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end of the 2nd part



Outlines

Axisymmetric models for disk galaxies

- “Potential based” models
- Potential of flattened systems
- Potential of infinite thin (razor-thin) disks
- “Potential based” razor-thin disks models
- Potential of spheroidal shells (homoeoids)
- Potential of spheroids
- Potential of infinite thin (razor-thin) disks from homoeoids

Ideal but useful models
- the infinite wire, the infinite slab
- infinite slab with oscillatory surface density, tightly wound spiral

Orbits
- some generalities
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 Axisymmetric models for 
disk galaxies



Examples of 
axisymmetric models 

“Potential based” 
models 



Kuzmin disk

Comparison with Plummer:

Kuzmin 1956





Kuzmin disk

Infinitely thin disk 

Plummer based model

Equivalent to the Plummer model

Kuzmin 1956

Note: for an axi-symmetric model, the circular velocity
is computed in the plane z=0.



Kuzmin disk



Miyamoto-Nagai potential

b=0 → Kuzmin

Equivalent to the Plummer model

Miyamoto & Nagai 1975

Better parametrisation : 
Revaz & Pfenniger 2004 



Miyamoto-Nagai potential



Miyamoto-Nagai potential



Miyamoto-Nagai potential



Miyamoto-Nagai potential

Circular velocity rotation curve
Miyamoto & Nagai 1975



Miyamoto-Nagai potential

Circular velocity rotation curve
Miyamoto & Nagai 1975



Miyamoto-Nagai potential

Circular velocity rotation curve
Miyamoto & Nagai 1975



Logarithmic potential

● does not depends on q
● flat rotation curve at large radius

● negative for

Rc=0 and q=1 
→ Isothermal sphere



Logarithmic potential



Logarithmic potential

density



Logarithmic potential



Logarithmic potential

density



Logarithmic potential



Logarithmic potential

density



Logarithmic potential
Circular velocity rotation curve



Potential Theory

 The potential of flattened 
systems









Potential Theory

 Surface density-based 
(razor-thin) disks



Kuzmin disk

Infinitely thin disk 

Plummer based model

Equivalent to the Plummer model

Kuzmin 1956

Note: for an axi-symmetric model, the circular velocity
is computed in the plane z=0.



Mestel disk

“2D” version of the Isothermal sphere



Exponential disk

Pohlen & Trujillio 2006
See also Freeman 1970



Potential Theory

 The potential of infinite thin 
(razor-thin) disks















Potential Theory

 The potential of spheroidal 
shells (homoeoids)











thin



Demonstration
C

O
M

P
LE

M
E

N
T



Demonstration
C

O
M

P
LE

M
E

N
T



Demonstration
C

O
M

P
LE

M
E

N
T



Demonstration
C

O
M

P
LE

M
E

N
T



Demonstration
C

O
M

P
LE

M
E

N
T



Demonstration
C

O
M

P
LE

M
E

N
T



Demonstration
C

O
M

P
LE

M
E

N
T



Demonstration
C

O
M

P
LE

M
E

N
T



Newton’s Theorems

Homoeoid theorem:

● The exterior iso-potential surfaces of a thin homoeoid are the 
spheroids that are confocal (u=constant) with the shell itself. Inside the 
shell, the potential is constant.

Newton’s third theorem:

● A mass that is inside a homoeoid experiences no net gravitational 
force from the homoeoid.



potential of homoeoids



Potential Theory

 The potential of spheroids 
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The potential of spheroids defined by 

of density 
may be obtained by summing homoeoids

with:
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Potential Theory

 The potential of infinite thin 
(razor-thin) disks from 

homoeoids













Exponential disk

The integral in the razor-thin potential equation is then:

The potential:

The circular velocity:
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Exponential disk

Circular velocity rotation curve



Exponential disk

Potential



Mestel disk

Computing the cumulative mass:

we get:

This is very specific to the Mestel disk…
In general the external mass matter.

“2D” version of the Isothermal sphere



Potential Theory

 Ideal but useful models



Potential of an infinite wire of constant linear density 



Potential of an infinite slab of constant surface density 



Potential of an infinite slab with an oscillatory 
surface density 

! will be negative !
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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
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Stellar orbits

1st part



Orbits

Generalities



Why studying stellar orbits ?

- understand the motion of stars in stellar systems and galaxies

→ understand the observed kinematics
→ constraints the mass model
→ confirm the Newton law of gravity

We will assume :

- a smoothed gravitational field
- time independent potentials

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



The End


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50
	Slide 51
	Slide 52
	Slide 53
	Slide 54
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59
	Slide 60
	Slide 61
	Slide 62
	Slide 63
	Slide 64
	Slide 65
	Slide 66
	Slide 67
	Slide 68
	Slide 69
	Slide 70
	Slide 71
	Slide 72
	Slide 73
	Slide 74
	Slide 75
	Slide 76
	Slide 77
	Slide 78
	Slide 79
	Slide 80
	Slide 81
	Slide 82
	Slide 83
	Slide 84
	Slide 85
	Slide 86
	Slide 87
	Slide 88

