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lose Jhesr momentum : M}V = ’"‘uzf’\/'v —
‘ %l
o O( - M awmi cef (Z’—-—)
-> JZ B —T[/ G-V—t < O‘A,\Fﬂ.:}l'm. /

L thy ayumes v much 7\/640! tham the velocity oh‘.l/mlbn
ag p"l//‘/l‘cle.[ iﬂ -#e 6%&7/0(,“/:4

L Fio A M o wake mast o M

L Fx ;,‘1, I o‘lm7 move vty mnt for glower bodies.

)4' Pefine %f, = % L 9F

L $his v known o Liowwille)s theorem
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The. Gollision 0

© Mokl a syfom pith IV powbicles of moags m (N Ia,r?e,)
mwfn] wooler o awoo Hh po renbicd & (x,¢)

Mmamn uwﬁow

- Congidpr the prob. of Finding o saw af & poticular pointin goce

W{H\ o P"“\‘“Iw vef(ou‘v‘y — i-e locoked n &P /’AﬁJ& Jpace
L the Ll shde of dhe 57_(+em u Speci€ied by the
isheibubion funchion (e oge) FCx, v, ¢)

—/ =

B [y, 0l by = N for cam normodie 4 =1)

- Phoge sface coscdinades com e e Hem ag w slx,v)z v, W,, W,

> te velodity of phage pace Flow s W =(£,0): (y,-v3)
b omy fow mut onevie e nunber of stavs (er ,ofolmh'lﬂy)
5 continity 1n e 2{ t V- (py) =0

L conbinnity in phate space 2 + Vg'(f@) =0

L Vu(eq) = L&) = & 06, pam

Ls bt 2%

Wi owr Wi
S =0 becamse x; =Vi inchy. of X; amd

: e (n ofhe
2¢ .06 _,. e i
— S5F F é:l,-/,- i =0 coodnate Syitms

b om IGPMW ot ;,C omd vV  forms o 9:\\/2/ tHhe
Colliyionfess Bolfzmamn eguakion ((BE)
% rv-Vf-vg-Uf=o0

laith sum), g0 CBE i | =0

2+ w bF

b e phese spae Flow is inowpresible (phaespae obaity onierved)



: &cwue St o forn "WVI dre, 'okQJe-Jf&ce Ml/y
s not mqu, consevved 'Dl' = E’(g,_,t) V(x,v t)
wheve B,0 owe bich /deodh rakes.

b Gccef*mble b we CEE when the émc. CKwe h nuw.
Sk pes cragging pime iy owal( o) B -7 ) ¢
Flt

“In reaMn,, we don't hnow the oitr. fuachion f
L the num. o‘mu#y of stavy ok Joctbin X cam be lownd

by ;'n#7mfl@} ouk velocrties Y(x) = ff(-’.f,t_/,)a‘}g

Ls the pdf of stollar velocities of x 1y Pely) = A )

- Vi)
L we am only meagne V), fo sur line of sight s (v,,:_;-g)/

Cuno‘ Mmhd ‘Jo.sih'ovu X = X -X,4

e _Jeowy ions
“Houl o solve e CBE. We can geb weful results by Ginoking
ymoments of the CFE (mkyrafm; over vélocitiey ) , §iving He Jeaw Eiuﬂ/'%
- 2eroth moment retunms fhe continiaty ey wu%n

2 L9F 43 ’3 (A

g dg A - I 3 -

aff‘c !»jvgx;dz i i 7
D) O,

93 , i-e fime dmivakive o € nwwber olewsi ty

0 -
® = [2,60dBy = 2. [ufdy = 2 (v
@ = -;9'3'- [FJ-:Z =0 since £20 oS |Vl

W bey il ty
= @f@.*@ < g‘i"'i (’VVU) =0 & contened.
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- Frst moment gives a Flwd e‘iuq/l'oﬂ

9 ffvd3 »/v.v‘;«xd; - 98 sz-fd’)v 0.
' 2

0 5 ®
= 51 (v;)

2 (v W) whoe ViV, 'if
= [/évﬁ:: /a/v, Fal9 = SD v
ombine ferms amd mH'mcf \7 ~ ( wofh oroéy Jeomy )

aﬁ, - _
V; YV,
v ot ( )

0,
®
9
Ly

(,,V v) -'y__

Ly dgfire the ‘covowiomee' 0‘-51= E((V-'-V..')(VJ"V—J)) = V¥ -V vy

by 2% R AAF :'v?,‘t,g,(mf)
oF Qx, 3 X

b JlMl‘M fo the Alud equoion
P2 rpluv)u = 408 -Vp

: 0‘-'\] acki ke o ghress femyor -JyMMd""C §o com 59-6{":‘70"“’{"’”‘/

with yn‘hct‘pk compon&’li:r ob,ﬁnim‘nj a VeloCG‘y eut‘/JoM

* The Jeamy e«luo&feru swve wndbvodevmineo : 9 wnknowns

(3 6r T and 6 for ) but only 4 eiuallan.

* To proceed, make :{mplffyiaj q‘ngDM :

\I

Ls JJeﬂdy S"&J’Q : ;_A'
b sotmpic: ot =0 §; g = —v 7D = V(v 2)
=0

> non-roMfﬂj \/.




o [Fwe hnow (r) = pld=myv(ir) —> gied @ fom Porsson
—s solve for o(r) wiing  JeamJ
Ls 5o assuming fSotropy, fhe ochasity dist- gives a consifent- motf
for Phe velscity dructuve of the Jyj/-em.

< For anisymmetnc sychomms, use cﬂh‘wwiuf polavs vuith Y =0.

CBE becomes:
9€ +vn?f PV (Vf- Q,Q)Qf -_lv/a\/qef _.9’521‘
ot N 22 r % R Ng  92dvz

Lean Jake moments o belore, e. j 0™ momant Jeswy eg :

?9VL l D (R’V V{() t (‘VV,_) =0

b the MUyMMriL Jeams e axplagn severa ?q,{ac{iclo/womma..

/hgmma‘rig du ¢t
* Stows ok solow youis  fendk o (g beh ol

L je Vg 2 V. on owaragt
L l“} incresses with sklar age | 5“7;&‘/'}‘? it i
N phmamwn thok occwmidodes ovev Hme.

‘ TM‘ "“fppevu becamse Stovy awe Mbvt}\j on ef)jc)dc;
with guiding contees at K=Rg . Lok Vy=vy-v.:
L Sars with Ry ¢l have lest angular momanfen,

so howe o lag \7;40
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b becamse gwioce Jmu’{y dgclines ex/mwflwy, theve ave more
slows with K 400/ e;/;/a,im?\‘j He skew fo Vyco

D alss, welocity ispesion obcling with R | so for R ¢l Here
we more epicycles Hek jntowect R=g,

lef v, = Vc‘7¢ be the ovevald cyymmetnic olpet. We

tam gef M erpression IA.Sm Hhe Muyrwmd'nc ICWM €q:
G(VVn) }(-yv ) 9('vvnvz,) ’V( Ve 'Vp ) 0

—_— 7

oF e 22
b ffeady shobe = 2.() =0
L aywme plwas Jymmev/g owd tht fe sum [y on the Gguatoriaf
phme = z=0 V) =0
L deine 0'¢2'= ‘79—2 -(%)z ok Jimph'(y terms , ‘inw’f@
V. tesmy [J"WL( compoved fo VJ
b(eawu- i Stombesys agymuetric obvift equafion ;
Ve % X’L(_@_ |- b)) B v va)
2ve| Vg dInk w o2

Lol fhese foyms ove now obewalle = Vo x v / (5’2 +6) kg

. n\e ;theﬁJinj velocity Anfertion ever hinre !uﬂe.!f:l thot somd—hiﬂj

is heating the gadackc ol K:
G Mhgive Compack Halo Obect (Macno) ort‘yi'Ml/y fheorivesl
bk no longey contickreod : wowld leaol fo greade, heating Hhan & bigyyeol
Y mest I(kf;ly o ot of 7«1047‘1 evolution, i-e increavesl infoll of
shog ik the 7«1Wy o ey fime, :?rreq,;q5 0~ for oblr ¢ fovys .



Godache Mass p[ome
“The masi o@mﬂy in the colay ne{ihbawhood com be
eshimated Erom the cylindvicad  Teams c?uw‘l’an:
1 Q(Rfva\/z) . (v v/32) v 2& Lteocty (fote

13 o R 9 > )2 o0 L0

bodensity falls a(F much énster Vevfhco«/ly o neglect B teom
= 4 4 (’VV ) = - a
L—)compowe W,H\ fouwn[ eq, aWVor‘vl tor thin ol k

9£ = 4m6p = ';22,,752_[1’V2) "4176,0

b honce it we hool am estinate of v (oloes not have to pe
br oM Howg = cam be -9 G ston) I VA , we coulo
estimate p.

“This *édxm'tiu.e gives o noisy estimate  pecomse we  hare o
ditéerontiode voisy olodon fuice.,
Linstead we can Jinbegroke fo Gndl  2(2) inskeod
2()= f pola' = = g 3, (V%)
L move. accovotfe beuuut ohly one bvivoative
L M Motter & peeded fo qplwfn o(jaao/owu les bebweer
p/@b‘ckd/obwued 2(3)
For o sphevicad syfem (e Gadockic halo), we cam olerive

a Jeomy equonkion ; d d(/xa‘rz.«)f 20y oo -V
Px olr r c72 r

ﬁ 4‘0’” :I' VO?‘W

LE & fe Vdacrly Mlbdfwﬂy oo, B=I- 207 2ve
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L given the rachal velocity digaon o, , stllor obmtity 2, awol
ﬂ(r) ; We com MMI?‘M@ Mermne Fhe mayg proﬁ le.

_red v L odl[no?

L com rewrite as Mer) = - 0[N r U, *Lﬂlr)]

|t\e, VI.I‘IO-L n\eorem

T We o legrate the CBE yin  [()Xx dix fo geb-a

Fondor N/(mtl}m:
L wie the  Chandvogekhas PE bowor W, = - /p(g)xJ Z—f;d&
L the KE temor 15 K;n Ei[PVa‘VK“B‘!, whith 3 the fum
6 £ olyedl motion avol wodlom odion :
Kin = Tix +Mgk , T 22 JpEa bz | M = [roews
L the moment of inerkia temsor: [ = f/’x,xuw’)_c
L> combine o give Hhe fewor virial theorem
1 o* T;u

LT 2T Tl e

« The Hmsor viviad Heorem applies alio  fo selfrmvitoking

Collisionad cychoms in the steody chake, we con we the

ccolow wiriad thevrew: 2K +W =0, Kk = "W"Ce([) ¥ .i-}(uce(g)
2y IWT - 6WM

- o stellas Jydtom k=-;M<v’> > <v =54 C %

Ly th sied o simple equodion for pag, but sodly <V, 1y
ove el readﬂy o bservasle
Lowe oaly have line of sight veloeity dupeaion <v,'>



J—eCMIS n\&or@m

The steadyhbe C9E s v TF VD 20, wuenbiay

con h‘nm’ﬁ in phase gpace. Orbits ave pwHu in p‘\MC Jdpace ( )c(#),v(/'))
A conshmt of mofin fy o fuwachon of (), v(t), £ that 13
condanf olong amy orbit : Clath), vtk ) = Clath)vih), &)

L jnn'I';&A‘ conditont ove costambs 6 € wmekion

5 .9 Xx-= M""xo, C(X,l') S E- '%\ 8 6 congtont of
o Hon

fn eyl of mohjgn 18 A fuachion of phase-spoce cootohinabes only
Fhek 1y consfom ¢ olanj any orbit ?

‘ o rime
LiJ\‘ronfc/ condition Hhew constamt of potion

D solaking inkegraly of mokion recluce the dimepmality of the
Ov’éil/ conll-rm‘m‘nj 4 phye Jpace fo a SV mamiboly

L> menygy omd amqulow momentun are both :Kolnllhy.

L inkegrals of motion sabiyr,  gp I(x(,uth) =0

A UL R o

> v VI - VQ'@I =0

¥
-+ Jeoms' theorem

= s/azol«,ﬁ/ale CeE!

i) Any steooly - jhake solubion of the (€ olepends on X v only
through (atesrals of motion

') finy Cumclion of inkegrals of motion |5 o solubion OF
the stenolyy-state COE.

“To 9@(' F(E) Erom Jmu‘.‘y )
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Prosl ot Jeams' Hheotom:

1) € £ 5 o S-S colubion of C6E, %

>t =0 by L. So
o oam uhlq{al of motion ﬁ){,,,,( on olhes l'a/'e,amb
i AT, TA] - e R

T AF

o€ ~consistent ool

- Jeom® fheerem : {(E)= ((i“’l*@(’s)) 15 o goluion 6£ he CEE.

LB‘USMM{Q(]‘ el clove hewe magy
L 02 = 40 6p = 4 Cmf FE)3Y  Gor o solfontisdent mook/
e L(E) § atesudt of A6, bt Pl olue fo ELE),

*Change 1o rolotive coordirates fo simplity notation:
b ¥=-0+9, , £:-F£+0,-F-{

L choase 0 such thot €50 & E>0, {0 r <0
L Y- — 4nbp

* FOf Qa ‘Phﬂkq“’,;ymmdﬁt I*’Jl’m, weé Cwm 9d /gl“l‘awl €Le) -

L L fw?g) =4 o] FCE)By ’-‘-4rrém‘/; 42 Ee) 4 vdy
£70 only it =B -1v2>0 -

b o€z vt o M R) = ool ) [T de

V(U = [ By =40 [FFHOT-}R)Av = 40, ) fa) de
L g’\z to glve am Abel ,'n[qml e,aluwHM with polufion

¢
o gre % | (5 )



L l'anrtwfim by ponrts gives Eo(cbhﬂon} brmuda ;

E v
‘((g): ﬁlﬁl[ﬂ(j%—élqil\} *é—[:(('?)fm]

dwmonic ﬁdmh'w(

sk o conctomd spheye, Hhe ﬂof"!ﬂhh/ 10 haymonic
@; 32,16/0,((7-—3&1) = 5' w.,l()c‘u,?f;_a) + (
“ln 10, cimphFies +o:
@(&()‘i’wo‘xz, E=3v f—iéﬁz.ﬂz s plx): ?#l = comst
- Hawmonie /o‘emﬁdj grve el{wﬁl N p)w.f? spree: 1
5 comimjor celatel fo ereqy 37;
b £(E) dyfomines how many p/l‘-‘tfe tfiace orbrts
of a glvem awphiode thee are
b 6o o selé con g ijtent sys b, need  {(E) fo sie comtamt Y
fo %, (reohus of 5/‘\&/&), P=0 oukyok.
< In relofive conoinakes, T = (-lax?t, €= (-fwtal- I
Py =3, E=0 , v=0 S (>;fw91%l
Lo T =lwtlat-xt), &= T-]1v

pla- [ P e - { W e

[}

C

Ly fid ( phot gives contont y by guessing- In #is cve, i
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E"b@i Joww ishibubion funchons :% ' ........
. § Fe? evo K D
e / 0 £ c0 & zg/‘/
onst y = \' £
A betove goal i O g (D), o
@ @(’) (fbm ()Ol:SJDI‘ @lﬂ(") ?13“"7“65’"”'6}"':'”'676'77'*0‘6“““T,o

D () =[5 #C€) -quidv = ‘HTFAJ;? 4 -{v‘)“"u*o(u
Lean pummcharise V3= 2Uco'e so that O20 gives v2/27
6> 1 give vso. R Qaptf(ny). F
b this Jivey ﬂ("\ =Y , G = (n+)
©) Suwh inb Poissor's equotion - -lz,g/["lg ='4ri€Cn?
b rescede G convemience
= F’Qu’é(n 2 , W= @/go
L gives the (oame-Emolen equation (alo wiool in Sfeurs)
N .
D) 7
L o, v >  s=0, Y=
[ %I,__o =0 (no row. force) = o;‘g/ﬁo =0
Dneed n> 1 to awoidd poles of ((n-'2) in G,
‘96r n={, thic 5 golyed by the Pliswey pokentiad bt
Y= (1vd) "
@ The Pluwmmer pful‘ld reswlls 1n /> (¢ -

<% CE
2) I/
( ‘fg’f) 4



‘UeﬂJHj in fhe p/WMMe/ pola/diq,( ex fendlt to nfirity, but
the mayr ir Finite.
L ?ooo( mookd for ylalm/a/ clusters omol o(wa/F,thIb/a/)q/m'ej

L not ?ood bor @aip"'lcd \?daﬂef} obops 0 66 +o0 Cast .

. R accounF for olavk m/'f&; W8 moy consiokty |
hm'pow loa, Mlb Moolﬂ(f, where el \

Po
,ﬂ(r) = (f/a)a(.( “,%\)(5‘“ , e 0(-‘-1, £ =4 Jog +

| so fhermal cpheve
: V\/e,cq,n Moou (2 ?Q'{&Jy al w vio/—humaf ‘(fl/te,;/e , )’.e
{he velvcf#y al/llpen lon () 1§ conglomi.
‘We use o Moxwelliay ditribwbion unchion
cong /_t>_/£‘_ (@("—i“‘l
f(é) e (T )
Ls - (% v)- Wy = , Y/ .
L)/(r)—‘fo F(‘) Y o(l / exp( /a‘) D/““"f %))
D sub nto Polsson ﬁ;‘?’,["zo%(/”’/’) - Lgf/
0‘1
Ls one solukion @ fhe singul o Wo thermal [//IWC A= 206
: anyu,{w beaamge P2 a8 r-0. Ko hy finfe mass oo
229 which cloly unrealijbic . -2
Clorrespords fo o swifoe ik, SCR)= 74 amela
Palgﬁh"a/f Q(r)= 202l v «C
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© We can fns}ec«ol solve pOszw:r eq with a 6.C "_-Eﬁ conft oy

r>0 (ond 0‘;}5-’0) fo avod o sinyw(aw'{]
L this pust be colved numevicatly .
L for lowye, /‘/ P« r~t co the mays

shill olivenges (os does ey )



gﬁw (lusters

+ Globulos clustevs owe neaw-sphevicel Groups of sfovs as
ol as ther yd%y
" Theve owve [0~ 10" globulow clusters in o ;Wy

Kuag_Models
* The othermel jp’m’e i« o ceo®nable meohl of small todi but ovevefinates
donsity ok lowge rodiv . weakly bwmd Shoxs Hond 1o escase.
“We cam frumcote the bougion fo give Hhe Hing mookls :
ae=f* (ro) " (e -1), €20
V) , g€eo
“Pensity and polentisl owol wi fe windl procelve
p(T)- fonfli)#nvzclv — ,;",‘(r‘og) == 4wbr*p(%)
Ls colve numew'muy. 2 fee poroams a—"/ E(r=o0)
Las 1 fom 0 UL bewe Y <O
Los ¥ 0, the rumge (94200 shrinks so p—=0 of the
fidad rodius N
“There i fimte mags within the fdal wolins 5o @(f«)f“—“.»ff"

L @[O): Q(Q—) - R(0) D F=-P+cont Vo) n
L st i fawnily o mgdyl s powawel e iieol 5] (o) [o-? 2 !

léaftlevn“qu com we the concentofion:  logf % —
B !} i S ) Nfﬂcmﬁjfn’
c= laj"’( fa) / fo = ‘/g; —)@r;z
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Anisotropic_velocily_dlutripudions

“Thus fow e hae psed Moy o an .‘f;}zfml of motion.

* To describe sydewy with annotropic velogity digeibubions | we must wuse
ampalar vomen fum L* = r(vetryg?) = PV
Loubibubion funchon € = £(€ L’) , VWimyl # vl
L we com modify othermal mookls wJing E:= €~ 2‘1{’ , wheve

o § some scode mdﬁ'u-w
b dvo*> = (vg?) = oo ve* €LE,L) duidve dvy

o €6, 1) dydvpdy,
e _ _L I ) o
2 u

Lty meded s wofropic ok small rodsi, buk amiofroprc or s 02
. kmg moodgll com  fo ?Woﬁ.l-tn( fo give Mfd\!e modgls :
fule)- § o e ) [0, €2
0]

£co
/7

L fowsition from Uof/ofy—DMiJOf/opy of  rx
b reod cludag show cimiler bohavpus due b ollisionad effects.

Clusk, o0
’ Modd/mg ollisionad eftects in clytus (Guires cowfuzla/im/ mehool,
* The Fokker - Plenck c?uufcbn loxes the (BE to accouwmt for
chamger 1 phose space Mif} due fo intemction:
olf . _ ) "
at=0 > Z=T(6), whee [T1€) is the ’robm‘///fy of
fcav#winj i p’laje yoce. < fad, fut hool fo Gind [TF)



* Nemokiely, we can olitecHy sioudote N body cyitoms -
b an ycluok oll }(fm(f of f}eml"@"a, eq dellay gwlution , binaves efc
L ,roblem IS computationad complertt - ON?) o calewlate forces
\n each Hmertep-
Ls moke prog s with &fcomﬂ'ﬂ{f/! (épll!) ool pvavenycal Uproses
* for open clusfers amdt  the corer of 9/obu/a/ cluglevs, the
eloation ime << a5, o we muwf consoby thllow encowntes

Eftect of stellow encownters
g . Relosodion :  jncresye ¢n ewlropj by enedpy Jomyg Fer

L frowgbr From  Chot' = cold’ | wheve ‘hot' meawy /\f}‘\ wl. olspension
L coe laes aragy to hals, o it muk ontrack. 6, #e drial fm,
ML = 67‘24 0 RU = {dt
b e gobi (hofle oa i lwes gy > pegokive_teat cagecity
L5 no etiw{h'brium; core continnes fo 9ef hoMes/onser.
42. Stellov ercage © clwhr evagoradion beowne Einite  Vese
b Ve '(r) = - 2 3()
= e = 7!4[/(:) vel2(c)dr :-m2 §p () o) o3y
= q_.rvr'l. where ﬂ iy the .SdF’My é’%ﬁ’;}fm@
Loby fhe vird fhm,  —(222T = MV S [Cw= 402
b e i te fackon of pubicly with Vs >Vese | ~1g? for M-8,

L>6Vq,fom$im vemowes ~5EN ctor on Himesaade  Eoodax

dv . eV W > &y e o~ 12
tlalaa- 6@!/41! > evap 3 ‘.'rd,M l()érdw
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§3. Core cdlloge

L’Qscwping stowr ‘jud egeape, so cluter evolves of consfamt enerpy

L E=-hom/e = Ram® => P @M g,
os mag § bk, R0 owmd poe

Ly became 6F the negafive heok capacity of fhe core, there
¥ oa Moy ?IMOU/IWMM coduytrephe  (eore collowe)

L reu//.'-ly, ag pT, bowvier form = heak source :
K+ K rky = Ki+E, +K3' , Eveo > K +K' D k. vy g

4. Moss segregation : sha hae dliffeont mases ol sreregak
L sty will have Some omg KE 5o LvDx
b henvier shas ik o contve : ligwter shons > halp.

€. Tidol shripping : clusher stoss caphural by the 9afaxy

b Hne qu[ 6\6":6 gm oM
o AU A “

L ot the fidal molivg, Fi s bokwcat by abochon 7 clhe

fo the clter: T F (—;’:,:‘)'/g Ke
6. Bu"\an’y encounrs

L bor soft (wide) binowies | stay w3 iy likely favolling faster so Hramser
eneipy fo Hhe binavy . Sof f binayies 9ok softer, divoldly when [0

L had binawies cauce shog focusiing of #3. A unshble fple
forms, ewenfually epchng a lor. Evl, 50 hanl birant get hnats.

L Hegie's lou~ :  Soft = softer, harol = havolor,

L can extroct up fo Gf;: from o binary : only ~I00 needed fo olirqpt claster:
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7. gfnwy formadion : inelashe colliriens
bo‘ymmfcd cqtne resulb Gom He indechion 0€ 3 st jn o
o rgign ~ g’::) ~l0aun  (rave)
L Hilal coppye 13 when Fwo fosing char creakes fs . oen’ cuyaliper
oh)fpa/fn] eneqy. Th may sl in E<o > cq/hue
&§. Othey processes | €.9 ckllar evolubion => mass led due fo
s#e/lw wfnolj



