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1 The Bondi’s formalism

ds® = (‘;626 — U2r2627) du® + 2¢*’ dudr

+ 2Ur*e* dudd — r* (e%dez + e ¥ gin? Hdgbzll)
Regularity conditions: sin 6— > 0

V,3,U/sin®,~/sin” 60 (2)

each equals a function of cos f regular on the polar axis.

v = c(u,0)r— + (C’(U, 0) — écg) re L (3)
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U= —(cp+2ccot0) 7“_2—1—{2N(u, 0) + 3ccp + 4c* cot (9] P

(4)
V = r—2M(u,0)

1
— (Ng + Ncotf — c; — decgcot O — 202(1 + 8 cot? 6)) rt

ﬁ——12‘2+... (6)

where letters as subscmpts denote derivatives, and

4C, = 2¢°c, + 2cM + N cot § — Ny (7)

1
M, = —c* + 3 (cop + 3cocot @ — 2¢), (8)
—3N,, = My + 3ceyy + 4ee, cot 0 + c,cq (9)

/0 (u, 6) sin 0d6 (10)
Lom o
Mu = =5 " 2 sin 0df (11)

1. If v, M and N are known for some u = a(constant)
and ¢, (the news function) is known for all u in the in-
terval a < u < b, then the system is fully determined

(5)



in that interval. In other words, whatever happens at

the source, leading to changes in the field, it can only

do so by affecting ¢, and viceversa. At the light of

this comment the relationship between news function

and the occurrence of radiation becomes clear.

2. As it follows from (11), the mass of a system is con-

stant if and only if there are no news.

1
ut = (A,o,o, o) (12)
1/2
A= (Vew — U27“2627) (13)
r
w® = (0,0,0,w) (14)
2 2¢*7 A
6 _ _ °© 23 “C€ 40 (1122
S g = (U,
2Ur?e? e? (Ure?),
+ A+ Ve
Ur?e®
- = 28,67} (15)
—20—y A
O = (_wawa)l/Q _ € S {259€2ﬂ . 2625146 _ (UTQGQ'Y)
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A, 26 23
+ 2U7“2627A + 12 (U?“2e27)u — 2ﬂu(j42U7“2e27}

1
Q= ——(cyp + 2c, cot b
2r(ce—i—cco )

1
r2

Cug + 2¢,cotf =0 (18)
F(u)

¢ sin? (19)

Flu)=0=1¢,=0 (20)

Let us now assume that initially (before some u =
uy =constant) the system is static, in which case

N,=¢,=0 (21)

My =0 (22)

and €2 = 0 (actually, in this case 2 = 0 at any order)
as expected for a static field . Then let us suppose that at
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(16)

— [My — M (cyp + 2¢, cot ) — ccyg + 6ccy, cot 0 + 2¢,,¢4]
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u = g the system starts to radiate (¢, # 0) until u = uy,
when the news vanish again. For u > uy the system is
not radiating although (in general) My # 0 implying time

dependence of metric functions (non-radiative motions).

1
For uw > wuy there is a vorticity term of order — de-

2
r
scribing the effect of the tail of the wave. This in turn
provides “observational” evidence for the violation of the
Huygens’s principle, a problem largely discussed in the

literature.

2 The magnetic and electric part of Weyl ten-

Sor
Eag = C'mg(;?ﬂué (23)
. 1
Hap = Coppsu’u’ = 5€aresC Dy o = V=G Ty
(24)

Nagys = +1for a, 3,7, 0 in even order, —1 for «, 8,7, 0
in odd order and 0 otherwise. Also note that

2

V=g = r’sin0e?’ =~ r?sin fe 22 ~ r2sinf + O(1)

C101017 C(01027 C'01127 002027 C(02127 C10303
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C(03137 C’03237 012127 C113137 C’13237 02323-

r4sin” 0 2 4 27—2 ) 2
egﬁ ClOlO =€ (V —Te )01313 — 2r<e 00313(25)
2 2
r“sin“ 0
e27 C{0112 = 62561323 — T2€2701313(26)
212 sin? 6
62700212 = €% Cozo3 — 1”1 C1313(27)

Sil’l2 (901212 = —6470131i.28)

H)=H!=H)=H)=H = H, =
—H;=H'=H; =H)=H; =0 (29)

1
HY = —~{2¢, cos 0 + cg, sin 6}
r

1
+ 3 {4cy(c — M) cos b

3 7
+ {Q(Nu + My + Cucﬁ) + éccé)u — 2Mcy, | sin (9}
;2 { al 1+ 2¢,]
r3 | sinf Cu
+ [BMecy(c — M) + Ny(1 — 2¢,)
5
4 262% — Ncg, — P, — 4Mc| cos @




7
+ |2(N — Mcy) — cgu(TMc — 4M? — Ny — 4c2)

1
+ 3M(N, + My) — Py,

5
— 3cMy+ Ngg + ¢y (8N +3Mcy + 200@)

sin 6}
(30)

1 :
H; = . {(cocuu + cou) sin @ + 2(ccyy + ¢,,) cos 0}

1 {4ccu cos  2c,co — ccyy
r2 | sin’é sin 60

1 5
+ [—209099u + (QM — SC)CQCW — 2<009u + Cuc@)

3
—2Ncy, — 2<Nu + My)| sin

1
+ [—6CCu + 4C(M — C)Cuu - 56966& — CChou

1 [8ccy(M — ¢)cosb 1
+7“3 { sin’ 6 * sin 6 [cucl c)+ ‘

+2Nceyy + cegy(Te —2M) — dey, N — cMy| +

Cos 9}

1
[2P9u — Ngg — 2N + 4cMy — 4¢,N + 2¢N,,

9 1 1
‘|‘Cu69(—26—M+CCu-|-2699)+CQ(2M—CMU+PUU—|—NQU—|—2MQQ)
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19
—|—CQU(—4C2 + 203 + 2Mc) + cgou(N + 3ccg — Mcy)
1
+cypCuu(—6Mc + 202 + Ng +4M?*) — 2Ncyy(c +2M)| sin 0
1
+ 26(2M + Ngu + Puu — CMU + 2M99)

3 3
+cy(—2Mc — 262 + 2c%¢, + 203 + ccyp)
+cou(N — Mcy + 8ccy) + cuu(c® 4+ 2¢Ny + Ny — 8Mc* + SM*c)
1
+CC@9U(5C — QM) — 69(2M9 + Nu) + P, — Ny

COS 9}
(31)

1
HF =~ {sinfc,,}
T

1 (2, 1 ! |
+7°2{si§8 B 569“ cos ¢ + QCW(M— C) — Cy — iceeu Sin 9}
1 M—c [3 1
- 4 U —Cy, _Nu_*M
+r3{ C sin + {26 € 5 Mo
7
+Ncuu+(20—M)69u cos 0+

5 1
[(20 — M )cpo, + (2699 — M)c, + 2cqcy,

+Cuu(26* + 4M? — 4Mc + Ng)+



1
2M99 —cM,, + Ny, + P, + CC?L

sin 9} (32)

1 2¢, cos O + ¢y, sin 0

H3 = — 33
L y3 sin® @ (33)
1 c
H3 U
rsin 6
+ {2 (c+ M) 1 Lot 6 + 2 }
CyulC — Cy — —Cpoy — — Cot Ocyy,
r2sin 0 o b0 2 b sin® 6
N 1 {4Mcu
r3sin@ | sin®6
1 1 1
+cotd |—N, + Ncy, — §Cu69 — (26 + M)cg, — 2M9]
1
+cuu(Ny +4Mc + 4M? + 2¢%) + cc + (2699 — M)c,+
1 1
(26 — M)C@gu + P, + 2M99 + cycg, — cM, + Ngu}
(34)

B =E)=E=Ey=E,=E;=E,=E =E;=0
(35)

2(ce, + M) (36)

73

EY =

Eg _ 2¢, cos 0 + ¢y, sin 6

rsin 0
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1
2 sin Or?

1 AN
g {[1 +20,] 4 cot 6 [4(Neg + Py — Ny)

_|_

{8Mc, cosO + [cou(4M — 3¢) — 3(My + cycy + N,,)] sin 6}

+ cu (32M% + 8N, — 42(;2)}
+4 (N — 3cN,, — Ng@) — 12M (Mg + Nu)
+Cou (4]\79 +16M? — 136 — 12Mc)

¢ (30ceq + 12Mey + 32N) + 2P, } (37)

2cc, (14 cos?0)  (copcpy +2M)  2cosO(c,co + ccoy)
o 3 a2 + 3 + 3«
r3sin” 6 r 7 sin 0

(38)

El =

2(cCuy + €y) cos O + (cocyy + cgy) sin b

Ey =—
2 rsin 0

1
s {S(Nu + My) + can(2ccg — AMeg + AN) + 5cgey + cocopn +
cCoy + cot 0 [2¢(cpgy + 2¢, — AM cyy) + ooy

2 8
+sin2 Q(CCQU — 2cycy) — 513 5 CCu 08 9}

cos 6 N 1
sin@  sin%6

1
—— {8CCU(M —¢) [(AM — Tc)eyco — 4eyN

r3
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+2Ncey, + (2 = 2Mc)cgy + N — o My + QNu)]

1 15
cu(—zcg — 2Mec + cegg + 2cPcy, — —C7)

t 6
+ co 5

1
Cco (CWN + (3¢ — M)cg, — N, — QMQ)

+cCuu(8M? — 3¢® + 2Ny) + ccggu(3c — 2M)
4 cguN 4+ Mg+ Py — Ny + 2¢(Pyy + Nyw — M — cMu)]

7
+Cuu (09(—202 + Ny — 2Mc + 4M2) — 6Nc — 4MN)

1 9
+cy (09(209g — 56~ M + ce,) — 4N)

15
+cgulci +2Mc — 402) + coou(IN — Meg + 2ccy)

1
+CQ(2MQQ — M + Ny, + P, — Muc)
1
— Npg + 2P9u —cN,+ N + CMQ} (39)

2¢y, cos 6 + cy, sinf
B2 — — 40
L r3sin (40)

1 4
E22 = —%—l—i {C@@u —4Me,, + 2¢, + cot Ocy,, — Cu }

r  2r? sin? 0
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1 1
4= {Muc — My + M — Ny, — P,
rs 2

+ cot 0

1 1 1
Mcy, + 2M9 + N, — écc% + 509% — Ncuu]

4(c— M) |
u T 9 A - - u - A
+c ( <2 f + M —c—cc 2699)

3
—Cuu<4M2 + Ng) — CyCpy + C@@u(M — 20)} (41)

5 Cyu 1 4c,
E3 = 7—277“2 {CQQU — 4MCW + 2Cu + cot QCQU — SIHQQ}
1 1

+ﬁ {M + Ny, + P, + 2M99 —cM,

5 1 3
+ cot 0 500% — 2M9 — N, + Ncyy — Mcy, + 26u69]

4M 1
+cy (sin2 7 +ccy, — M + Co9 — c)

3
+Cuu(4M? + Ng) + 2cqchy + (20 — M)C@@u} (42)

3

PEC—%. (43)

Q=HYE",  L=EYE) - HYH. (44)
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Q=0 (45)

2

L= 5 {3(ccu + M)? + (¢* + 6P)cyy

+6N (cou + 2c, cot )} + O(1/r") (46)

3 Vorticity and gravitational radiation
4 Discussion

e What consequences do emerge from the vanishing of
the magnetic part of the Weyl tensor?.

e What consequences do emerge from the vanishing of
the electric part of the Weyl tensor?.

e How do different types of fields (radiative, non radia-
tive but time dependent, and static ) enter into the
electric and magnetic part of the Weyl tensor, and
into the corresponding invariants?.

e Why does gravitational radiation produce vorticity?.

H§ =0
CouSin 0 + 2¢, cos 0 = 0 (47)
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¢y = 0. (48)

My = N, =0, (49)

Nygsin® 0 + Nygsin 6 cos § — N cos 20 — (2¢M sin® 0)y = 0

(50)
2cM
pu— 1 1
N (/Sin9d9+a)81n9 (51)
C, =0. (52)
Eg =0
¢y =0, (53)

14



