Basics in Celestial Mechanics - L3

The N-body problem
- % W) « 5 &)
M Hx® . VV(xw) — (5){ T = MYV

e Y. d-‘63Cﬂq —_—wy)

¢ x® G, —xa©) ® "
« V() - 2 i W9 e (0;2)

16T4) €N | og- x5
D= e ba—xn) @™ x < xq for Some f
o singulon. set (cone, cloted 43

Ve RA() - R\ A

x: () . 2, mw X3 B - X )

(1) WSy - % @ | %2
ix4,.,N F5.(8)

N
—_— Z' 3:(&).0 =3 s ccu.{u' %- wo SS
(=4 col be&xcdoj.o

- Aoz AN, xD V() s conserved
2

l (%) (energy )
N :
€ =2, M X W) AX] ) s wonserved
T ea (+otal angulon
momentftdm )

— ;_<po\w.s (1), AcSOR) = A x sdves (1)

Rk, 92 N-2 ,s\t)wd:on (4 cau be nuduced o a
central Force 5398\-'""
W ON>2 Joroe ac'f;hj on  ea.ch .Laala 1S

F o) 3, e X - (&
LEASR 1%y @) - %4 2

gaerD-"Ed 'o:)

Vi (x6)) - MM 4

) %) - %4 @)\

L\-'l?.

A
2 s
.37,.

-




mhach T8 amSotroplc i-e. V) L V;(“)

Tak é\
& U] .iﬂv V - f.
Simple ” setious rofthe Vi g pon- condlen

® Coustant sdubous do not exist.
(% const Sol. = PV(E)=o
= VYVE) X=z-«V&)=o 5)

Eu_‘er's Thaorem qu, eo!?\mj.fuuc‘{\'ow’{
_Q sl?d OPON\ cohe
£: 2 —R | (%), QP:f(}_r) For Sohas
pe®

> VE0Dx - p20)  ¥xeL. ¥h>0 ¥xel

@ &ef gmilan sdufous ( oma_gpkio )

Doer (1) dmit ardubous
01 e form I_MB.. ADABX | teTcR
some . x € RN (constant ShatPe) o%)
A: T —- R* dilobou
A: T - So®) 'iSdM.‘tr!j

Thaoum (Windnar 634!-39'5)
Bt xbe a sod. of (N on I
satsPuinog (oM) . "
ke () x s plonan
oe

Gyg, (“‘ "pmo'ul«.l‘ac SJM'{\OUS !(‘D = f)\[{) '_>_-<_ 2
Jor rohide O and X 7
RGPLn.dng ‘mMX = WE)  ave detain :

() MADX - WOWR)- ' (%)
')




mult by % 0 OB(MRE Y- L (V) ED
Q2 gy ————
2I(%) — V(%)
iner-hio fom .

7T > @)

= 2\ sdves a - dimantouad o(-keplor?l.,
nohile (Mp\:m'mj () w (-)) Ave 3@,

@ |M¥ = - 2I&) W)
o V(%)

Fixed o' specal skape.“ % < 0do l;cdv
mooVes an A Sh'a'-ﬁ"\ fLive Cohweofmg < "‘fO
e center ?} eSS ° 3

«
o 11 hyo : umbounded.
- mMmotion AN
4 Y0t ol :
‘:f ml'l:nx tha du&. = o,
(¢0) o) N -I-liu‘s\
- gaou
. '1:[, heo eJccﬁm-mUis'lm - - :y \/\ F‘
umboumded motiow _, .
: L A 3 ]
k. 3P =0 , me cu wlve e 5
o explictely tu 4-diw a7

Keplex- ?fdJem A - & (4-a)ER

2
\ s ( "‘l:
a(g te (wpw) o ':(,C 'k“v)a (-?»} ).



Cese (4) Romag._.r?h:-c sduflar  x) =B X

nshoe : 'K—*CL .
{¢ o e t®

—
Jor mldn % ond K 7 AE)

. & sdwesthe 2. dim o kepler problem,
. X swes (%)

Rk . If «=1, & @ comc gechon
Re. 12 A= 4 V{, lwd' mhahou |
Ko mobiow € o mlaRye eqm‘(ibn‘uu

Subous o[) (%), et ceuntral Gaud-laum"fous
'ielKS“ , sdubou of (X) wau be Y
. 00 -
seew o~ oub Poan‘('s of- [I--:l'
ludeed : I X is @ bl pont of V
tau (ha'tav\ae Mu(ﬁ‘fjl}m):

{VV(E‘): AAVERC)) Jor Soms ek

,I=l

L(¥)=4
VIE):-M3x = TVE) = L Mx
mult. by X 0 —aV(E) =22 IED
=4
S L= -gVE®). _z V&)
2 2 IE)

M\Mdng NG )= LVI(%) we detain (%)

Solutous "[h'feAAc‘f{uj e &iwauﬂOA et N\
Lot (oo )e O % (@Y

Haw Hx < WVE)  gmits @ umicue Nl
GC') { )}lo) = Xo ?('ﬂ;),de‘g-iud duqd(ol,w)

X‘Q\: Vo .
with - Do € ot €O € 4pn



What about Lm *X @) (on Lm %(-t)) 4
+t-S" X-ot '
Paineve 's thaouw (1397)
£ %X sdwes (PO on (@w) wil <t Huw

B VEEY) = +p0, te. X fos & Amau Jonity
A Uat w’

Re. 9% han o Aing.at © khew:
Limiwp gk (%),8) - o

tow "
Lmiwd  mon |& W= 2
%éoo{ L ™ » <
‘{o’ru-\
& Jim X&) doesn' t ne QMLﬂ exi¥l
) toaw”

We say that ¥ Ros oo collapou ot o 1§
%h 3 -
Bm X < Teb
bow

e f Seo, X hama ol odlivou et w
. Marwsite ok 0 X Ran o (or more ) pautial cdlliviou
E ?C would be +j.;'n:3_u;(+)"=+pe (?a'.n\e'\p@! . X]QJ

\ow eipel's Huoum (M3)
lek X be o ndubom on () | w3 <+

P4 .&E:n wl\mallabu thaw .*lirwgct) -3

rawge - Jovcolen eqoa."dm
x sd. of (M o
Th) = L dMx=d pwowsut oy marta
T8 - TN x, %>
TW. k() +MxXd= 2(B+V6) <GV, %)

Tw) = 2R + (2 ) V) - (Ea)k&) +af | (L7)




. 'LC <) — "B“ ,-t\u,u_ T —» + 0o

s xW®) 50 , de. IW -0,
T Ao IW) s s('r:d’(b conve X
Y R P T S
' LS | X&) 1s monothous deousn/uj

and strckly convex
- tobod litous sue Tsolated

Sumdman's Hustew . 2k X be a ad. 4.. (1) on (a,m)

wtl W<t and L X&) «O
L~ -

Thew Hu ('('o{'b\!ﬂ mauﬂlw Moreun Fu s
4 X 'so.

. Sepd < - Z.mi WAy
lel £ Zm} I)t'l A;{il < 'Z_JM‘IIX"“;("'
= 2, Jm; Iy Afm; b<, | < & Z_m;l*\lz,\lz uA'.H".'z

: co

D A2 k(%)
eV ¢ 4 TOD(X) 236 A2

o k&)= l”

4LC<)
JtepZ . From (3) I=uaf 4 (-o)k(}) S af 4 2 |2
41(x)
Si“ge_ . I(Kj —> O ? 't-'b 00—

andk T (D —> +de
Huu i(") s S‘tﬁd‘(ﬂ ncreaing
(o w ) _
and necessauly Rove a ne shue
%'\8\'\ ('S'mce T—o0 and I >0

Assuming lelfo ae find a cntradicton ....u



kaigmp{cr{\'c e shmadtes
et X&) be a nd. "ffor (2)

o (¢, ) MiHLe Wt amd oM
Lim %) = © (C_ -..-.o)

tE-o -
Can we 50.3 am\gﬁihj alooH:
-1 amd , XB)  weu tow !
s (XA '

;(-(t) =0 ({:‘) S(‘kj lf* 2
. R £ A VA | £ I )
Mx-= VU(XS ~D - r ro{ﬂ
S+ 4 rs L i = WIS ()
\ Ty 23k

it V() - TV - TV©s)s

'2 3 re vVG)
Mw: - rof-( 28t gg;:)) YN(s)
2 et

L=<
o M8 7 and boumdeol ?

e 3b>o ,Qm TH)=b
tow-

Sund mawn / SFerbng s esbmadtes

A U ~ & (w- {:) are
L. ‘&m V(S(,-b)) ,9

ESuw™
2. fim dist (s, RF) = o

E-w” i;.sae{ o[, :;n‘{ﬁ\b(ﬁn&‘g qé V

Qs t— W



Rke., From 4. : whan t — w | [xK)| deusasss

asthe sobudbion c{{:
'Hu_ 4- dim, o(-lQP r
W‘I'P'A' ﬁ = O

N L\cm-uP Al have a O-evura
'tra\]ecicor:j on O .Qimg

From 2. @t Rmiding shape™ ()
aﬂvmadu:‘;%g hrte"

o I 9,"’ ontaing @ conbmuum 06-
endral central ‘g lahhous |
aw sE  cud gen'& a “spin'
whaw owmadsinfj o «litou .

. Merj ‘Sevb v knoww obont QL’ M hau
N s 8@0.{8!’ Han 3.

Furthar c\eW_\OFMw'tS
o Vanabouad methods (direct, up, . )

o fnd sdufous
~b af(o p,e‘GMO'?:S @k be uged o

ovwid el §ous (vrok 0 — MMj SM)

o N a .Qimi'ﬁ\na mhj«i;\(.-ex‘iﬂs, U
AWE wm‘au‘&e tHhe MNorge imdex c% S
mt. Hu Horse Index o aawda‘ng
Hol. 0. to & ?



