
The gravity force
and Newtonian mechanics



Outlines

Newtonian Mechanics:

- refreshing memory 

The gravity : a long distance force

- collision-less systems 
- the relaxation time

Potential Theory : general results

- Gravitational field force, gravitational potential
- Gauss Law
- Poisson Equation
- Total potential energy



Refreshing memory...

Newtonian mechanics





















The Gravity : 
a long distance force















Relaxation Time

Question : 
How accurate is the assumption that a galaxy may be 
modelled as a smooth distribution ?

1) Effect of one star on the orbit of a peculiar star.

2) Effect of all stars of a stellar system on a peculiar star.

3) Under which conditions the orbit of a peculiar star is strongly influenced 
by the discrete nature of the stellar system (importance of “collision” with 
other stars).















Spread in the velocity space due to two-body encounters

N=1 N=1 N=1



Spread in the velocity space due to two-body encounters
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Numerical application / Relaxation Time

N R b90 ln(R/b90) trelax

Globular 
Cluster

105 10 pc 2x10-4 pc ~10 ~1 Gyr

Dwarf Galaxy 106 1 kpc 2x10-3 pc ~13 >> tHubble

Spiral Galaxy 1010 15 kpc 3x10-6 pc ~20 >> tHubble

Galaxy 
Cluster

1013 1 Mpc 2x10-7 pc ~30 >> tHubble



Orbit of a point mass in an homogeneous sphere 
sampled with a discrete number of stars.

 

Numerical illustration
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trelax=3



trelax=20



trelax=20
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trelax=150
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Potential Theory I
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The End
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