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The most incomprehensible thing about the world is that it is

comprehensible.

(Albert Einstein)
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Sirius
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Sirius: Proper Motion
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Sirius A and B
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Stability of Starts

A spherical star composed only by dust will collapse in about 15

min (M = M⊙).

The �rst mechanism to stop the collapse is the temperature:

NkBT ∼ GM2

R

R = NAkB. Remember p = nRT/V . T ∼ 1010 K.

The star is able to maintain this (high) temperature by means of

thermo-nuclear reactions (fusion).

Iron is the most stable nucleus, therefore, the thermo-nuclear

reactions will stop in this chemical element, and the collapse will

resume.

The second mechanism to stop the collapse is the pressure

produced by the quantum degeneracy of the electrons.

If M < MCh ≃ 1.4M⊙, the star will �nish as a White dwarf.
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S. Chandrasekhar
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Newton/Einstein
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M > MCh

If M > MCh the star will start to collapse.

Supernovae explosion.

Usual β decay:

n → p+ e− + νe

Inverse β decay:

p+ e− → n+ νe

Hence all the electrons and protons will turn into neutrons.

The pressure generated by the quantum degeneracy of the

neutrons will be able to stop the gravitational collapse if:

M < MOV = 2.2M⊙

Otherwise ( M > MOV) the �nal state of this star will be a black

hole .
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Landau/Oppenheimer
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Supernovae
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Neutron Star
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Black Hole: X-ray binaries
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Supermassive Black Hole: Sagittarius A*
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Supermassive Black Hole: Sagittarius A*

M ≃ 4× 106M⊙
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Supermassive Black Hole: Sagittarius A*-EHT Telescope
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Black Hole: X-ray binaries

A density cusp of quiescent X-ray binaries in the central parsec of the Galaxy.

Nature 556, 70�73 (5/Abril/2018).
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Kerr's Black Hole (Gargantua)
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Steps of the stellar evolution (Summary)
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Black Hole's Classi�cation

�No hair theorem�.

Schwarzschild (M ̸= 0).
Kerr (M ̸= 0, J ̸= 0).
Reissner-Nordstrøm (M ̸= 0, Q ̸= 0).
Kerr-Newman (M ̸= 0, Q ̸= 0, J ̸= 0).

Cosmic Censorship Principle:

There do not exist naked singularities.
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Stationary Black Holes Classi�cation
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Stationary Black Holes Classi�cation
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Stationary Black Holes Classi�cation
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Singularity Theorems (Penrose, 1965)
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Singularity Theorems (Hawking and Penrose, 1970
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Black Hole �Thermodynamics� (1973)

J. J. Ruiz-Lorenzo (UEx) Evidences for Black Holes April 21, 2023



Black Hole Thermodynamics (Bekenstein, 1973)
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Black Hole Evaporation: Hawking Radiation (1975)
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Hawking Radiation

Uncertainty Principle: ∆E∆t ∼ h.
Temperature (black body):

T =
ℏc3

GkB

1

8πM
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Black Hole Evaporation

Emission: Power/Surface = σT 4

−d(Mc2)

dt
=

1

15360π

ℏc6

G2

1

M2

te =

(
M

230000 kg

)3

s

Examples:
1 AN M = M⊙: te = 2× 1067 years.
2 AN M = mp: te = 3× 10−97 s.

J. J. Ruiz-Lorenzo (UEx) Evidences for Black Holes April 21, 2023


