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FT in curved smart .me

-

Feat some →
Curve fence

hmu → Jnu (x )

invariant Smee C- cure arterial

bonus :

di = gnu
dxndxv

tammy , ✗ → a-
'

(X)

did = g
'

,,

dx"dx'o

i 2x 't 2×10
= Fto
In I,

dxmdxv

⇒ gn . = six . "

÷



Laying inn is To -ante invariant

but action integral transforms by

dix → did = dixdec )

since
g= deign, -_ ↳ (j×o%÷n¥÷)

=£l÷t÷I
⇒

dtxfj-dh-de.tl?E)T-g--d4x'Fj--sS--fd4xF-jL(x
, e.g)

is invariant under Garhwal

transformations



①
www.zing Gravity : The Graviton
-

naively
we could write

the action for the universe as

S= Sgt Sn

und quantize gnawing by

calculating

/Dgbeeis
But this is not renormalization

and is not easy
to worn with !



Einstein Shamed us that

gravity is buried to energy/
momentum

the ran is then the partner

associated with the field gun
.

defining the Sarees energy
tensor

Tmvlx ) = g%÷i×,
and expanding around flat Sancerre

by writing gun = 7mn + hmu

⇒ Smlh ) = Sdh=o) +fdtxr-gh~ffnfgnv-fm-fdtxtzhm.TN
+ 01h ')



jdet(g→)=de£(2~+h→)-
= - doo ( I + 7

" hmu )

= - ( I + 9mV hmu + 01h 'D

g-
✓
= znu - h - v + 0112)

ThezEnsain-H.nu#ThIS,I-Gfdn-FgR-.M..fd'
✗ Fjg
"

Rnr

✓
Ricci Tenser



The Wern Foxes Acorn

-

tummy rxm → Xm - e- (a)

⇒ hmu → hmu + 2%+2,4

↳ * Similar
to

gaze
transformation

of

Ansan -21

Since S must be chrominance

center
coordinate transforms and

if we expand out to 01h2) with

rfggnv = 7mV - hmu + { ymvh + och ')

leads to



S = / tix ( Emi I - I hurt")
Wfy

where

I = I 2, h
" 27hm - £ a

>
hi 07h5

- 2, h
"
2m hmu + 241 Than

tn : add ( 2 - hav - I 2h;)
"

c- aeoron""÷.÷**
.⇒ s

Tvfy
- to> I 5h :)
- hmm ]



this is also known as Harmonic

as we are free to

choose hmu s
. .ao%=

We can then wore

5=-5 Mp
' / 14×4" K + 01h 'D-u ;aa

☐ hto

with km
, ;yo= { ( 7m> Yurt 7no%,

- 4nun
> o )

because hmu is symmetric , in harmonic
gauge

K
"

= K ! so

K
mvi toDmv

,
> a
(a) =

-

K2 + ie



Disoerensinl beanery-
a simple K-fem_ :

din 'dxi
.

.
. die

"

Lf = Yon
, Mz .

.
- MK

de = ¥: du en .n, .
. .mu

dxvdxnidxm ?
.

.de
"

* dd = 0 *

locally Euclidean
for a

✓

Roannenim Manifold

( a similarity
gnu
^e[fuse} transform

of sorts )
d

U = 1) . . .

>
D "

vie e being
"
or

" World

Veazey
' '

↳
mung legs↳
"

Sanne root of

metric
' '



on a Corris manifold
,
Parmelee

transport neonates infinitesimally
rotates the vied bein :

de " = -

wab • 3

also

e
"

= e[ dxm

Niel bein- transform by noontime !

e- (x) → e'4×3 = 059-3-4×7

and w → w
'

defined by dela =
- W'abeb



An internecine calculation :

déa =
d ( 05 eb )

= dloiebndxm )

= Jv ( Oie! ) dxv dam

= 2,05 dxveb + 052, ebndxvdxm

= dog eb + 05 deb

* Liebmiz parenting ! *

= dog eb - og wboec

= (do; Obd - 05 who-0; )éd

⇒ w
'

= O w OT - 40 ) OT



the 1 - form W transforms

just like the non-abelian gauge

Rotenone A)

But ( !)
,
no analog of e. . .

W is the connection
beoueen

local Eneeiden frames
,
and

varies in a curves manifold
:

dw+w2=R@
& fer completeness

[ de+w
Just like F = DA + A

2

field strength in NAGT



In Einstein Gravity in order

for fields and their derivatives

to transom in the same way

we must introduce a Covariant

derivative
,
D to act on a

vector field W :

Dawn = dawn + IT WV

a

Christoffel Symbol

* for Sein tz fields *

2 = Ilir " nase
"
Dn - m ) -1

where Dn = 2m - wnabo
"

because ✗ is destined in local

(Somers , met
Lorentz frame 4-vectors ? )



Topological Freed Theory
-

in (21-1)-13 Saree t.me

anyans emerge ,
which acquire

a phase ei ¥04 after being routed

04 around each other CC

this can be accounted for by

with

2 = Lot 8 E~×nm2ua, + anim

-

Charm -Sirens term



an → an
+ 2. ^

Emr ✗ an Ina, → E- ✓✗ (a- + 2mn )

% lax + 2
> 1)

= {
nut (an 2

, at + 212,4

an 2,2, 1 + 212,2
> A)

= Emt Landry + 2124)

fs = 2 / d- ✗ E
" " >

2m (12, ax )

↳ Dropped

⇒ CS Gauge ch na -inert

-



CS action

-

S = r fydsx Em
"

an
7
,
a

,

= rfmd
>
✗ an da

now wider coordinate transformations

a vector :

umlx ) = 2¥: a'✗ (xD

So

EMV 't am (x ) bzcx ) C> (x )

= E- V7
2×10 2x 't 2x 's

Int
"£+7 . .

Tom In

=
dot ( ?É ) e-" a:(✗ ' 3¥47



⇒ d > ✗ Emv
>

a- (
x) bucx? ↳ Cx?

= dsx ' e0tPaI(xD 3 :-(× ')cjcx)

with dsx
'

= d% Let ( 3¥ )

⇒ no me Eric
,

/ Da eifada
↳ closes manifold

depends only
on topology
-

but What about Trev

no guv
⇒ 1--0=0

⇒ It = 0

⇒ Ground Same degeneracy !



CS Gravity
-

in terms of connection
°

aRijb = Ji Wis - 2
; Wis

+ ( Wi , w;] ;

0 ✓

R = dw + Wn w

and in D= 4

Sea = :/me
" " -

eas.ale.ie?R.id)--'-zfmenenR



= :{ enencdw + v7
n

w has group
Structure 5013,1 )

interpreting e 's as translations

(e ,w ) is in ISO (3,1 )

↳ GR is ISO cause they?

not in D= 4

no such gauge
action of

farm

/ Anan ( da + A
' )



in (2+1) - D :

Sea = tz f e n ( dw + wa )
M

d
loans line CS

Scs = E) Tr (ADA + 2g As )
M

A a be - algebra values 1 - form

"

Tu
"

a man - degenerate invariant

bilinear farm on Lie Algebra
n
das

A- = A
-

Ta ⇒ Tv (ADA) = Tv (Tats )
"

"""

✗ A
-

n da
's



Iso (2 , 1) Gaze Theory :

-

( Ja Fb ]=EasÑ

Jab Teen c- z generator (Ta ,Pb]={asap
'

[ Pa > B) = O
p
-

translation generates

let J
"

= § E-
↳ •

Jb
,

Then the gaze field

is the / - form

Ai= e? Pa + wiJa

A = Pe + Jw



an infinitesimal gauge parameter

would be

n= papa +
c-
" Ju

⇒ fAi= - Diu

with Din = 2in + [Ai
,
n ]

D= d + A

⇒ D2 = ( d + A) ( t + A)

= d- + Ad + DA + A2

= (da ) + AZ

↳ function !



(dAtAd)u=dCAw)-AdwÑ
= (d A) w - 2 Adw

⇒ Ad = (da ) - Ad

FE-
= @A) t A2

= d( Pe 1- Tw ) t (Pe + Tw)
'

= Pde + Jdw + Plew + we )

+ J WZ

= P ( de + we ) + J / dw + wz )
= O t J R

F ✗ R



So
,

= ?/ d 't Tr (An D
' )

✗ 's / d >
✗ An R

at / d-x en R t Sw

↳ Sea
for constant curvature :

i Scs
⇒ / De Dw e

isw is
.at )=// Dwe ) (/ Dee


