
Lecture>

Dynamical formulation
- of

①
"

slice
"

the 4- manifold into

3 dim hypersurfaces
I

② Introduce ④g;j on the

hyperswsface↳
understood

③
"

Lapse
"

and
"

shift
"

(Chree )

functions which specify

the evolution of gig.
as we

move through the S
's



[MTW] Ni -

,

;¥i:
"

shifts
" s

i ! :
ri ( nm ) = ai - Nic t.se , y,⇒dt
22

"

Lops
"

of proper
time

de = N ftp.y.zjdt

Note the E-foliation is
chosen

such thats orthogonal

to a

"

congruence
"

of
timelike

geodesics.=
→

=

Congruency :
A family of curves

in an open
set of the manifold

5. t . given any point only
one curve

from the family passes through
it



Thus
,

let za be the tangent{vector field of the congruence

f¥☒←¥:s÷.orthogonal
fields

"

integral curves⇐ 1- param
"-

vector field

can
be used to

congruence
⇐ vector field| these we demand 3aGa= - 1

Orthogonality of sa to I
meant

(3)
gab

= Gab +ZEB



Nite# B)
gob
= § gob+333g

\ = Sb - 3g
= 0

↳[ Wald ]

Thus returning to MTW
,

did = - ( Ndtjdtgijcdnitslidt)
✗ Cdnitsidt)

God : Express Einstein equations

in these variables ⑨g.
Ni
,

N)

Extrinsicaiwatuse
MTW : MA I Ga Wald

Cor . deriv of
a)
Jj☒ = - KÉ ⑦j | in, within I

[i.e. '"T;za= - ki]



Note since in .in = -1 ,

D. (%;D) = 0

⇒
"'

☐ im can
be decomposed

only using spacelike g.

Them |k;m=kÉ9jm@
We can show 11 check

Kim
= kmi

This tensor defined on every

hypersurface
E is a measure

of how E
is
"

curved
" within

the 4-d manifold son = -Kerri)

¥¥i
i



We can show using

Milk = Nijk / restricted -62
=

we can
obtain

kik =# (Milk + Mkii-91¥=¥(f¥I+%¥-8¥k-2F%N+#É
where T.mn ; ITmhi-ceniQi@Dhi.e

. Ani ; = on "¥!A
= %÷- - Amfmhi



Then using
this tensor we have

IGoo-a.GR/2,ztK)R23zz1-MRHz#=É"R-1z'n-n[(TrlK}-Tr(k3]✓
Tr 1K = g

"
kij { (3)gig. embedded

Tv K2 = kjmkmti { in both

Recall , of the 10 equations ,

G? and 6°
;

and Jerinvolve only 9m
but no g-me

Lteence
" constraint

"

s

t.co?---in.in5'fk?im-Trk)iiJ-.
Gig. → dynamical but complicated



Hamiltoniamfosnmation
start with Lagrangian

L@ , F)

Define to = 0¥
Invest the

above
? •q ( p )

t=p¥_ Lcaiict))
I H (9

,
P ) → defined

on the phasespace
The procedure fails fore

(1) Systems with
L first degree

homogeneous
in •q

(2) more generally
somehow

p.az of are
not

28A invertible



Relativistic particle :

L = ILIFFE ?

Tiu
,
= - l

2

pm = Fun them to pre - m

E-tp-ftm.ca
-

Next time :

Lichnerowitz - Chognet
-Bruhat

+ York data

is>
g.1,2


