite wall.
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The Equivalence Principle also 

affects light

If  the rocket is 

stationary the beam 

goes straight across 

the room to hit the 

opposite wall.

Due to the 

acceleration, the beam 

curves downward and 

hits the opposite wall 

near the floor.



The Equivalence Principle means 

that light can be bent by gravity

If  the rocket is 

stationary the beam 

goes straight across 

the room to hit the 

opposite wall.

Due to the 

acceleration, the beam 

curves downward and 

hits the opposite wall 

near the floor.

Since the rocket 

acceleration bends 

light, gravity must 

bend it, too



Masses Warps Spacetime 

and spacetime tells 

masses how to move

Video

http://www.youtube.com/watch?v=T884m5_QzWM


Space -time near massive 

objects is warped



Space -time near 

a black hole is 

extremely 

warped

A black hole is an object 

whose escape velocity is 

the speed of  light

It exists only at a single 

point in space


