
  

Compact objects



  

Sirius B

● Sirius B discovered in 1862
● Luminosity : 0.056 sol. Lum.
● Temp. : 25 000° K

● Radius ? 



  

White Dwarfs
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White Dwarfs

● Sirius B discovered in 1862
● Luminosity : 0.056 sol. Lum.
● Temp. : 25 000° K

●

●



  

Degenerate gas
For a degenerate gas : 

In a ideal gas : 

Therefore : 



  

The Chandrasekhar’s limit



  

The Chandrasekhar’s limit



  

Stability of Wds and NSs



  

White Dwarfs



  

White Dwarfs



  

Neutrons Stars



  

Neutrons Stars
● Surface layers    ρ ≤  10^6 g cm−3 

● Atomic polymers of 56Fe in the form of a close packed solid. 
● Strong surface magnetic fields → the atoms become cylindrical, the 

matter behaves like a one-dimensional solid   
● High conductivity parallel to the magnetic field and zero conductivity 

across it.

● Outer Crust   10^6  ≤  ρ ≤  4.3×10^11 g cm−3 
● Solid region  of matter similar to that found in white dwarfs, heavy 

nuclei forming a Coulomb lattice embedded in a relativistic degenerate 
gas of electrons. 

● Inverse β decay increases the numbers of neutron-rich nuclei which 
would be unstable on Earth.

● Inner Crust    4.3×10^11  ≤  ρ  ≤  2×10^14 g cm−3 
● Lattice of neutron-rich nuclei together with free degenerate neutrons 

and a degenerate relativistic electron gas. 
● Nuclei begin to dissolve, the neutron fluid provides most of the 

pressure.

● Neutron liquid phase   ρ > 2×10^14 g cm−3 
● Mainly of neutrons with a small concentration of protons and electrons.

● Core   ρ ≥ 3×10^15 g cm−3 
● May or may not exist,it depends upon the behaviour of matter in bulk at 

very high energies and densities. 
● Neutron solid ?  quark matter ?   ( Camenzind 2007).
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Mercury orbit precession



  

Deflection of starlight



  

Eddington observation (1919)



  

Gravitational Lensing



  



  

Black Holes

Black holes are a fundamental prediction 
of the theory of general relativity (GR; 
Einstein 1915). 

A defining feature of black holes is their 
event horizon, a one-way causal boundary 
in spacetime from which not even light can 
escape (Schwarzschild 1916). 

https://iopscience.iop.org/article/10.3847/2041-8213/meta#apjlab0ec7bib57
https://iopscience.iop.org/article/10.3847/2041-8213/meta#apjlab0ec7bib166


  



  



  

Gereral Relativity



  

Equivalence principle



  

Gravitational redshift



  

Black holes



  

Spaghettification 



  

Black holes



  

Black holes



  

Hawking radiation



  

Black holes



  

Kerr black holes



  

Gravity Probe B



The mass functionThe mass function

Kepler’s 3rd law becomes:

We can also measure :

We define mass function : 



  

Compact objects on binary systems



  

BHs masses 



  

Sgr A*



  

Sgr A*



  

Sgr A*



  

Sgr A*



  

Sgr A*

Chandra X-ray Telescope



  

Sgr A*

Chandra X-ray Telescope



  

Sag A*



  

Cloud G2



  

Cloud G2

...and in 2015



  

SuperMassive BHs



  

M87*



  

M87*



  

Simulated M87*



  

Black holes masses
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