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Potential Theory

Ildealized but useful models
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Potential of an infinite slab with an oscillatory
surface density

Z

Y(z,y) = X1 Re (ez(’gf))
 will be negative !

27 ) . ,
(I)(x,y,z) = — W‘E‘ 1Re (ez(k'x)) eIkl 2




Potential of an Infinite slab
Y(z) = B + X1 Re (e7)
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Potential of an Infinite slab
S(z) = B + X1 Re (e7)
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Potential of an Infinite slab
S(z) = B + X1 Re (e7)

k=50.0 >p=0.0 X;=1.0

1.5

1.0

0.5

0.0 —jo8c8c8c8c8c80808c808080808080808080808080808080

—0.5

—1.0

—1.5

—1.5

—1.0

—0.5

0.0

0.5

1.0

1.5



~ Yo | 2]

Potential of an Infinite slab
Y(z) = B + X1 Re (e7)
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Potential of an infinite slab with a tightly
wound spiral pattern

if |ﬁ -R| <1 WKB approximation
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Orbits

Generalities



Stellar orbits

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
T =—-Vo(Z)
defined on a finite interval:
Z(t),Z(to) = Zo, Z(to) = Zo,t € [to, L1]
* orbit a trajectory defined on an infinite time interval

—

Z(t), Z(ty) = To, Z(to) = @p,t € [—00, 0]
 periodic orbit  a closed orbit

Vt, 3T, 2t +T) = Z(t), 2(t+T) = Z(t)
e stationary point a point such that:

=2 =0



Stellar orbits

Lagrangian and Hamiltonian
mechanics
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Stellar orbits

Orbits Iin Spherical Systems



Orlb:lrg i ‘:;J)‘her{c_me ?oi'eu-\-'c.l‘s

P(E) = H(v)
Spherical coordinales
([ = oS Siw 0O e = f“':f =
| 2 _ :iieg.“e R ESRPAPEE
Eﬂvgk:am ot wroticn

ALY = a(x) = a(e> e
at*

] | 2 -
. ) e, - 2 dtr) e
€ o

A(-) e, Wil gy = - i?g(,,)
The foree qenerolkea) \:.5 N ge\.@_r:me PaHnL'a\\ i3 cewla?




ﬂu 3uﬁuv WQ\N'-E.I-\LU'---\ C o~ S‘evu‘ak.‘ O e,

To\"' k GF l']f\g_ 'F‘Q; ~e_

- - : —y — —y
A) = e x = vox 5(1") e\
= e x A(r) & = ©

ﬂ SP\'\Cricae PG}'EML\'D\Q hnaluc:.u: Vi 0 ‘ror—l«

Sc: oS J(:) = U E"-"‘—“ﬁ.

] —

ot

Ih o ‘S‘PLEF((‘Q‘? SSS‘l"EM ) ('.L\c Os\...ﬁu]nv— MH\HMLUM

—

Ol’ o Pari'-:c-\q. 'S C—-’“S’tﬁru—tﬁl L L — Q«Lc




Cc}r ﬂ“ﬂr r)

-

ﬂg L IS CowsServoa H«e D'r'l::.lL

o~ ?A\’"’t‘cj{ v $ \;\-H.'LQ_A l“p o \dqm-c_
e ocb:

( Libe? olave )




Eo\u-kL&-—\s‘ o"‘ wa\-'c_- L e QvL;L..\'Q @]qm_g

PO'GT Leordima"fs (lh Fhe a\rl;:l—a.\ ‘gnh-{)

X = v cesy x = ruS‘:.f - rg:m-.l:(fa /
9 i >

= 'I_Sihf (5: Q"Sihf + ‘('C'DS‘{".-P
Lﬁsrahsiﬂw (S‘Pec(F.’c) 1 ?a]q»— CGO‘(’O';.\"‘LFS'

L= 4(2eaT) ¢ FOET) = J (e (T) - )

Lﬂﬁt—au—\f‘)g c:a‘-kr-n-..‘:r'ﬂng’

4 .
A L
3{(‘92‘3—1% = © { >Y
A o3 Jd o _
9 i _(\rgf) =
At




Hwbu'ﬁ‘r WA O wA e,h\,-um

(

g = 1L

Luwdeedd "\

R

<

SPL‘E.I"\-C ﬂ-'Q Coow ot{ woa L—:_.-:;

I

Sy

—y \—n)

= ’{-‘{?_,,- fV“Q-EtQT

b
4"
(v
A
X
-
- .
o
-1
+
-S
£
m
-4

I
rﬂ



\1

:)-—‘E e :'_'i:’q,..
~ oV
P-g °f = Yq¢ =P
¥

FUe et o (Rt )t) 1 #C)

L)) v P = E
Let oL L) - e

E (Ehcvar\ IS CowSevi—JA
oS ﬁ 'S Fiva ihﬂlt?guq*o..h‘-—




Raolia'() Sy l.:CLS‘ Lr - O . L__ - o

( Eqwa&:mﬂ a{' \A--u-L'a..-. . ’f‘ = = iﬁi
'S
A
Ewveregy : E = éf‘t + <,‘!5(\")
6?4
2 cases
#(-) )
D) E> P(oo) = VE, v > o >
orhil wvol bounodeod
€3
@ E < 9&(0\ . i\-m?gs‘g.')a'-c
D Py < E < P( o0 ) €



Now vadial o-bLile v # © *-r 4 o L + o
( - ""’1." + i@'—ﬂ_ = © @
cort 4 v
Z’__ (v'*dfa) - ©
T
o Lt Jd
'r‘c.?)nc-t. E lo«_.) T 2 = & "f = = o
o 4 v dp
@ lae.:-auneS‘ Lz ( . Jy—) i L_l ) ) ﬁ
‘,-7- g{'f \ri d&f r‘ ar‘
I
nSe = -
oA’ A
i T L u - agﬁ(;’)

Nn a.hn.i?(l--‘u‘? St_htv*n.‘p S‘a‘ux'\'m



Racdkial ew evqy ec\u-q‘: [ O

F‘rOw\ l‘L\E‘_ E-V\Ev:u).g

e= 3 (rialm’) « #C)

-"') V"\Ull‘+r)'l:) ]_)5

{
g

Ie

2E

‘L) ASe U=
W e 3¢L
1 wced




O\rl:.{L PVQPQY‘HFS‘

M »MQ roadau s

[
QS L * o J J'Le_ G""!DI‘L C_a\nv«u"" C‘.'-“aS‘S‘ ;-Le C-EM\"UV‘ <

leve wousk be o wiini wo® codivg

V ¢ suel Hhab ou o
g —

H&xiwn‘? vaodaiu$s

Iq' the or l:).J-' 5 lﬁﬁ‘uwottwt Hevre '-MUSL Lc o / l

T Veax

wu:m& ochius

Uy
\v4 ¥ Svch Foa b odu - o )[ g




(S a?m-_a’hl-u-
[ .
7 \
.
// -}va

Per ce ke v

Per:ool.'c c_y.rL,..'L

O

o\r]-a.'L w.‘LL o ?.,\mg“ ec‘ceki'ﬂ-c.,‘lpj

O

C‘-\r‘ml" em%kc.ﬁl«) v S V\-Qa.\rP:.J 1

£



Plummer
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Stellar orbits

Spherical Systems

Examples
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Kepler laws (1609-1619) : EXERCICE

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

* Aline 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.

Kepler’s laws of planetary motion

Second law

A radius vector joining an

Radial and azimuthal periods:

T, =T,
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Keplerian orbits (point mass)
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Homegeneous sphere (harmonic)
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Homegeneous sphere (harmonic)
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Homegeneous sphere (harmonic)
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The End
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