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§1. Introduction
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O 000 100 quasi-linear system
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(1). J'OOO0ODDDOD: weakly hyperbolic

(. J'0D000000: diagonalizable hyp.
(H1). JJODODDOD 00 symmetric hyp.
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Ashtekar [ []
A. Ashtekar, Phys. Rev. Lett. 57, 2244 (1986).
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e Iriondo et al. Phys. Rev. Lett. 79, 4732 (1997).
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e Detweiler, Phys. Rev. D35, 1095 (1987).
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§2. Ashtekar’s formulation

Hgugugn

o E': tetrad 3+10 00 O triad0 weight +1
o A¥: Ricci connectionO chiralD OO OO O

(¢ = x, y, z spatial index),

(@ = (1),(2), (3), SO(3) index),
e gauge function (IN, N?, Ag)
Einstein] 00 [

e Constraint
i .
CH — ZGGZEZILE%F’I% ~ 0,
CGa, = DiEZ’L ~ 0,
where FiC;- = 87;.«4;-" — 0; A} — iea’bcAgAg
e Equations of motion
OHE. = —iD;(e® NEIE}) + 2D,;(NVEY)
—I—iAgeagEé, |
8tAg’ — —iea%]XEgFicj + NJF]% + DzAS
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e metric reality:
(primary condition) Im(E" Egl) =0

a
(secondary condition)

WU = Re(eabcﬁgEészEg)) =0
e triad reality:
(primary condition) Im(l?é) =0
(secondary condition) W* = 0 and
Re(Aj) = Bi(]y)Ei“+%e‘leg]ijaajE,’;+NiRe(Af)
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§3. Constructing Hyperbolic systems

Ashtekar(] OO O O (weakly, diagonalizable, symmetric)
Jo000o0doo0odododon dd Uconstraint

OJo000o0oooooooooooooooood
metric realityd 0O [

e (la) 00O 0O0O0O weakly hyp.
000 = {0(6), N* (4), N\ N/~ (4 each)}
e (Ila) diagonalizable D 0 OO0 OO 00O OO

NY £ 0nor + NW, and v > 0
0000 (la)b0 OO

triad realityd O [

e (Ib) triad reality[d secondary condition:
Re(AQ) = 9;(N)E" + e~ e NEI%(8, E})
+N'Re(A?) = (9;N)E*® 4+ N'Re(AP)
000200
&N =0, A2 = A?N* 00000 weakly hyp.
(O)triad reality D 0000000000000 O
0000

000 = {0(3), Nt (7), N\ N/~ (4 each)}




000000000 constraint] [ [

e (Illa) symmetric hyp.0 O O O O triad realityd O O
(ex. 0O OO0 0:E: — B = 0)
N =0, A = ACN*0DOC
(Iriondo et al. 0 O O O)
constrantLJ D O OO0 OOOOOOOO O
00 term to 8,;1772 = (N%gp + i]yeabcEi)Cg
00 term to OpA? = 6_2]yEfCH—ie‘2]ye“bchiEgCMj
000 ={N @), N\ £ /¥UN (5 cach), N' 3 /vIN (1 each) }

e (Ilb) DO OO OO0 O metric realityd 0O O O
diagonalizable hyp. O OO0 OO OO

hyperbolic| Eqgs of | reality gauge conditions
system motion |condition required
la original | metric -

Ib original | triad Al = .«élfNz O;N =0

Ia original | metric | N! # 0, =N /4% (4" #£ 0)

I modified | metric Af = A;"‘Nz

[Ila | modified| triad | A% = A!N* 9;,N =0
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§4. Asymptotically constrained and

real-valued system

0000 Brodbeck O constraintd OO 0O 0O O O O
OO0oood

000 Ashtekar U O O 0O OO O
constraint0 0 0 000000 0O0OO0O0OO
0000000 sym. hyp.OOOO O OO
system ] [0 0 O O (Brodbeck et al.)

1. dynamical J OO O symmetric hyp. 0 [
Ou = Ju + K

2. constraint C'(w)~ 00 O O O constraintd O [
0;C = DC' + EC

3.00A000:0000Ax=00000
oA =aC — BA (a#0,8>0)

4.000 (u,\)00C
9 u) J 0 u,—I—K U
Al T LF o)A A
5. 000 8uld MDD DOOO sym. hyp. A-system

(3)=[r o )3 +x[3
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asymptotic constrained ] [0 [J [ [
AU COOO system O [

l.constraintD 0000000000
0;C = DC'+ EC + G\ + HN

2.000000
Az, t) = [A(k,t) exp(ik - 2)d°k
C(z,t) = |C(k,t) exp(ik - z)d°k

vo(3)= | e ot slld
C —Gkk + iHk iDk+ E)|\C
000000 0oo0DoooDood
00000000000 D000(—A) ODOCO
000 300000000 (X, C)D asymptotic
O exp(—At) DD O00D0DOO
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§5. Discussion

constructing hyperbolic systems
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(Alcubierre et al. gr-qc/9908079)
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Experiments of A-system using Linearized equations

Ei =8 +WE L @R 4 ...
AP = 04+MA2 + U2 ...

F: = 8,A7 — 9;A7 — i€y AVAS
~ 8;((MA?) — 8;(MA?) +8:(PAT) — 9;(PA7) — i€ (PAY)(MAS) + - --
(1) (2)

controlling Cgr and Cpy

0Cn = —d;Cu; + a1 (9;8;))
8:Cri = —0,Cr + i€7°0;Crrn + @2(8:9;);) + @2(8;9;);)
OA = a1Cag — B1 A,
A = éMi — B2 A,

In the Fourier space,

b — B4 0 a 0 b

5 A _ 0 — 356! 0 azag" A]
Cr N 0 0 — ik Cu
C i 0 —askik! — ask k™8 —ik; —e™ky, ) \ Carj

Characteristic equations are (if ko = k3 = 0)

0 = 5134+(51+52)333+(2072’6?0424-’6?4—071’6?041+5152)332
+(251072kf042+52kf+071kf52041 —|—[31kf)w—|—2071k‘11a1072a2—|—[31b2kf

e Eigenvalues becomes negative (real-part) if B2 > 0 in the former eq.

1
exact sols = B2 — ik & V—k2 — 4a2k? + B2 — 2ik,3,],

e Eigenvalues can be negative (real-part) by a certain choice of a;, 3;.

controlling Cgr, Cpr, C and reality conditions

Under investigation.
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