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( d Wh,1* k;l Í v Î f�/9& k7l ωK =
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∫
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∫

K

Rijg
ij
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︸ ︷︷ ︸
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︸ ︷︷ ︸
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Γ̄k
ij =

(
∂x̄k

∂xa

∂xb

∂x̄i

∂xc

∂x̄j

)
Γa

bc +

(
∂x̄k

∂xd

∂2xd

∂x̄i∂x̄j

)
.

!#®9& f�([^£U�*�&)(+*�W)(%$0,�^`,
δΓ
f�^e&�� l &)( d W)$��¥^`" d ¯9Z¦¤¥$0"%^I¤�^ef�^`/9W)^=Whf�(%^ d Ä

δΓ̄k
ij =

(
∂x̄k

∂xa

∂xb

∂x̄i

∂xc

∂x̄j

)
δΓa

bc ,

f1*�f�([^I�}^=&)Zq^£([,�pI"+*�ZqZq^=&),�/1,1*�¤ l1� ,�20(%2Y�0$0, gij d (%,�f u�� (%^£Ui*�&)(+*�W)([$0,�^e,�f�^=&�� l &)( d W)$0�+��E^e" d ¯9Z�¤�$'"[^ d ([,�f¨*�" d $ª�}^e, d $�&)^`, u1� ^e«1,�([^=&XWhZq*',.,_/�,�Ä
wa := gijδΓa

ji − δΓl
lig

ia ,f1*',�,�( d W w ^`(%, Ui^=�
W)$'&)�E^e"[f�­
f1*�f�([^£p $0ZqZ�/9W;*�W)$�&)^`, ��$0, Ui^=�
W)$'&)�L^`"%f�^e&),
�h(%^`f�^=&AUi^=�
W)$'&X��E^e"[f�^=& d (%,1f u1� *�([, � $'&)Zª*'"���$
$'&)f�(%,�*�W)^`, ∂kgij = 0
20(["�W`­1^=& l1� "%W�Zª*',�f�([^ � (%��^=&)20^e,1����$0,

w
�e/�Ä

div(w) = wa
;a = gij∂a(δΓa

ji) − gia∂a(δΓl
li)

= gij∂l(δΓ
l
ji) − gij∂j(δΓ

l
li)	

∗ 

= gijδRij .� *'Zq(%Wh^=&)20(�¤1W d ( k7l �E®9& f1* d ^e& d W)^I��,�W)^`2'&;*�"�([, Í s v Î Zq(%Whf�^eZ m£*'/9§1j dXk7l ^e,n\
*�W)� Í=j Î Ä

I1 =

∫

K

div(w)ωK =

∫

∂K

〈w |n〉ω∂K = 0 , Í s y Î
f1*Yf�([^IU�*�&)(+*�W)(%$0,�^`,

δΓ
,1* k7l Ui$'&X&;*'/ dXd ^=W)�`/�,�2ª*'/�� ∂K �0^e& dXk;l �h([,�f�^`, d $0"["%^`, uÂÀ(%&V¤¥^eWX&;* k7l W)^e,q,_/1,ªf1* d �e�A^e(%W)^���,_W)^e2'&;*'"NÄ ¢ / d ¢ ¤ dXk;l ,�(%WXWAv
­9m�"%^`( k7l /�,�2 Í�� Î /�,1f Í�� Î ­�h( dXd ^e,��h(%&`Ä

δ
(√−g

)
= 1

2

√−g gabδgab , δgij = −giagjbδgab . Í ∗∗ Î� *'Zq(%Wh^=&)20(�¤1W d ( k7l Ä
δ
(
gij

√−g
)

= δgij
√−g + gijδ

(√−g
)

	
∗∗ 

= −giagjbδgab

√−g + gij 1
2

√−g gabδgab

=
(

1
2g

ijgab − giagjb
)
δgab

√−g .!#®9& �=�A^`(�W)^I��,�W)^`2�&;*'"�*'/ d Í s v Î ^=& l�� "%WhZª*',.*'" d $�Ä

I2 =

∫

K

Rij

(
1
2g

ijgab − giagjb
)
δgab ωK

= −
∫

K

(
Rab − 1

2g
abR

)
δgab ωK = −

∫

K

Gabδgab ωK . Í set
Î
Ui^=&X�A^`,�f�^=WhZª*',.,_/�,.f�([^I¤¥^e([f�^`,  ^ d /�"%W;*�W)^ Í s y Î /�,�f Í set_Î /1,�f.�L$'&)f�^e&XW δSF[g] = 0

­ d $^e&)2'(%¤�W d ( k;l Ä
0
"

= δSF[g] = −
∫

K

Gabδgab ωK .

� *�f�(%^ d ^Sm�"[^e( k;l /1,�2 �E®9&S8;:eÈÓ>?:`8=>��_:nU�*�&)(+*�W)(%$0,�^`, δgab

f�^e&��¨^=WX&)(%�Ð2'^`"�W)^`, d $0"["N­��L$0"[2'^`,f1*�&;*'/ d f�([^IUi*��9/�/�ZY�?!1^`"%f12'"[^e( k;l /�,�20^e,�Ä
Gab = 0 . Í s j Î
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� ±�� ���
µ�� ³ �����`� �#{w¹E|��	���9��|e¸�µ�{w��»�
 ~�¶`�
µ ³ �_�¥¹E� ³
��� {w�����9�
Â (�&q��$0ZqZY^`,Ñ,
/�,Ñ�`/Ñf1^e,Ñgi(%, d W)^e([,9��m�"%^`( k7l /�,�20^`, ([, ¢ ,��A^ d ^e, l ^`(�Wª��$',Ñ�n*�W)^e&)(%^0­Rf�([^f�/�& k;l ��^=& dXk7l ([^ef�^`,�^o�}^e, d $'&)�E^e"[f�^=& ψA

Zq(�W
A = 1, . . . , N

¤¥^ dXk7l &)([^=¤¥^`,Ñ�A^=&)f�^`,Ñ�'*',�,
Í \ � (%,�$'&)�E^e"[f�^=& �A^=&)f�^`, l ([^=& ,�( k;l W ¤¥^e&)® k � d ( k;l W)([2'W Î;u pI^`,�,�W Zª*',�f�([^ b *'2'&;*�,12'^`f�( k;l W)^£f�^=&� *�W)^e&)(%^�Ã

M
"%$'�0*�"
$ l ,�^ m &;*e�9(%W;*�W)(%$0,�([Z���* k7l ^e,  *'/�Z�­ d $ ¤¥^e��$'ZqZ¦WRZª*�,�f�*�&;*'/ d ,1* k;lf�^`Z����_/�(%�'*'"%^`,�� � &)(%,��`( � f�([^ b *'2'&;*�,12'^`f�( k;l W)^ ([, ¢ ,��A^ d ^`, l ^`(�WR�0$0,
m &;*`�
(%W;*�W)(%$0, d �E^e"[f�^e&),�­([,�f�^`Z©Zª*',
ηij

f�/9& k7l gij

/�,�f � *�&XW)(%^`"%"[^If1/9& k;l ��$G�'*�&)([*',�W)^ ¢ ¤�"%^`(�W)/�,12'^`,�^=& d ^eW)�=W`Ä
ηij → gij , ∂i → Di .� ([^ b *'2�&;*',�20^`f�( k7l W)^I( d W f1*',�,��0$0,�f1^=& !1$'&)Z
Ã

M =
Ã

M(ψA, DψA, g) .� ([^ _ ^e�A^e20/�,�2 d 20"%^`( k7l /�,�20^`,.�E®9&hf�([^I!1^`"%f1^=& ^=& l1� "%WhZq*',�­�(%,�f1^eZ©Zª*',.f1* d ÂÀ(%&X�9/�,�2 d ([,9�W)^`2�&;*'"�®9¤¥^=&�Ã
M
,�* k7l f�^`,�!1^e"[f�^e&), ψA

�'*�&)([(%^e&XW /1,�f�f�*�,1, � /�"[" d ^=W)�eW u g d ^e&)20^=¤¥^`, d ( k7lf�([^£¤�^=�'*',�,_W)^e,�gV/1"%^e&X� b *'2'&;*�,12'^e��m�"%^`( k7l /�,�20^`, Í *'"%"[^=&)f1(%,�2 d Zq(%W��0$G�0*�&)(+*',�W)^=& ¢ ¤�"%^`(�W)/�,12 Î Ä
∂
Ã

M

∂ψA

−Di

∂
Ã

M

∂(DiψA)
= 0 . Í s � Î

gV([,�^`, ¢ / d f9&)/ k �¨�L®9&�f�^e,ngi,�^e&)2'([^=�?��Z � /1" d �P�}^e, d $'&�¤¥^=��$0ZqZ�W�Zª*',nf�/9& k7l Ui*�&)(+*�W)([$0,,1* k7l f1^=&h�¨^eWX&)(�� u ÂÀ([^I$'¤¥^`,��L$'&)f�^e&XWhZª*�,
δ

∫

K

Ã
M ωK

!
= 0 .

� ([^ b *'2'&;*�,12'^`f�( k;l W)^ l�� ,12�W d $`�A$ l "9^e� � "%([�e(%Ww��$0,�f�^=&R�¨^=WX&)(%��*�¤�­'*'" d *'/ k7l (%Z � "[([�e(%W#f1/9& k;lf�([^o�0$G�0*�&)(+*',�W)^e, ¢ ¤�"%^`(�W)/�,12'^`,Ðf�^e& !1^`"%f1^=& uA� ([^o!�^e"[f�^=& d ^`"�¤ d W �A^e&)f�^e,¼f1*'2'^`20^e,¼,�( k;l W�0*�&)([([^=&XW`­�f1* d ¤¥^ef�^`/9W)^=W δψA = 0
u g d 20(["�W�*'" d $�Ä

δ

∫

K

Ã
M ωK =

∫

K

{[
∂
Ã

M

∂(DiψA)
δ(DiψA) +

∂
Ã

M

∂gij

δgij

]
ωK +

Ã
MδωK

}
.

¢ / d ¢ ¤ dXk7l ,�(%WXWªv_­�m�"%^`( k7l /�,�2 Í�� Î ��^e,1,�^e,��h(%& dXk7l $0, f�([^ Ui*�&)(+*�W)(%$0,�f�^ d Ui$0"%/1ZY^`,�^e"[^=�Zq^e,_W d (%Z "[^=W)�=W)^`,���^e&)Z *�" d δωK = 1
2g

ijδgij ωK

u g d ¤1"[^e(%¤�Wq*�" d $ f�^=&Y^e& d W)^���^e&)Z �e/
/�,_W)^=& d / k7l ^e, uÂÀ([^ dXk7l $0,�^e&X� �'l ,�W`­ ��^e& dXk;l ([,�f�^eW.f1(%^nU�*�&)([*�W)([$0, f�^e&���$`�0*�&)([*',�W)^`, ¢ ¤1"%^`(�W)/1,�2Ñf�^=&!�^e"[f�^=&

δ(Diψ)
,�( k7l W`­
f1*�f�([^�U�*�&)(+*�W)(%$0,
f�^=& � l &)( d W)$���^e" d ¯
Z¦¤¥$0"[^ ,�( k7l Wi��^e& dXk;l �h([,�f�^eW u ��,

� $'&)Zª*'"���$
$'&)f�(%,�*�W)^`,�20(%"%W`Ä
δΓk

ij = 1
2g

km
(
δgjm,i + δgim,j − δgij,m

)
.gV& d ^=W)�eW�Zª*',�f�([^ � *�&XW)([^e"["[^e, ¢ ¤�"%^`(�W)/�,12'^`,If�/�& k;l ��$G�'*�&)([*',�W)^0­`2'(["%W�f�([^ d�d $020*�&}([,£¤¥^`"%([^=¤1([20^e,p�$_$'&)f�([,1*�W)^e,�Ä

δΓk
ij = 1

2g
km

(
δgjm;i + δgim;j − δgij;m

)
. Í s � Î� ([^���$G�'*�&)(+*',�W)^ ¢ ¤1"%^`(�W)/1,�2S^e([,�^ d �}^e, d $'&)�E^e"[f d ψ ��$0Z �V¯ � (r, s)
( d W
([, p $
$'&)f�([,1*�W)^e,20^e20^e¤¥^e,�f1/9& k;l Ä

Dkψ
i1...ir

j1...js
= ∂kψ

i1...ir

j1...js
+ Γi1

kiψ
ii2...ir

j1...js
+ Γi2

kiψ
i1ii3...ir

j1...js
+ · · ·

+ Γj
kj1
ψi1...ir

jj2...js
+ Γj

kj2
ψi1...ir

j1jj3...js
+ · · · .� ^e&}^=& d W)^i�}^=&)Z���^e& dXk;l �h([,�f�^eW`­Gf1*�f�([^VUi*�&)(+*�W)([$0,�Zq(�W � *�&XW)([^e"["%^`, ¢ ¤1"[^e(%W)/�,�20^`,I�0^e&XW;*'/ dXk;l W/�,1f

δψ = 0
( d W u�� ([^ &)^ d W)"%( k;l ^e,��}^=&)Zq^�"[* dXd ^`, d ( k;l Zq(�Wo��(%"[�L^ ��$0, Í s � Î ([,��}^=&)Zq^��$0,

δgij;k
/�Z dXk;l &)^`(�¤¥^`, u�� ^e,Ðf�*�f1/9& k;l ^e,�W d W)^ l ^e,�f1^e, ¢ / d f9&)/ k � �'*',�,ÐZª*', � *�&XW)(%^`"%"([,�W)^e2'&)([^=&)^`,�­
�A$�¤�^e(¥f�([^ f ¤¥^=&�� �'k7l ^e,�W)^e&)Zq^ ��^=& dXk7l �h([,�f�^e,�­9f1*�f�([^ U�*�&)([*�W)([$', f�^e& �¨^eWX&)(��*'/��wf�^eZ  *',�f ∂K � /�"%"�( d W u1� * d Â (%&X�
/1,�2 d (%,�W)^`2'&;*�"�" �'dXd W d ( k7l f�*�,1,�([,.f�^=&h!�$'&)Z

δ

∫

K

Ã
M ωK = − 1

2

∫

K

T ijδgij ωK Í s � Î
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dXk7l &)^e(%¤¥^e,�­��A$'¤¥^`( T ij
f�^e&��AJ�:=< �'>�:eÔ��;Ë���É�ÈÓC7Ô���:7J1CeÇ�<.( d W u}¢ ,Sf�^e& � ^e«1,�(%W)(%$0, d (%^ l W�Zq*',

d $0�E$�&XW`­1f1* dXd T ij d ¯9ZqZq^=WX&)( dXk;l ( d W u
¢ " d`_ ^`( d�� ([^e"��A$0"["%^`,q�h(�&if�* did �'*'"[*�&)^hpI"[^e([,9��m�$'&)f�$0,9�?!1^`"%fª¤¥^eWX&;* k7l W)^e,�Ä � (%^ b *�2'&;*',�20^=�f�( k;l W)^�$ l ,�^�m &;*`�9(%W;*�W)([$0, ( d WhÃ KG = − 1

2 (∂aφ∂
aφ+m2φ2)

u � * k;l f�^`ZÒ$'¤1(%20^`,  ^e�e^ � W^e&)2'(%¤�W d ( k;l f1*�&;*'/ d f�(%^ b *'2�&;*',�20^`f�( k7l W)^IZq(%W£m &;*`�9(%W;*�W)([$0,��e/�Ä
Ã

KG = − 1
2

(
DaφDbφ g

ab +m2φ2
)
. Í s � Î� ([^£U�*�&)([*�W)([$0,�f�^ d Â (�&X�9/�,�2 d ([,�W)^e2'&;*'" d ( d W`Ä

δ

∫

K

Ã
KG ωK =

∫

K

(
δ
Ã

KG ωK +
Ã

KG δωK

)

=

∫

K

(
δ
Ã

KG ωK + 1
2

Ã
KGg

ijδgij

)
ωK , Í ∗ Î

�A$'¤¥^`(¥�h([^ef�^e&£m�"%^`( k7l /�,�2 Í�� Î ��^e&X�A^e,�f�^eW��h/9&)f�^ u�� ([^IU�*�&)(+*�W)(%$0,���$0,oÃ KG
( d W`Ä

δ
Ã

KG = δ
[
− 1

2

(
DaφDbφ g

ab +m2φ2
)]

= − 1
2δ(Daφ)Dbφ g

ab − 1
2Daφ δ(Dbφ) gab + 1

2DaφDbφ g
aigbjδgij .� ([^Y��$`�0*�&)([*',�W)^ ¢ ¤1"[^e(%W)/�,�2�^e([,�^ d \_�'*'"[*�& d ( d W¦2'"[^e( k;l f�^=& � *�&XW)(%^`"%"[^e, ¢ ¤1"[^e(%W)/�,�2�­ Daφ =

∂aφ
­_f1(%^�^=& d W)^e,ª¤¥^`(%f�^`,
�}^=&)Zq^h��^=& dXk7l �h(%,1f�^e, *'" d $ u \_^eW)�=W�Zª*',
f1* d gV&)2'^e¤1,�( d (%, Í ∗ Î ^`(%,�­^e& l1� "�WhZª*',�Ä
δ

∫

K

Ã
KG ωK = − 1

2

∫

K

{
−DiφDjφ+ 1

2g
ij(DaφD

aφ+m2φ2)
}
δgij ωK .

� ^e&hgi,�^=&)20([^=�?��Z � /�" d �P��^`, d $'&��L®9&hf�* dhd �'*'"+*�&)^IpI"[^e([,9��m�$'&)f�$0,9�?!�^e"[fo( d W *'" d $9Ä
T

ij
KG = −DiφDjφ+ 1

2g
ij(DaφD

aφ+m2φ2) .¢ " d �e�A^e(%W)^ d _ ^e( d�� (%^`" dXk;l *'/�^`,��h(%&q/�, d f�* d ^e"[^=�
WX&)$0Zq*'20,�^eW)( dXk7l ^�!1^`"%f *�, u#� (%^ b *��2'&;*',�20^ef�( k;l W)^h( d W Ã em = − 1
16π

FijF
ij
Zq(�W

Fij = Aj,i −Ai,j

u Â (%^`f�^=&�,1* k;l f�^eZ $'¤1([20^e,
 ^`�e^ � W�^e& l1� "�W Zª*�,�Ä

Ã
em = − 1

16π
FijFklg

ikgjl , Í v'x Î�A$'¤¥^`(��A^`20^e,.f1^=&I\�¯9ZqZq^=WX&)([^�f1^=& � l &)( d W)$��¥^e" d ¯9Z¦¤¥$0"%^ Fij = Aj;i − Ai;j = Aj,i − Ai,j20(["�W ui� ^=&
^`"%^e�
WX&)$'Zª*'20,�^=W)( dXk;l ^�!�^e"[f9W)^e, d $�& ( d W *'" d $�/1,1*�¤ l1� ,�20(%2S��$0, f�^e&
�¨^=WX&)(%�Ñ/�,�f
d ^`(%,�^iUi*�&)(+*�W)(%$0,�^`,�,1* k7l f�^=&w�¨^=WX&)(%�£��^=& dXk7l �h([,�f�^e, u � *',¦^=& l�� "%Ww*'" d $ ZY(%W}f1^=&V\�¯9ZqZq^=WX&)([^��$0,

gij Ä

δ

∫

K

Ã
em ωK =

∫

K

(
δ
Ã

em ωK +
Ã

em δωK

)

	
	 

=

∫

K

(
− 1

8π
FijFklg

ikδgjl + 1
2

Ã
emg

abδgab

)
ωK

	
� 

=

∫

K

(
+ 1

8π
FijFklg

ikgjaglb + 1
2

Ã
emg

ab
)
δgab ωK

= 1
8π

∫

K

(
F kaFk

b − 1
4FijF

ijgab
)
δgab ωK

� ^e&hgi,�^=&)20([^=�?��Z � /�" d �P��^`, d $'&��L®9&hf1^ d ^e"[^=�
WX&)$0Zq*'20,�^eW)( dXk7l ^e,�!�^e"[f�^ d ( d W *�" d $
T ab

em = − 1
4π

(
F kaFk

b − 1
4FijF

ijgab
)
,$
f�^e&h,1* k;l ��^=&)/�,_W)^=&)�e([^ l ^e,�f�^=& ��,�f�([�e^ d Ä

T
(em)
ab = − 1

4π

(
FakFblg

kl − 1
4gabFijF

ij
)
. Í v s�Î� ([^ d ^`,�W d�� &)( k;l W f�^`Z C;B'Ë�Ë
:eMN<7>LCe5=69:7J��AJ¥:=< ��>?:eÔ��)Ë
��É9ÈÊC;Ô���:=J1CeÇ�<7­_�h([^ Zª*�, ( l , dXk7l $0, *'/ df�^e&hgi"%^e�_WX&)$
f9¯9,1*'Zq(%�
��^e,�,�W u
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ÂÀ(%&}�`^e([2'^`,¦,_/�,�­�f1* dXd f�^=&wgi,�^e&)20(%^e�?��Z � /�" d �P�}^e, d $�&R^=& l *'"%W)^e,¦( d W`­Gf u l u f1* dXd f�([^V��$G�'*�&)(��*',�W)^ ¢ ¤�"%^`(�W)/�,12
DjT

ij ��^e& dXk;l ([,�f�^eW uG� *'�e/I¤¥^eWX&;* k7l W)^e,I�h(%&}^e([,�^ t �?!1$'&)Z Ω[Ψ]
­Gf�([^V^e([,�([,9�

�0*�&)(+*',�W)^ d !1/�,��_W)([$0,1*'"1��$0, �}^e, d $'&)�E^e"[f�^=&), Ψ
( d W`­
(%,
f1^eZ©\_([,�,�^'­
f1* dXd ϕ∗Ω[Ψ] = Ω[ϕ∗Ψ]20(["�W`­��E®9&¦*�"["[^ � (��¥^e$0Zq$'& �1l ( d ZY^`, ϕ ∈ Diff(K)
u \
^e(#,
/�,

X
^`(%,���^`, d $'&)�L^`"%f�*'/�� K ZY(%W

X|∂K ≡ 0
/�,�f

φt ∈ Diff(K)
f�^e&��e/12'^ l�c &)(%20^£!#"[/ dXd u1� *',�,�( d W�f1(%^ b ([^`*�¤1"[^e(%W)/�,�2Y�0$0, Ω,1* k7l X f�^e«1,�([^=&XW *'" d Ä

LXΩ[Ψ] :=
d

dt

∣∣∣∣
t=0

φ∗t Ω[Ψ] =
d

dt

∣∣∣∣
t=0

Ω[φ∗t Ψ] .

¢ ,�f1^=&)^=& d ^`(�W d �h( dXd ^`,Ñ�h(%&`­Vf1* dXd LX = iX ◦ d + d ◦ iX
( d W uV� * Ω

^`(%,1^ t �?!�$�&)Z /�,�f
dimK = 4

( d W`­�^e& l1� "�W Zª*', dΩ = 0
/�,�f.f�^ dXl *�"%¤�Ä

∫

K

LXΩ =

∫

K

d(iXΩ)
	�� 

=

∫

∂K

iXΩ = 0 ,

�A$'¤¥^`(#([Z "%^eW)�=W)^`,S\ k7l &)(�WXWI��^=&X�A^`,�f�^eW£�h/�&)f�^'­�f1* dXd Ω
Z�/�"%W)(%"[(%,1^`*�&�( d W�/�,1f X *�/1�if�^`Z

 *',�f ∂K ��^=& dXk7l �h(%,1f�^=W u � *',�^e& l1� "�W *'" d $ª*'" d gV&)20^=¤1,�( d Ä
∫

K

d

dt

∣∣∣∣
t=0

Ω[φ∗t Ψ] = 0 . Í v0v Î
\ � ^e�e([^e"["i20(%"%W�f�([^ d ^ d gV&)20^=¤�,�( d �L®9& Ω[g] = (

Ã
MωK)[g]

­}f1*.([,�Ã
M
*�"["[^ � *�&XW)([^e"["%^`, ¢ ¤��"[^e(%W)/�,�20^e,Ñf�/9& k7l ��$G�'*�&)(+*�,_W)^�^e& d ^=W)�=Wq�h/9&)f�^e, u Ui^=&X�A^e,1f�^=WqZª*',Ñ,_/�, Í s � Î Zq(�W δgij =

(LXg)ij

­ d $ª^=&)20(%¤�W d ( k7l f1*�&;*�/ d Ä

− 1
2

∫

K

T ij(LXg)ij ωK =

∫

K

d

dt

∣∣∣∣
t=0

(
Ã
ωK)[φ∗t g] = 0 .

Â (�&��h( dXd ^`,
,�$ k;l ­_f1* dXd (LXg)ij = Xi;j +Xj;i
( d W u � /9W)�=W�Zª*',ªf1(%^�\�¯9ZYZq^eWX&)(%^h��$0, T ij*'/ d ­ d $ª^=& l1� "%WhZª*�,.f1*'Zq(%W`Ä

0 = 1
2

∫

K

T ij(Xi;j +Xj;i)ωK =

∫

K

T ijXi;j ωK

�������
=

∫

K

(T ijXi);j ωK −
∫

K

T ij
;jXi ωK .

� ^`,¦^=& d W)^`,��}^=&)Z �L$'&)Z¦W#Zq*',¦Zq(%Wwf1^eZ m£*'/9§1j dXk7l ^e,ª\
*�W)� Í=j Î ([,�^e([, fh¤¥^e&�� �'k;l ^`,�([,�W)^e2'&;*'"/�Z�Ä
∫

K

(T ijXi);j ωK =

∫

∂K

〈T ijXi |N〉ω∂K = 0 ,

f1*
X|∂K ≡ 0

,1* k;l UV$'&;*'/ dXd ^=W)�`/�,�2�­�f u l u f�^e&�^=& d W)^ª�}^=&)Z "[([^e�E^=&XWI��^`(%,�^`, _ ^`(�WX&;*'2 u�� *([ZÒ�e�A^e(%W)^e,��}^=&)Z d $G�A$ l " X *'" d *'/ k7l K ¤¥^e"[([^=¤1([2�20^e� ��l "�W �A^=&)f1^e,�f�®9&)�E^e,�­
¤¥^e�0$0ZqZq^e,�h(%&hf1* d 20^e�h®�, dXk;l W)^�gR&)20^e¤1,�( d Ä
T ij

;j = 0 . Í v0y Î
� ± ·I~�µ ³ ~�¶ ³ ¸¥�}|��}µ ³ ��¾ ³ � ��	}µ »�~�|Y���T#�¸ � �R�9¹L¶`��½
	�|=¶G�9�

� ([^£��$0Z¦¤1([,�(%^e&XW)^e,.!1^`"%f��?� *�W)^=&)([^=��m�"[^e( k;l /�,12'^`,o�L$0"[20^e,.*'/ d f�^eZ U�*�&)([*�W)([$', d�� &)(%,1�e( �
δ

∫

K

(
− 1

16πGN
R +

Ã
M

)
ωK

"
= 0 , Í v t
Î

�A$'¤¥^`(�,1* k7l f�^=&q�¨^eWX&)(����0*�&)(%([^=&XW��h(�&)f u#¢ / d f�^`, "%^eW)�=W)^e,S¤�^e([f�^e, ¢ ¤ dXk;l ,�(%WXW)^e,��h( dXd ^`,�h(%& dXk;l $0,�Ä
δ

∫

K

RωK = −
∫

K

Gijδgij ωK

/�,1f
δ

∫

K

Ã
M ωK = − 1

2

∫

K

T ijδgij ωK .
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