/) Geods /1 Schwarzsehild :

Cc) Lets Find geodls in ds* = ~§00) ol + hir)dr™ + r*[cdo*+ sin®6 dg?) (%)
L, we want o sofve for  (#a), n(a) , 0, &P/;J))

: WAV CANE P YL
fayzgenz‘ veector iy coord. frame pa =t ()7) tr 57‘) +//(%) e (9%)
©
spherical Symmetry = WL set  ga)=1 ©=0 ~> equatrial orbits
- . ! for Spac‘e//'te 96049
a7 W 4=afﬁ”@P“’" = papqi}(:ga for nul/ ==
/ I e Hwelile —yr—

const- of motion
sinee p k= FUpH) = 2po p %R =0
O

Since (525) ¢ / 7597) are /(/'///'nf vectors

= o conserved yuauzl/'ﬁes [eonstants of wolion

E=-p (%)a , L=p, (jag,r are Lolst. , mdep. of ap. )

. v
energy oq@ular mowtentum / per umt mass seen @ fm)
Here [for (%)) , E= "i"/,%aé%)q +0 = 'ﬁ.—f/r‘ﬁ . L =r*sirfe ¢ = o
~— "7/\/
g4t
. o Y }
S Keppts ) E I Py et = - f(:) ¥ hle) P+ %_ ~ "radlial epn’
This has the form of particle in 1-d etfective potential Lite Vgl =0
KE. FE.
o (£ B (i, el vy =9
\éf‘f (r) 2.h(r) ( " §lr) B re for CUWVM/.CNCLJ

Now tpat we have the ﬁelfera/ form, 115 eq ¥ P pecralize o Sehwarzschily -

%N
sl g2 _ - [Ex) 2 |2y
£lr) h—[p—)'=/ R Kg;(fﬁ 2 +)(-/F:l~+§é‘—i_" 7‘5 -



v To find explicit expression dor geods in Sehw, we just needl o infegrate -
(E+7(3+x/~/+ 12 12N

biven N/ L, E, % / ]{g[t‘) - r or: rs,

. (_ = dr -
r=+t ZVe#//') T ~ A= j W)

= Efgy = E/// 2y~ ED) =+ fﬁd%
r/2)

> )= C J/r(a)‘ A2

¢ inverl To get r/a)

r()

= L/
We can also get the ST trajectories directly (¢ find ap 3 laer i we need o)
. “
- = ) :.5 cee dp .

S_IQ.
Sisk

t_2E
r A ,{—)_Vd;j{‘\

ég.

To do this in ull gwem/fz‘y is however messy uniflumina i/ng . —but usua//a we don? nezl 4o.

We can read off most of what we need directly from Vg ..

b) Nl geodesies :
Ve.-ﬁ
_ 2 LZ 2
Vg () = %+°{;;“L—£ " >r
V,c; [r) —*L (r—z#} =0
= Vo=3M = unstable cireular orbit !
) 2 2 2
= -E L _LUh LB, L - - L



C] Raclral pull geoc[s"-

. A/‘fhoagh Sehw. is b, due to Spher. sym.  we con foeus on the (n¢) plane  ~> effcdfs/e/‘;l 2.

. ) 2 28\ )22 -_—-drz
o Consider  ds” = "[/"7) olt” + -2

¢ adap? coords to radral null geods L dsz0 = —j—i =t /“, o]
™

. -lf.:_-t:r:'r +const. , w/ ';5 r+ ZM &"[—2%7—0

> ‘Regge- Wheeler tortoise coordl *

t

f | > outgoing null geods : Uz £-1, = cous!
/. fnao/ng null ﬁeac/&: V= t+V, = const
\ ~> light cones

2 ‘ \ o ° aSymp. Flat - Tlr) ~p +eoust  as r-wo
* Can't reach beyond r=2M
in (rt) coords : F->%00 as rs2M
ol ) geods reach r=24 @ finite  ap :

. : 2,
g mill geods:  O=pp= ()P g = EAE s rB)= £DE ot

A ls fute for r-o2n.



2) AdS:
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c,) Cireular orbits :
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d)  AdS boundary metric.
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s is called  Einstein stabe wpiverse (ESy)

-~ Global AclS bowm/qr&/ metre is ESY.
(NB. If we Kept L, we could get vid of it by restaling v\.



