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Equilibria and stability of 
collisionless systems

 
4st and 1st part
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Outlines

The Virial Equation and Virial Theorem

- Theory
- Applications

N-body- experiments

- Are systems defined from a DF solution of the static CBE stable ?
- Comments and discussions on the experiments
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Equilibria of collisionless systems

 The Virial Theorem
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Remainder : moments of the CB Equation
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Equilibria of collisionless systems

Energy and Inertial tensors
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create tidal effects that enable the gas contained within the galaxies to escape
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Negative Heat Capacity



create tidal effects that enable the gas contained within the galaxies to escape
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Fritz Zwicky (1898-1974): un personnage 
haut en couleurs. Prédit les étoiles à neutrons 
en tant que « cadavres » de supernovae 
(auxquelles il attribua aussi l’origine des 
rayons cosmiques), découvrit la matière 
noire des amas de galaxies et prédit les effets 
de mirage gravitationnel par les amas de 
galaxies.
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25The Coma cluster
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~700 km/s
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M/L
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The stability of collisionless 
systems

 
1st part
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Stability of collisionless systems

 Playing with N-body models
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If the system has a constant anisotrpy parameter

The Jeans equations for spherical systems

Initial conditions for N-body spherical systems

● Circular orbits
 

● Isotrope  ergodic 

● Radial orbits 

● tangentially biased orbits

● radially biased orbits
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Plummer model 

Not self-gravitating !
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Plummer model 
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Plummer model 

Self-gravitating !
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Plummer model 



35

Plummer model with intermediate anisotropy 
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Plummer model with intermediate anisotropy 
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Plummer model with intermediate anisotropy 
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Plummer model with intermediate anisotropy 
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Plummer model with intermediate anisotropy                    (ergodic) 
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Plummer model with intermediate anisotropy                    (ergodic) 



41

Plummer model with intermediate anisotropy                    (ergodic) 
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Plummer model with intermediate anisotropy                    (ergodic) 
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Plummer model with intermediate anisotropy 
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Plummer model with intermediate anisotropy 
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Plummer model with intermediate anisotropy 
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Plummer model with intermediate anisotropy 
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Miyamoto-Nagai razor-thin disk

cold disk: 
Not self-gravitating !
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Miyamoto-Nagai razor-thin disk

cold disk: 
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Miyamoto-Nagai razor-thin disk (counter-rotating !) 

Not self-gravitating !
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Miyamoto-Nagai razor-thin disk (counter-rotating !) 
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Self-gravitating infinite slab of infinite thickness Not kinetic energy !
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Self-gravitating infinite slab of finite thickness
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Warped disks




create tidal effects that enable the gas contained within the galaxies to escape

ESO 510-g13
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The End
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