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NOTE: 2MAEICE Y., B2 XY v s ghl g DHhOEEHELT:
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70 72 - =
ZIKE j_L’T )P = 711‘ — & Actiontzé\?%ﬁﬁ\lﬁ%ﬂﬂiff’ﬁof:1?®

Epe(x®) = — Lo[d3x]” (Th + t",) E,(x®) = —Jo[d:”x]u (1% + )

ENDEHDRFTB) T RILF—?

SIEFIE

(V) CEFHEHLZFOZXETEZESIIRFERA P a— b7 ViELHERAWT

BENGLDOHHEERZIHERAFORICE TS, IRILF—25FE=Z L7,
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5
4
A
|
=
3
D

Eij]i}% EDHMMEATANEDE 2 Ricsux.

ArakAyAREANCAMRATERNE 5 2RI

INEXTICALT

Where e,(s,): einbein of the n-th particle, s,: proper time,

T—ILREZAYDE/NT A=A E A FEIRT 568115
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g/\\\%\\OD{/ - ﬁ; — 47TG

EEE AERICOVWTERE LD L. mpen(sy,) =1 Db ET, A —

ravvanqyarn: Gy, = 2T,

AHER 72 2

where
1
747:/1&477__\/\/)1/ G;LV:R;LV__RQ,U,U

N
~ N A e | = — Y73 2 5 I/
IxRINF—EEET /I T = SM = E /dsn O (sp)0% (50)0M (@ — 2 (50))

V=9 0y (@ 78



KA MZa— =77 0018

(V) TCITRILX—BBET VI EZEHERRT S L.

3 2 .
TOO Zmn53w—a}n) TO0 Zmnqb—l— 5(w—a:n) vy

163 (x — ).
Ti0 E mpyvy, 53w—mn T”—E mnvvé (x n)

My, o MV
where O(x,t) = —GZ |£L' ;o Gla,t) = 4GZ |

Za—bhVRFUIXIL
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KA b= a— k=277 29018

BIERICA P U v 7 HROLDICERATE %,

2 4 2 3
goo = —1+goo+goo+--, gij =0i;+Ggij +--, Gio=gio+ -,

9 4 9 3
goo = —2¢, goo = —2¢% — 20, gi; = —26;;0,  Gio = i,

0 1
¢(33,t) _ —G/ds.fﬁ, (.’B ) ) Cz(iﬂ,t) _ —4G/d3$, (93 9 )’
|z — /| x — |

B! 0 2
/ | [ ¢00(x’,t) + GT(x',t) + GTY (2, t)]

x — /|
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AHb R 5 A2 2

IXRRA bZa— b7 20O T T

g ARR I —ao— bR ERLCEFARELZSZ 5,
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The matter energy

MIE DT xI)LF¥— [ZIPN OF —&X—7T

1 0 2
—/dgfc\/—gToo(wat) = fd?’ﬁc (1 + 55) (1 + goo) (TOO +T00)

Ep(t)

2

N
1

n=1

RT oy LVOIBEOFREDBRSICKEL

MBDIRANF—T2EZATH, Za— IR F—ZHBELEL,
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The matter energy

MIBDITxILF —IF—RICIRFEL UL,

dEM(t)

LREEDIRILE —HMRTFT D702

:E:?nﬂékéﬁmn,ﬁ)750

X, ENGODFEEEIDDNENHDL I EHEERLTWS,
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-H pseudo-tensor energy

EH pseudo-tensor energy

E, = — [E d3z] V=g (T + £°,)
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—H pseudo-tensor energy E,;

IPNF —X—TOITRILF—DEEHER

Ept(t) = Ey + AE(E) = Z%[l + d(xy, t) + gv?,(t) - %xn ° 1>n]

PIIRRIARIR A EEE 1 1 !

Where Ey(x%) = fxo[d3x]MT’f,TV = —fxo[d3x]uT%,

n

1
AE() = —f dxy=gth = — [ V=g R +9%°Tf, . — 9% T8a]

TxILF—DEFBEZA

dE,:(t) G (x, — xp) - (v, — v,)
o= ) mmc A s REEL AL

nkn+k
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-H pseudo-tensor energy QM
e, ®RELEVODL ! ?

____________
e So
(d .

ExI3EET S

5, A" — 0
Eessssss————) () — /M d*z 0,A%) = Eyi(t1) — Epi(ta) + | [dPz]x AR,

Stokes’ theorem

» S [d®x]i A% = Epi(t1) — Epi(t2) # 0

REAL I HZICHEHLST
THNERZEDERARBIZ2IRANX—-HL Y IDEFEETSE!



Cinstein’s pseudo-tensor energy
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Cinstein’s pseudo-tensor energy E,
IPNF —X—TOITRILF—DEEHER

Ept(t) = Ey + AE(t) — z my (1 + %qb(xn: t) + %U,%)

—a—PFYIELE—DOF ]

~ N ~ . 1
T xILF—DRFHEZE Where AR = =] dx =gt = oo™ (T, ~ Tl

dE,: (t)
=0 RELTLS |

i)
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ADM energy

1 1

Eapm(2?) := ” / [d°x]ok (hijj — hjjk) = o / [d>x]o (Pij ik — hjjrk)
r—00

where h,, := g, — 1w with the flat Minkowski metric 7, .

—_— R EREIrL R, ROEIRILF—



/I\/-

E,. £ ADM energy E,py & DS

1PN i flicH W T
2

hicj ik — hijk = Gkjgk — 9k = 4V + 4T +2¢% — 8(dd k) .

SN

1 1 -
Eapm(z Zmn (1+¢(mna t) + 2 2) ‘l‘%/dgfl'/'@b? :Ept(fb“o)-

where

Bz 0;($9;6) = lim Tzdﬂm—iqbqb-:—h:(}' lim Y T =0, V24(z,t) =4 QT _ 4 ¢S mnd® (@ — )
? 7 Boryiol r )2 r—$00 . r 3 €T, = aT = aT my r Ln).
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E, £ADM energy E;py & DS

CREBNCEEBEYS LA

1 /1
Ept(xo) = Ef [dgx]oakpk = Ef [dzx]()kpk = Eapm (x°)

Where p* = (hyjj— hijx) + O(R?), hyy = guy — Ny — % g % ' ' '
j | | |

() h= 0@ HHERERT, hO&EXIZH L0

PNIT I DS R 1A FIBRFZE (2B W T,
9935l D £ & T,
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2nd Noether charge (CDWTDZE & &

1st Post Newtonian Ja{8ldd F T,

Byt

. [2 [d%z) V=g (T% +t%) | |Ep = - L [d°z] V=g (T + %)

MEBNLEZEZET L Za—brIFNF—-%2HIR
®FELEW (R7=4 2

BOEHFIBEFZE TIEPN A2 — X —T
ADM energy & —=K
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Question

2.3 4 ODFHE . Extra Charge (fR%E2) A ?
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MEBOIRILX—EBET >/ ILDH
BT AEZEN DB BAEREZIMZRITON? ?
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Extra Charge

TE VB =0 z#ry~srn B nesczni

TxLX—EHET VL THY CBT2RANICRELREENEET 2,

Q) = [ day=g10,8"

TE VB =0 %8&LT~I L B 2RDIIZONZH?
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NY b B, 12T

NEDE R RICHEWNT, oH
n

THLF—BHET VI T”y DENETITITRD LS ICEET S,

B (@) = [Ba(sn) + Y (sn) (& — @iy (s0))] vh (sn) + O((z — 2n)*)

at ! ~ xh(sy)

1
» V.87 =0 ors Bn(8n) = = const.

Mn

CZTlE. PNiEEZHAWARIREILRW EICSERET S,
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N1

DB m % 12FH L TExtra Charge

ZO, PN olosed —4—7,

Gravitational charge

N
=» 1=N
n=1

: P
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|

— f [d3$] \/fg (TUU 4 1;00) Not conserved !!!
X

7 3 0 70
E, = _L [d _,rr;] V—g (T )+t 0) Conserved !!!
mm)  Match with the ADM energy in the asymptotically flat space time
N
* Extra charge: | @ = Z 1=N| # of particles (Gravitational charge)
n=1

(For non—-interacting massive point N-particles)

— IR FRICHE VT, RICIFEICZODDREFEEDLTFEET B,
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Discussion

* There always exists two conserved quantities in GR

B (x®) = - j [d3x], (T% + ) 0= 1=N

x0

n=1

Conserved Energy Gravitational charge

mm)  The coexistence can constrain the dynamics in GR

Eg1.) Matters disappearing completely
due to the interaction w/ gravitational fields is prohibited.

Eg2.) A creation of matters from gravitational fields is not allowed.
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Buck up



Noncovariant charge : Pseudo-tensor

1

Sa = - d*z+/— R_—/d4 (—v/—9G + 8,D%)

where
G = ga,b {Fca,dr . ple b]_-\ } D¢ — gabl—\cbc . gbc]_-\a,bc
L7=h'> T,
1 4 a 1 4
S(;*—brSG—— d$3uD = dz G
4K 4k
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