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ASTR398B Black Holes (Spring 2017) 
Prof. Cole Miller 

Class 8 : 
Schwarzschild Black Holes 

RECAP 
n  Special and General Relativity 

l  Highlights importance of frames of reference 
l  Measurements of time affected by motion 
l  Time dilation necessarily implies length contraction.  

Highlights fact that space and time get “mixed 
together” when changing reference frame… instead, 
think of space-time. 

l  Idea of light cones, the past/future, and causality 
n  General Relativity  

l  Measurements of time affected by gravity/acceleration 
l  Gravity can be made to (locally) vanish by going to 

free-falling reference frame 
l  “Real” peace of gravity is tidal force… leads to idea of 

curvature 
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THIS CLASS 

n  The General Relativistic view of black 
holes 

n  “Schwarzschild” black holes 
l  View of an external observer 
l  View of an infalling observer 
l  Spaghettification 

n  THE ROYAL SWEDISH ACADEMY OF SCIENCE 
has at its meeting on November 9, 1922, in 
accordance with the regulations in the 
November 27, 1895, will of ALFRED NOBEL, 
decided to, independently of the value that, 
after possible confirmation, may be attributed 
to the relativity and gravitation theory, award 
the prize that for 1921 is given to the person 
who within the domain of physics has made 
the most important discovery or invention, to 
ALBERT EINSTEIN for his contributions to 
Theoretical Physics, especially his discovery of 
the photoelectric effect. 
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I : Schwarzschild 

n  Karl Schwarzschild 
(1873-1916) 
l  Solved the Einstein field 

equations for the case of a 
“spherically-symmetric” 
point mass. 

l  First exact (non-trivial) 
solution of Einstein’s 
equations 

l  Describes a non-spinning, 
non-charged black hole… a 
Schwarzschild black hole 

Distant observer sees 
(stationary) clock ticking at 
a rate  
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II : The view of a distant observer 
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Clock appears to tick 
more slowly as you get 
closer to the black 
hole… seems to stop 
ticking when it gets to 
r=2GM/c2.  
 
The event horizon… 
sphere on which the 
gravitational redshift is 
infinite 

n  The event horizon 
l  Surface of infinite gravitational redshift 
l  From point of view of distant observer, 

infalling objects will appear to freeze at 
event horizon 

l  Old name for black holes was “Frozen 
Star” (referring to the star that collapsed to 
create the black hole) 

l  Infalling object will also appear to fade 
away as it freezes (why?) 
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Remember space-time diagrams? 

“Future of 
A” (causally-
connected) 

“Past of 
A” (causally-
connected) 

“Elsewhere” 
(causally- 
disconnected) 

Spacetime diagram… path of ingoing/outgoing 
light rays as seen by distant observer 
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III : The view of an infalling observer 

n  Very different view by infalling observer 
l  Pass through the event horizon without fuss 
l  Eventually reach the center (r=0) 

n  What happens at the center? 
l  Equations of General Relativity break down (predict 

infinite space-time curvature, corresponding to the 
infinite density of matter that has been crushed 
there). 

l  Called a spacetime singularity 
l  Means that GR is invalid and some other, deeper, 

laws of physics are needed to describe this location 
(Quantum Gravity) 

n  How do we reconcile the two views (infalling 
observer and distant observer)? 
l  The distant observer only sees part of the timeline of 

the infalling observer… they never see the part of the 
timeline inside of the event horizon! 

l  This is because the distant observer’s measure of 
time freezes at the event horizon… but the infalling 
observer has a perfectly well behaved measure of 
time as they pass across the horizon 

l  We say that the event horizon is a “coordinate 
singularity”, not a “physical singularity” 
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Spacetime diagram using a measure of time better 
suited to the infalling observer (“ingoing 
Eddington-Finkelstein coordinates”) 

Spacetime diagram using a measure of time better 
suited to the infalling observer (ingoing Eddington-
Finkelstein coordinates) 
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River Model of a Black Hole 

Kruskal Diagram 
(highly manipulated S-T diagram) 
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Spaghettification  

n  In fact, you would never make it to the center intact… 
the gradient of gravity would tear up an infalling 
observer.  

r 
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Upshot : there is a “stretching force” 
known as a tidal force that is 
proportional to M/r3.  This will 
eventually rip the spaceship apart 
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n  How strong is the tidal force you feel as you 
fall through the event horizon?  Using a 
Newtonian approximation, we have  

n  So, 
 

n  Thus, the more massive the black hole, the 
weaker is the tidal force at the event horizon! 
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with 
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M 2


