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Black Holes

Saturn as seen through
the gravitational lense of
a black hole



Supernovae Black Holes Binary Stars Nuclear Masses

Density and Radii of Astronomical Objects

comparison of average
density of astronomical
objects
average density of black
holes decreases with
increasing mass

Rs ∼ M

V ∼ R3

ρ̄ = M/V ∼ M−2
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Black Holes - Angular Momentum and Orbits

in this figure the following
conventions were used:

“gravitational radius”
rg = Rs

normalized angular
momentum
L̃ = l/cmrg where l is the
angular momentum of the
particle
specific total energy of the
particle
Ẽ = E/mc2

E = mc2 + Ebind + Ekin
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Black Holes - Energy and Orbits

Types of orbits
1/a: bound/closed,
0 < Ẽ < Ẽmax

2/b: unbound/open, Ẽ < 0
3/c: “unbound”/capture for
Ẽ > Ẽmax > 0
(not in classical
mechanics)
4/d: closed capture loop
Ẽ < Ẽmax,
can be Ẽ < 0 or Ẽ > 0
(not in classical
mechanics)
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Kerr Black Holes



Supernovae Black Holes Binary Stars Nuclear Masses

Particle Orbit around a Kerr Black Hole



Supernovae Black Holes Binary Stars Nuclear Masses

Critical Radii in Black Holes

Schwarzschild Case
photon circular orbit

rbind = 1.5Rs = 3
GM
c2

last stable orbit

rbound = 3Rs = 6
GM
c2 , v =

c
2

last marginally stable
circular orbit

rbind = 2Rs = 4
GM
c2 , v = vesc
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Orbits and Energies
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Summary - Comparison of Compact Remnants
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Binary Stars (’Binaries’)
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Roche Model
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Roche Potential
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Lagrange Points
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Contact Binaries
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Binary Mass Transfer
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Compact Binary Types
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Binary Pulsar Production
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