
Galaxies Lec 2

Stellar Dynamics



Strong Encounters



strong close encounter: star gets close enough to other star 
for interaction to dramatically alter its speed and direction.

Potential Energy == Kinetic energy 

Cannot have strong 
encounters! Too rare!



Weak Encounters



Remember that 

cos(theta) = b/(1+(vt/b)^2)^1/2 

Relaxation time is:

<δv⟂2> = v^2.

Similar to that of kinetic energy

On the order of 1 billion yrs



Potentials and Motions 
Under Gravity 



Equation of motion

Poisson equation



Point mass



Isothermal Sphere



Homogeneous Sphere



NFW potential

NFW Is effectively a double power law in density 

An inner part of r^-1 and a outer  r^-3



In Class Problem



Virial Theorem



Virial Theorem

Velo dispersion

Equate kinetic to get
Virial mass

Potential



Conserved Quantities



Eq of Motion

Cross both sides

Conserved quantities have no explicit time dependence 
and is constant as a test mass moves along its orbit.

This quantity would have no 
explicit time dependence thus 
CONSERVED!

Angular MomentuM



Eq of Motion: polar coordinates 
Spherical symmetric potential

Computing the angular 
momentum

Replace!

New Eq motion



Remember we need to integrate to get total 
Potential energy with the density 

Get density first from poisson's eq

Then integrate with the potential  

Then apply virials 



Spherical Potential



Be able to derive the velocities of circular motion along these



Effective Potentials



Remember the conserved 
quantity

We can sub in a effective 
potential 



If we find the stable place it is the circular. That is the 
circular radius.

We can solve for this radius

We can solve for this in terms of angular 
momentum



The circular motion around the ring, act like a 
perturbed higher order motion.



Asymmetric drift



Asymmetric Drift

When we have two points A (inner) and B (outer) and when viewing the stars they 
have some epicyclic motion about their guiding centers. 

At B (To reach us, they must be at the pericenter (closest point) of their orbits. At 
pericenter, stars are moving faster than their guiding center)

At A (To reach us at they must be at the apocenter (farthest point) of their orbits. 
At apocenter, stars are moving slower than their guiding center's circular velocity)

Why is this not symmetric? Because there are more stars in  A than B. (density 
differences)



Two body relaxation



Two-Body Relaxation is the process by which individual stars in a 
cluster randomly interact with each other through gravity, gradually 
exchanging ENERGY. Kinetic energy being transferred

Heavy Stars (The "Sinking" Stones): To match the 
average energy, massive stars must move slower. 
They lose kinetic energy to the lighter stars during 
interactions. As they lose energy, they fall deeper into 
the cluster's gravitational potential well.

Light Stars (The "Floating" Feathers): To 
match the average energy, low-mass stars 
must move faster. They gain kinetic energy 
from the heavy stars. This extra speed flings 
them out to the edges of the cluster.

Evaporation refers to stars escaping a cluster due to gravitational encounters. => Stellar halo 
star cluster destruction 

Mass segregation is heavier stars sinking to the center: heavier mass in globular clusters



Time scales



Crossing Time ($t_{cross}$): How long it takes a star to cross the cluster once ($\sim 10^6$ years).

Relaxation Time ($t_{relax}$): How long it takes for orbits to be randomized ($\sim 10^8$ years).

Evaporation Time ($t_{evap}$): How long the cluster survives ($\sim 10^{10}$ years).



Jeans Equations



Collisionless Boltzmann Equation
Collisionless boltzmann is about conserving phase space distributions trajectories.

You can get the various moments by integrating the equations against varying cross terms of  
velocity to get the jeans equations.

They are effectively the same as the fluid euler equation EXCEPT the pressure term is generalized 
to be anisotropic.





Simplify and apply newtons laws!


