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262. GRAVITATIONAL Frgy 1y 413
{ 26.2.2  Hamilton equations:

. P
evolutions -
The main work js still to be done. The evalution iuations are given by Hamilton €quations
J o - \é:z oH oH
= hop = -8 I . pops p H"‘"=———£+( g ) +(Lcrm iven by -———’-’L).
?” os gt Phas " \Fhap ), e
Cumpuling
aﬂz a T N7 o il g i
doF = Fras WMk, 00 ) - 2008311 by = 201h,y .
we have, from (26.9),
!
J‘ // : ; oM N
= hop = 128 _ , (AN o — a3) , / 6.1
% Lt o, | e
ar s Which exactly “repeats” the relations (26.7) and (26.8)
he second €quation is more |

¢ In the last term, ~Nvh (O . 24),

m the variationa] derivation of
Einstein Cquations, We learned there Se¢e equation (23] 1) — that if dropping the surface terms

-region boundary), then

LT R T Agu ) g

7 :
55;;{\/:9(1?—211)]=\f—§(

_

= —al=g (R"f" = éRy‘*” A Ay""") 090 .

-{5;; V=g (&~ 20)] =~ /= (R.‘*f’ — %Rg""j + Ag“f’) .
In the 3D analogy to this result, we can clajm that
55..} [\/E (f3JR = m)] =—vh (fS)Rf'ﬁ & %fath“f’ 5 Ah“"’) . (26.13)

* In the middie term of (26.9), -2~ (211, TIww

20, TT* __ 12

—I12), we rewrite

=IO o p hyrh,)
in order to differentiate it by b,

5}31_ (211, 11 — I1%) < aqqee (25::5§ Ry + 2y, 5068 S0, ~ b ,\a;;af) =
(]
= A0y, oprpes



414 26. HAMILTONIAN FORMULATION OF THE EINSTEIN EQUATIONS

Recalling Section 23.2.1 once again, specifically equation (23.6) for the derivative of the metric
determinant, %%i—) = (—9)g"", we analogously take ggz—s = hh*® here on 3, so

9 ._l_)z_.___l _{?”L=__}_hhaﬁ=__1__hﬂfﬁ‘
Ohag \ VR 2h3/2 Ohog 2h3/2 2v/h

Hence, in total,

0 ( 211, IT# — n2)
ahuﬁ \/E

2
~ (2m1Pvhy, I ) — 2—\1/—5 R (211, T — 112) . (26.14)

e Finally, in the first term of (26.9), 2I1** N ulv » the momenta IT#” are taken as independent of hag,
and we rewrite
- 1
Nupy = hyxN*¥), = by N* , + = (Pywx + By — hyy ) N
S0
o(2[1* N, ulw)
Ohap
J(211# N,

) _ pyu (gatas + ogafios 63636, ) N* = II*A N* 4 TPy omgpia /8
Ohag,

(the last forms have been claimed on the basis of the necessary symmetry of both the expressions
in ¢ and B). Putting the two terms together, we thus have

2 a(ZHﬂyN;afy) o 6(2HND‘N}AIUJ
ahcaﬁ

e Horﬁ,LNL a HaﬁN:‘__L s HauNﬁ,u e HﬁUch’v 2L
= (1, - rem? T#H) N 4+ I8N, —

. (Nﬁ oor M) — % (N%), ~ D2%s477) =
e HaﬁhN"' 3 HaﬁNL!L e HauN,Bw = H,()’VNQIV A

=0 N + I*F/, (%) —I*N?|, - 1P* N
|

= AI"NP, =TI*N*, + TP N<, |

6%6,;

=

= VRPN, — v NG|, - e e

28

Therefore, collecting the above results for the three Hamiltonian terms, we conclude that

: oM, [ oM SHy
af ._ papB Ay T g =
s hﬂhwgtn ah&ﬁ € (ahﬂﬁ,b)'{, s dﬁﬁﬂ/f
= —Nvh (‘3’3“5 = %@maﬁ + Ah“ﬁ) =
- —% (mﬂ*nﬁ”h;u - HH"‘ﬁ) TF-.Z% hoP (210, 1% —112) 4 ] &7
+ VR PIOANY, ey, —INe, . (26.15) \E L
e AN "

e = : = ' = IR
ﬂ*“Ma*fé 2 (L\s}?‘%’ath'& (//f/j/D-ff;;q ) %’@&,x)ﬂ éw{j (6{) kﬁ\ /
cvolabin egunthime (26.42) ave (2.0) D R =0
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