
Stellar orbits

1st part



Outlines

Idealized but useful models

- infinite slab with oscillatory surface density, tightly wound spiral

Orbits
- some generalities

Lagrangian and Hamiltonian mechanics
- Euler-Lagrange equations
- Hamilton’s equations

Orbits in spherical potentials
- angular momentum conservation
- equations of motion
- radial orbits
- non radial orbits

Examples of orbits in spherical potentials
- Keplerian orbits
- orbits in an homogeneous sphere
- important remarks



Potential Theory

 Idealized but useful models



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

NGC 1232



Potential of an infinite slab with an oscillatory 
surface density 

! will be negative !



Potential of an Infinite slab



Potential of an Infinite slab



Potential of an Infinite slab



Potential of an Infinite slab



Potential of an infinite slab with a tightly 
wound spiral pattern

WKB approximation
(Wentzel,Kramers,Brillouin) 

if

m=2



C
O

M
P

LE
M

E
N

T



C
O

M
P

LE
M

E
N

T



C
O

M
P

LE
M

E
N

T



Orbits

Generalities



Why studying stellar orbits ?

- understand the motion of stars in stellar systems and galaxies

→ understand the observed kinematics
→ constraints the mass model

- orbits are the backbone of galaxies !

We will assume :

- a smoothed gravitational field

Stellar orbits



Definitions

● trajectory solution of the equation of motion

defined on a finite interval:

● orbit a trajectory defined on an infinite time interval

● periodic orbit a closed orbit

● stationary point a point such that:

Stellar orbits



Stellar orbits

Lagrangian and Hamiltonian 
mechanics
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Stellar orbits

Orbits in Spherical Systems

























Plummer



Plummer



Plummer



Plummer









Stellar orbits

Spherical Systems

Examples











Kepler laws (1609-1619) :

● The orbit of a planet is an ellipse with the Sun at one of the two foci.

● A line segment joining a planet and the Sun sweeps out equal areas during equal
intervals of time.

● The square of a planet’s orbital period is proportional to the cube of the length
of the semi-major axis of its orbit.

Radial and azimuthal periods:



Keplerian orbits (point mass)



Keplerian orbits (point mass)



Keplerian orbits (point mass)







Homegeneous sphere (harmonic)



Homegeneous sphere (harmonic)



Homegeneous sphere (harmonic)
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The End
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