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Schwarzschild manifold

ds® = (1 —2M/r)(—dt?+(1 — 2M/r)~2dr®) + r*(d6* + sin® 0d¢?).

dr, =(1—2M/r) tdr,
r =3M <=r,=0.



Maxwell equations

Fiag) =0
VirFag =0,
VF,s =0.

» Decoupled problem.

» |nitial data

Fas({0} x R x §%) =(Fo)as

(with constraint).



Sets of vectors
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Bases
X={T,R,0, o},
X ={T,R 6,6}
Symmetries
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Electric and magnetic components

EX:F'AFX XE{? )

b},
éx =Fyz X,Y,Z a cyclic permutation of R, ©, ®.

|E* =|Exf* + + |32,
|B|> =|Bg|® 5l




Spherically symmetric solutions

2 _ Qe

R _ﬁv

3 ds
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» Only spherically symmetric solutions.
» Slow r, decay, no t dynamics = reject.



Null tetrad

Null tetrad
I—F+R A=T-R

T=T+R, @=01-2M/r){T—R), r
L=T+R, N=T-R,

éa, r_leB

€a, r_leB

€a, €B.
Complex tetrad: replace angular piece by
-1 1 A -
r-ea, r Tegt— m=0+ P, m
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Null components

¢1 :F(7a m)
bo :%(FO, A) + iF (m, m))
¢—1 :F(h, ﬁ’)?

& =F(L, M),
®, :%(F(L, N)(1 —2M/r)~r? + F(M, M)),
d_y =F(N, M).



Decay estimates

up =t + ry, u_=t—r,.
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Vector fields: “conserved quantities”

Matter:
Tos-
For X<,
PPy =TapX?,
Ex[F](S) = /S X)p,dv,

Ex[F](t) = / )P, dve.
{t}xRxS2



Vector fields: “conserved quantities” |l

X)gaB —yyoxB 4 o xe,

Stokes’ Theorem

/ X p,dv = E / V7B T pd*x.
o0 2 Q



Vector fields: “conserved quantities” Il

T(1,7) =|¢:f?,
T(1,7) =],
T(A,7) =|¢_1|?

Er[F](t) /{t}xRstZW (1—2M/r)r*dr.d*w
=E7[F](0).



K =(t* + r.2)0; + 2tr,0,,
1
:E(U+2L+ U_2N).

4E[F](t) =
/ (2] + (U2 + u2)|gol® + v2|¢-1]*) (1 — 2M/r)dr.d*w.

Ex[F](t2) — Ex[F](t1)

= / <1 - — (1 — ﬂ)) |pol?(1 — 2M/r)r?dr,d*w.
[t1,t2] xRx 52 R

'

Positive in compact set




Price equations

Ndy =Mdy(1 —2M/r)r2,
Ly =M, + cot 6,
Nbg=— Md_; — cotfd_q,

Ld_y = — Mdo(1 —2M/r)r 2.



Spin Reduction

» Wave equation
1
— 0P + O Dy = (1= 2M/r)(=Ds2)P.

» ®qy controls growth of all Ek.



Wave estimates

Er[®o](t) = E7[®0](0),

Ex[®o](t) — Ex[®0](0)
_ / F(1— (1= 3M/r)| Xol(1 - 2M/r)r2dr,d?wit,
[£,0] xRx 52 r

< ¢ sup Ex[®o](t) + CET[A%®o]. (3)

t'€[0,t]

For (3), use txLcg0,., with x| c supported on |r,| < t, g’ > 0,
and g = 0 at the maximum of r—2(1 — 2M/r).



Erloul(e) = 3 ErlCa F10)

Eic[®o](t) Z Ex[Le,F1(0)-

Ex[F](t <ZEK[£@F] )+ ) Ex[LE,F1(0)
O;

k=0
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