Title: Advanced General Relativity - Lecture 7A
Date: Feb 27, 2008 10:30 AM

URL.: http://pirsa.org/08020019

Abstract: Advanced General Relativity

Pirsa: 08020019 Page 1/123



INTRINLIC V& & XTRINGIC (I AT 0"

e

e
T




INTRINSIC Vo & XTRINSIC  (VOVAToR T




INTRINSIC V& & XTRINSIC  (UPVATuRS

B —

—

()= O
(VRS




INTRINSIC Vs & XTRINGIC  (UpVATuRS

—ﬁ__‘-




INTRINSIC V& & XTRINGIC (IR ATurRY
- R ————




INTRINSIC Vo & XTRINSIC  (VPVATuRE
e ___-—__—'————-.‘

G(x) =0
X(Y) = O

e = X

'D\/"
R

e —




| GAbiisn ANMA mrr.,}.'na')ﬂl,

- _“‘




|~ @Aw-'\ mfmn\ fﬂpfj,'nﬁ‘}nx,

- = - — ———




|~ 6’\&‘;!’\ r\J!Mﬂk fof;r“\,'ng*}nc’

—




|~ Gibien NAAA\ m.-:r‘],'n,-,']ns




I"' 6’\‘!”!'“ ﬁ.’fl“ﬁk r’n.—:rJl'nﬁ')ﬂtj




|~ @'\H‘Fnﬁ ﬁifmnk r’nﬁrJI'nﬁ')ﬂs




|~ Gipion Nthk Cosrd AN ne

-

——

/ o it
T




| ~ Qm',{n A ﬂ:;‘mn& r’msr‘.) N ﬁ’)‘ﬂ '’

B

—

|
Pirsa: 080%0019




|~ 6"\5‘;1!"'\ ﬂJank r’ayr__},‘m,()'ns

Pirsa: 08020019




|~ Ombhien /AR mar‘}.'nﬁ")ns

\ o [\ 4// Yﬂr e
AN TS

xﬂ\n Yﬂ

+ = Fr"f’"" \H"\f Un fipVrs \/h" f“‘i*

Pirsa: 08020})19
|



|~ GALrA N/ mnr‘),'ng‘)ng

+/)‘ SRR

Sh : Yn
Z )t 0

xn_q Yﬁ
4 ol
- F“’["" \u-«r Un fuvPs \/ JLOAL




|~ (7:\'\';{”'\ I'\H-Mh‘\ r!}ilf‘;\lﬂ{l"]f}fj

‘f’-" l-l:'l."\‘_ '{'%
Yok \ :

i Z te

e <= 4,y )

*,
"{‘ s \qu["f \mr Un (wVPs \/ *—f-n:sf

k(“f fu;""




| ~ él‘h LA l\l,fmnk r’n;.r_\,nﬁ')rui

gf"‘r m}-*'

\r'-!"‘\\__-tﬁ/‘
Z) T

s ©
S i 5 (4, v )

+ = P"#['" \mr Un (urVP\ ‘\/"1 fv"i)f
W R
3¢ = AR




|~ G"‘;‘.ﬂ"‘l ﬁlfﬁ’\hk flh-‘ﬂ;\.ﬂ,\'}ﬂfj

N i o (4, v )

+ L4 Ffﬂf’" \mr Un fwvrs \/A* fu*t\'

¢
\

sia Y 4 AGE) Sy Y




o5 “/‘ g
jo \,o 7

xn; Y“ < )'(.ﬂ"' (+;\f)
\m, Un FosVPA \/"‘m .n,q\’

+ 4 F!':-rh
2 ; \! é\. ‘
A ABY 4 Ao




| = Gl-'\ Bae™ I \hk i !.-(‘I )H('

/"‘\9‘”‘7

= (‘Jf)
+ Pfﬂ[" e U (VP '\/ s fu l\' i

R ﬁa ‘
sia ABY 4 AEfISY Y
Aol (C‘\"fn’: ha b




I~ 6'\,‘\ A \.‘\K(r{\ ‘u)

/\

\“‘ L }\

. — T
3= ABE o owEfISY Y
%ﬂ"} (D‘\[n} ho L\ﬂlﬂ










(snase\iva
i lala 5

—

o
H FPK —. S?aff%'r‘*f ('“"’f'\'l‘"\ (ﬁjb«{“htg‘d l-*'(”-: ’5"?’ )




o’
g rmur =, S?"fr-\.-m tirn A ("“""f”)"sl’ Ab A, )
Lb vt}




L=

—

o/
2 FPK = ‘s?“fr'\-ﬁf tinn oA (ﬁ’“?'}'gb itin = )
s N\ sp




‘JM?#;-BL ""('L' o )
”F(:; = S?”f‘\-"-f tumn eI (f \ e
s Np = sy

Fqbc_




oy
H (‘P'ﬁ' = ‘-,?aff'\«mf (imr{'\w'\ (QM\-,A.BL I.-HL, %"‘{‘ )

el NI )

G\
be = L\x{fﬁrw&wf fmnﬂxw”i ( /m?,.-\.bh wit L\_‘L )

S50




>}
a

be ' = \m{fﬁrfr«f\w rman%u'\ ( /m?.\-\,b\« wit l’]-.L )

L%:- D..,E \ o







. \\\{Pﬂfﬁurc\df (Mnff#\u’\ ( /U,,,-.\&M.Lh\p H,'i"\l-. L\,\L )






















o o L \H ( ’.)\M.I;jn A '--}y"'f-.l-' f GSJ” ) 'm")
M . i, e 5






















-'tl"’ﬁg,, N { (’Sf'm {0 ’5’”-‘*’"")

> I.‘v‘fl W (’ F’r'ﬂ(-’."(f—:
-

. 7 i
Krn- Kol = 3',)l Db (,i\ :‘))
'W“tr - Bkl \'b - Gl

oV 4




o ‘ : '\’1)
Nost ( fﬁf"ibn .~

> {’V\rr?ir' ‘}Lrhrf.f( e ke
1= t'))
‘f’ l / .'11"’)1'?3“1” (i
= L ¢
O\ / {""{‘{1{; | KD\.

d) \ : f.l:'
(| l,‘rlfr, - - \\ .




‘-’) (F'ji"'l"?ln‘\j‘f‘la







Iip
A o
k= = 4D
\I‘\.l-\\{\. ‘l







TREEY o)t

L Dy Sl §
)J'u \ /
( )" k\/m'\ \ i







9= (1

™\

) (/i\\ h'\ll o

d (2 Aab¢

—

™
S

1): '.:i;j-.j.J (.l( o) 4 \\.rm

\'

D -

7 |\

e

Vb \(r&r.

.,




4 2. S |
(\km-\[, - " i)\ ""j‘”('\ O ;] 4 \’::‘..Mi b

¢ | ™ 7’ \\5
Q\-J.r’ | \,ﬂ, \;n.'b . \)[- kﬁ(.

4 () ne N = ()xh!'x\







\ — e
Lll [\"‘\ I,-fkfl,.(,' S

'”‘r 2 \ /,'Hlf'\:/ 0 J.- A f}a..‘

'R"’l'." | l\“_[ 1‘,1\




Sy g
e {I\J‘frrfnr (“_f"(.-_ .f}"{ o
v 1

N2 i | [
ik ke ks daiaeo)

I:‘ : kr.l;a

. | |
\ ULl A & Wac (b~ W\owd A I
l."_ _ —]a \r;k'lﬂf’ W
wakue 00l
"-‘l('q, \ ./.'-ul,- / ‘
'Ilr'”."qJ : \"'-'." \ ["\H l













et (S RYKab + K")
N e DK A = Da KK




G = @A = R¥Kab + K")

YA~ = Db KZn - D K

U an =




oy . ()

T ATk = Da K
U an = 6"~b |




oty « AR = R¥Hab « K )

U AN = DbKn - D\\'\ 4
U Gan = UGAY + + OF %*\"“g\mh( >k ’-_’yb)




e (e K™ Kab KJ)

LB Dk = DK :
H Gan = 6‘\‘9 * '.IT D\‘ %O‘b T }f\'\'-’\l) ( l’\sz D\‘ %5) >
- & Kﬂ'. kci’ Ry %' \’m‘r (K{A k{&) A \( kﬁ\’ = %L“l’ \::




o7
e« )

|
U = DEK A = Da IK o
U Gnb = Gab + %D&f".\”‘!’“-‘-‘\"’“b(‘“mgfb) | >
- Kp( kcf' -4 '%‘ \fmlr (Kci\fcﬁ) X ‘( \:"‘\’ o al"“l“ "‘:




1GH = :'-’! ( A - KM kﬁ’? + }Cﬁ)

b
UHiAn = Db K A = Da N Al
U Gl PAD 4 % D; '/\ﬁb = ;l,“\'\mb ( h D—\- ’-?5*5

~
- Kr(_kc"‘ -+ '%' \'\nlr (Kc;‘ku\) a \( k“\’ 7 %L“L l<

Rn\' = 1'n¥-'-n‘r: ﬁi'm' 4'#*1;%- (-C;M L\A‘J)




Gt = 2 ( A= KMkﬁb + KJ)

U (An = Db l/!) - A \<
A\ "3“‘"”% ( '7# "155)
- A KM. k{-“ . ; \nnlf (K{l\\u ) X K \\ b - ll{“] lf

Rey = In¥is 4 Rurt Aeassr (Ko ‘M‘a)

@al = (b --‘é (L h‘\ln




(@R = K Kab + KJ)

U (An = DbKﬁ"D“K !
U Gab = BAb + 3 D+ AP = ”’W( D 95'5) 2
s 1 3 () Kb W

1Gt =

L s

anlp e m» Sl ﬂ T dl 4#4;## (—C;,-.n. {’\n‘;!)

o = Wb
b = oty =4 (Ui

b
W Kab

\ .'r' . ‘ \
















¢ « 5% \AS1¢ (u‘fU’l\jth'._

e ——————

Consider




¢ - E;«\‘r W (A", W\’}urc_

ey F:&, = % DyRal
e ﬁva(u e_'(mePL




{ = 5,\/\? NS N"""\‘Ewﬁ_

+
k'o.!v ‘tf rab = ';iL 'D-\--Bab
Conpider

h"'}"' @.ﬁlo. @ PL




(= EsAingic ru Vrdture.

CU‘“ aer




H"--u..ﬂ-u...____'.--_"I




(= 5)’\? 8¢ (v V'\’}un:_ -t ’

SR - i o el

CU“H.:B{'( 4 0 %




{ = E sing(c (Jrv,&wﬁ_ - ’

}
ka.!» '=q r\ab = ',;il' 'D-k%o:b
Consider




(= E sAning(e (v v,‘-\[w,‘._-_

kgl tim
rab = EL'D-P-&OIL

GM baer
Hen'




5)/** \08(C (v Vf\'\wc_
‘ 7 —— s ——

b
; Tat ?-\—-&a
ko.!v 'l.q rab =

'Y
Cur‘.'-f;}er :

12 1§,




(= E sAringfc (.rru',‘-}wf_

Con baer




{ = &:)AV* \"$(C ('J'u';&g,{_ e d

P
e M Ao

Consid U ¥ o

.i (ﬂﬁ‘?*(\ﬂpmﬁ)@aeﬂ-
o =
L\ X




{ ~ g)’\'“""frl'( ("V'\'}wc_

1l o

N,

+:g=~#
Consider

h'ﬂf“ Q.'(Ox e F’L, (ﬁﬁ‘? ‘:(‘ZP g \ €o Qﬂ-

i
el

nxr |l "*

\{"\\’ - Y\M"}r. Q:QPL




{ = a)’\?""‘il’( (“'V'\‘*wc_ e v

.

4 4
k“!’ L rnb - ‘i"?—\--&a}'

Consider
N -
Nesp aefy 2 (m‘pﬂﬂ\ﬂ eoell

s : * ok
\\(0\\) = Y\.{Jr’ e-an(’L ; { V-;L
'~ \*\"{,ﬂ 7 kﬁL

|










BT -
e declh = #VeRIEH S



S st AR
(Yv*f’yo)é’,oe(’b* 2ol = 2Kabm

‘t,.\



’X/ﬂ 5«'{) = {\JJP-t Y\(,)

(yr\ Qyp) @a-epb = V\Q‘JP) Cm@‘B = ak\o\l’

m\,.._.{% ) i




R ]

|

'f [
4Gt = % ( ('l = Kﬂbkﬁb -+ K ) = éﬂ;ﬁ Hr'
G b D, IS 4
A RO - : b ( INa)® ’-3-5)

- & Kr{. kcl‘ "t % \‘mtr (’ﬂ:{k ku’t) A l( kﬁl’ -

——

-

@r& e mL'*il'ﬂ th"r 4'#«;#:* (—me Lﬂ’b)

o
R~ W [lab
G”s\l! T Rt\lr —"j ﬂ_ h{lc-

L
= Al

. . ‘_ T

] [
f
— q




o R+ KT = Gt

- ”(fﬂ:l nﬂft‘l

1ot = .‘a!(

i
UGAN = Db K7 — DﬂK :
{ e RN Db ~ & bl (W Dk 95'5)

-] KHL kc“ * % .\'\nlr (“{k ku‘a ) A l( kn\x_‘




L (R - f’mé!/nb + KJ) 2 q""?“ﬂnr
4Gt = 3( | q(ﬂrﬁﬂet‘

I .

4 CAn = Db KJ#\ = D"n\< 3 il
U b = GAb + % OX ARE :H"*‘L( h Ok ks
- Kr(. !KLL t é‘ \f’mL (\f{('\ ‘ft.i) - ‘( k;\\: = 1 La.'i \(:;

————

\er '}*“*iﬂf (£JM ng)

\&

(2o} ¢ PR Y. ((
\Aﬁhﬁnb
, 4 (LRt







| .

4o = DK ~ Dyikne
(f () bed = ()m.t\:lk\ A im.\i‘:l%"‘ \<*

L it S SRt
[\ \ L‘\ 1'f|%”| AL —
‘Ji:'&‘l"' “5{ /.Lh"l,if.'k Tr F:i: )r- . 'll ﬂ
'\ (e I+ \M | l*‘m L
\ .
(\”U"’:\ A




f

|

4Qaabe = D Kob ~ Di Kac .
“ (‘) n,,l A = (x. \‘.._\ A —:’\m'\i\"’\*’#ﬂ \<\ \i{i-*(_ f=_r c

A ?”1.'\ \- /u'-'l-f.r'\ hf)J ...ll
f_.f-\-:-lxr _Rn.‘ [qﬂ f”
\ fﬁt'-'i.f\l (

(*.F'u”l |







At e 2llopAA A )







Al= Aes ElloyAAA')




{ « 5)(\‘!1'"“( (Jf'v'ﬁ‘}w-c_

Consider -
h‘ﬂ(’- < O\QPL

Qab = Y\-:)(. Q‘:QPL
L=k

o~

(m ?;sz* il } e



Al= Aea ElloyAA A')

‘I'\ rrr /\nh #.;: r\j/‘}

/"\"-.(4 r:’(‘L = lf /\”}'p

o













I;’I\\L\j /\‘i“ C '"‘"\ a (U} /\i 1/\“.1/\})

o N AR G A 5 b
/\‘-. 'J(-.' f!(|, : I.I /\\ j(' "'ll\ r,p/‘k\ f.-'! (\J(;

s ( Aab rf\r: f’\[)







( ALD ”\'j._ f\’,

\y ( /
,"\‘ f{f' } r\ oA \(r ,-\\
\
( M (
( e\ St b =0 TAGEH : \ DY 75




I 'y M ,{.‘ll ¢ 14 A , O
(7™ f\'“u 1 r : [T\ ) . J-'. [ \ 11\}'/‘\













—————




‘ 'i [';l.f‘; LI.: \

B ID
4R ops o b e 2"




= Gesie Giazal cailia

S —————

4,,{2,*};6 e:f..-qf’t, 0% ei’cL - n\:r,}-\- rcklz:) ke y be_.

i B
G R e NV U e «

.
o 1
[} \ " i
] -
Ld
\
(i
J. )




q.@offzug e:i,-Q(’!, e'ﬁ ()_ba. - mefb-» \(FL\(LS"'kFS k’#c_
"l({,l-r"ﬂ ﬂ\"o_; U’L (’.hc_ = DC.. kﬁ\? = D[,, ko(_




b= Grsse Gdaz il oaulin

‘iQ,a‘L,C e:: Qf’g Q\'i ef)a. o Qabr}-*- krc, \(L;}—kas \Uac_.
U pts n“ud’ue = Db = Db Ko
qé,qf,.gﬁ Y\f’ " :



(o s (0ot (e Iw )

—

‘iQaF'u.C e,"; e/ @“i ef’A < (Rakes + kvckb;}—krb Kb
q(‘{l"‘ﬂf n""fﬂ; e = Dkab ~ D Koc:
"@?%#Y\r' , '_} ( pan \(ns\“_k‘ Ka ) |

UG of L = '

\
\

>



= Gast Gdazal gl

-—-ﬂ

—

l ‘iprnG e.mqf’ge ¢ @ é. = em‘)r)-’r \QL\(L:} kﬂb\(‘rc_
<l &,de‘b’ )i Qm U’u?.c_ = D \(A\: = Dl: k%
4 Gyl = (Q \<“‘ G

otk —

'Y
l.



