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u, 1000 100 quasi-linear system
Oih,, = Jlﬂa(u)aluﬂ + K, (u)
(I). J)'OODODDOOODO: weakly hyp.
(I). J'OO0000D0O: strongly hyp.
(IIN). J'O0D000000: symmetric hyp.
Einstein eq. (u,v =t,z,y,2)

R, =0

ADMOO (4,5 ==,y,2)
equation of motion
Ovij = —2NK,; + D;jN; + D;Njy,
8:Kij = N(®R;y+trKK;j) —2NKyK'; — D;D;N
+(DjN™)K i + (DiN™)Koj + N Dy, K5
constraint

CAPM .= OGR4 (rK)? — Ki{j K9 = 0

Cﬁ?M = Dj(Kij — PyijtrK) ~0
hyperbolic reduction by

Bona-Masso, ChoquetBruhat-York-Anderson,
Frittelli-Reula, Friedrich, ....



Ashtekar (0 [ (¢, = 2z,y,2,a,b=1,2,3)

A. Ashtekar, Phys.Rev.Lett.57, 2244 (1986).
triad:Ef1 O conection:t A0 0000000

equation of motion

BF: = —iD;(e, NEIE) + 2D, (NUED) + idle S B,
BA; = —ie NEJFS + NIFS + DiAg
constraint
P iy
cHh = Ee“‘;E;EgFi‘; ~ 0, Cart = —FLE! =0,

Cézh = ’D1E~2 & 0 where Fl‘; = &'A; — 0; A7 — ieabcAgA;?

metric reality

(primary) Im(EZEJ) = 0

(secondary) Wi .= Re(e“bCEijzgkaE?) =0

triad reality

(primary) Im(E%) = 0

(secondary) W% = 0 and

Re(Ag) = (0:ilV)E*“+3e? E)N E/*0; E{ + N'Re(A})



Ashtekar 0 hyperbolic reduction

metric reality O 0O

e (Ia) 000 0ODO weakly hyp.
000 = {0(6), N' (4), N'£N /4% (4)}

e (IIa) strong hypO O OO OOODOOO

N! #£ 0 nor + Ny~
0000 (la)000

triad reality O O O

e (Ib) triad reality O secondary condition:
Re(A$) = 8;(N)E"*+L1e 2E? NE*9, Ei+ N*Re(AY)
= (0;N)E** + N'Re(Ag) U D0 200.

;N =0,A2 = AN 00000 weakly hyp.
000 ={0(3), N'(7), N'+N /7" (4)}



000000000 constraint [0 [0 0

e (IIla) symmetric hyp. O 0 000 triad re-
alityD 00 (ex. 00000 O:E — B = 0)
= A!N'000
constraimt 0 OO0 O0O00O00O0OO0OO
OO0 term to 8t1773
= (Niéab + i]yeabCEi)Cg
00 term to 8:.A¢
= e—zzyEch — ie_zNe“bCEbiEgCMj
000 ={N!(6), N' & /4N (6)}

e (IIb) 0O 00O OO0 Ometric reality 0 O
00 strongly hyp. O OO OO0 OO

oO;N =0, A3

hyperbolic Egs of reality gauge conditions
system motion | condition required
la original metric -
) original | triad | A% = AYN%, ;N =0
Ia original metric N #£0,£N /AU
11y modified | metric Al = AYN?
Hla modified | triad | A% = A!Nt, ;N =0
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— (pre-print) Hyperbolic formulations and numerical rela-

tivity: experiments based on Ashtekar’s connection variables

Further

Ashtekar hyperbolic system O O O O O asymp-
totic constrained system

— (pre-print) Asymptotically constrained system: experi-

ments based on Ashtekar’s formulation



