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1 The Bondi’s formalism

ds2 =


V

r
e2β − U 2r2e2γ


 du2 + 2e2βdudr

+ 2Ur2e2γdudθ − r2
(
e2γdθ2 + e−2γ sin2 θdφ2

)
(1)

Regularity conditions: sin θ− > 0

V, β, U/ sin θ, γ/ sin2 θ (2)

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

γ = c(u, θ)r−1 +


C(u, θ)− 1

6
c3

 r−3 + ... (3)
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U = − (cθ + 2c cot θ) r−2+
[
2N(u, θ) + 3ccθ + 4c2 cot θ

]
r−3...

(4)

V = r − 2M(u, θ)

−

Nθ + N cot θ − c2

θ − 4ccθ cot θ − 1

2
c2(1 + 8 cot2 θ)


 r−1

+ ... (5)

β = −1

4
c2r−2 + ... (6)

where letters as subscripts denote derivatives, and

4Cu = 2c2cu + 2cM + N cot θ −Nθ (7)

Mu = −c2
u +

1

2
(cθθ + 3cθ cot θ − 2c)u (8)

−3Nu = Mθ + 3ccuθ + 4ccu cot θ + cucθ (9)

m(u) =
1

2

∫ π
0
M(u, θ) sin θdθ (10)

mu = −1

2

∫ π
0
c2
u sin θdθ (11)

1. If γ,M and N are known for some u = a(constant)

and cu (the news function) is known for all u in the in-

terval a ≤ u ≤ b, then the system is fully determined
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in that interval. In other words, whatever happens at

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

do so by affecting cu 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.

uα =


 1

A
, 0, 0, 0


 (12)

A ≡

V

r
e2β − U 2r2e2γ




1/2

. (13)

ωα =
(
0, 0, 0, ωφ

)
(14)

ωφ = − e−2β

2r2 sin θ
{2βθe2β − 2e2βAθ

A
−

(
Ur2e2γ

)

r

+
2Ur2e2γ

A
Ar +

e2β
(
Ur2e2γ

)
u

A2

− Ur2e2γ

A2
2βue

2β} (15)

Ω ≡ (−ωαωα)1/2 =
e−2β−γ

2r
{2βθe2β − 2e2βAθ

A
−

(
Ur2e2γ

)

r
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+ 2Ur2e2γAr

A
+
e2β

A2

(
Ur2e2γ

)

u
− 2βu

e2β

A2
Ur2e2γ} (16)

Ω = − 1

2r
(cuθ + 2cu cot θ)

1

r2
[Mθ −M(cuθ + 2cu cot θ)− ccuθ + 6ccu cot θ + 2cucθ]

(17)

cuθ + 2cu cot θ = 0 (18)

cu =
F (u)

sin2 θ
(19)

F (u) = 0 =⇒ cu = 0 (20)

Let us now assume that initially (before some u =

u0 =constant) the system is static, in which case

Nu = cu = 0 (21)

Mθ = 0 (22)

and Ω = 0 (actually, in this case Ω = 0 at any order)

as expected for a static field . Then let us suppose that at
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u = u0 the system starts to radiate (cu 6= 0) until u = uf ,

when the news vanish again. For u > uf the system is

not radiating although (in general)Mθ 6= 0 implying time

dependence of metric functions (non-radiative motions).

For u > uf there is a vorticity term of order
1

r2
de-

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

Eαβ = Cαγβδu
γuδ (23)

Hαβ = C̃αγβδu
γuδ =

1

2
εαγεδC

εδ
βρu

γuρ, εαβγδ ≡
√−g ηαβγδ

(24)

ηαβγδ = +1 for α, β, γ, δ in even order,−1 for α, β, γ, δ

in odd order and 0 otherwise. Also note that

√−g = r2 sin θe2β ≈ r2 sin θe
− c2

2r2 ≈ r2 sin θ + O(1)

C0101, C0102, C0112, C0202, C0212, C0303
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C0313, C0323, C1212, C1313, C1323, C2323.

r4 sin2 θ

e2β
C1010 = e2γ(V − r4e2γ−2a)C1313 − 2r2e2γC0313,(25)

r2 sin2 θ

e2γ
C0112 = e2βC1323 − r2e2γC1313,(26)

2r2 sin2 θ

e2γ
C0212 = e2βC2323 − re2γC1313,(27)

sin2 θC1212 = −e4γC1313.(28)

H0
0 = H0

1 = H0
2 = H1

0 = H1
1 = H1

2 =

= H2
0 = H2

1 = H2
2 = H3

0 = H3
3 = 0 (29)

H0
3 = −1

r
{2cu cos θ + cθu sin θ}

+
1

r2
{4cu(c−M) cos θ

+


3

2
(Nu + Mθ + cucθ) +

7

2
ccθu − 2Mcθu


 sin θ}

+
1

r3



−

N

sin θ
[1 + 2cu]

+ [8Mcu(c−M) + Nθ(1− 2cu)

+
5

2
c2cu −Ncθu − Pu − 4Mc


 cos θ
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+


2(N −Mcθ)− cθu(7Mc− 4M 2 −Nθ − 7

4
c2)

+ 3M(Nu + Mθ)− 1

2
Pθu

− 3cMθ + Nθθ + cu(8N + 3Mcθ +
5

2
ccθ)


 sin θ





(30)

H1
3 =

1

r
{(cθcuu + cθu) sin θ + 2(ccuu + cu) cos θ}

+
1

r2





4ccu cos θ

sin2 θ
+

2cucθ − ccθu
sin θ

+


−1

2
cθcθθu + (2M − 3c)cθcuu − 5

2
(ccθu + cucθ)

−2Ncuu − 3

2
(Nu + Mθ)


 sin θ

+


−6ccu + 4c(M − c)cuu − 1

2
cθcθu − ccθθu


 cos θ





+
1

r3





8ccu(M − c) cos θ

sin2 θ
+

1

sin θ
[cucθ(4M − 3c) + N − 2cNu

+2Nccuu + ccθu(7c− 2M)− 4cuN − cMθ] +

1

2
Pθu −Nθθ − 2N + 4cMθ − 4cuN + 2cNu

+cucθ(−9

2
c−M+ccu+

1

2
cθθ)+cθ(2M−cMu+Puu+Nθu+

1

2
Mθθ)
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+cθu(−19

4
c2 + 2c2

θ + 2Mc) + cθθu(N + 3ccθ −Mcθ)

+cθcuu(−6Mc +
1

2
c2 + Nθ + 4M 2)− 2Ncuu(c + 2M)


 sin θ

+


2c(2M + Nθu + Puu − cMu +

1

2
Mθθ)

+cu(−2Mc− 3

2
c2 + 2c2cu +

3

2
c2
θ + ccθθ)

+cθu(N −Mcθ + 8ccθ) + cuu(c
3 + 2cNθ + Ncθ − 8Mc2 + 8M 2c)

+ccθθu(5c− 2M)− cθ(1

2
Mθ + Nu) + Pu −Nθ


 cos θ





(31)

H2
3 =

1

r
{sin θcuu}

+
1

r2





2cu
sin θ

− 1

2
cθu cos θ +


2cuu(M − c)− cu − 1

2
cθθu


 sin θ





+
1

r3



4cu

M − c
sin θ

+


3

2
cucθ −Nu − 1

2
Mθ

+Ncuu + (
7

2
c−M)cθu


 cos θ+


(

5

2
c−M)cθθu + (

1

2
cθθ −M)cu + 2cθcθu

+cuu(2c
2 + 4M 2 − 4Mc + Nθ)+
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1

2
Mθθ − cMu + Nθu + Puu + cc2

u


 sin θ



 (32)

H3
1 =

1

r3

2cu cos θ + cθu sin θ

sin2 θ
(33)

H3
2 =

1

r

cuu
sin θ

+
1

r2 sin θ



2cuu(c + M)− cu − 1

2
cθθu − 1

2
cot θcθu + 2

cu
sin2 θ





+
1

r3 sin θ





4Mcu
sin2 θ

+ cot θ


−Nu + Ncuu − 1

2
cucθ − (

1

2
c + M)cθu − 1

2
Mθ




+cuu(Nθ + 4Mc + 4M 2 + 2c2) + cc2
u + (

1

2
cθθ −M)cu+

(
1

2
c−M)cθθu + Puu +

1

2
Mθθ + cθcθu − cMu + Nθu





(34)

E0
0 = E0

3 = E1
0 = E1

3 = E2
0 = E2

3 = E3
0 = E3

1 = E3
2 = 0

(35)

E0
1 =

2(ccu + M)

r3
(36)

E0
2 =

2cu cos θ + cθu sin θ

r sin θ
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+
1

2 sin θr2
{8Mcu cos θ + [cθu(4M − 3c)− 3(Mθ + cucθ + Nu)] sin θ}

+
1

4r3



[1 + 2cu]

4N

sin2 θ
+ cot θ [4 (Ncθu + Pu −Nθ)

+ cu
(
32M 2 + 8Nθ − 42c2

)]

+4 (N − 3cNu −Nθθ)− 12M (Mθ + Nu)

+cθu
(
4Nθ + 16M 2 − 13c2 − 12Mc

)

−cu (30ccθ + 12Mcθ + 32N) + 2Pθu
}

(37)

E1
1 = −2ccu(1 + cos2 θ)

r3 sin2 θ
+

(cθcθu + 2M)

r3
+

2 cos θ(cucθ + ccθu)

r3 sin θ
(38)

E1
2 = −2(ccuu + cu) cos θ + (cθcuu + cθu) sin θ

r sin θ

+
1

2r2

{
3(Nu + Mθ) + cuu(2ccθ − 4Mcθ + 4N) + 5cθcu + cθcθθu +

ccθu + cot θ [2c(cθθu + 2cu − 4Mcuu) + cθcθu]

+
2

sin2 θ
(ccθu − 2cθcu)− 8

sin3 θ
ccu cos θ





− 1

r3



8ccu(M − c) cos θ

sin3 θ
+

1

sin2 θ
[(4M − 7c)cucθ − 4cuN
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+2Nccuu + (c2 − 2Mc)cθu + N − c(Mθ + 2Nu)
]

+ cot θ


cu(−1

2
c2
θ − 2Mc + ccθθ + 2c2cu − 15

2
c2)

cθ


cuuN + (3c−M)cθu −Nu − 1

2
Mθ




+ccuu(8M
2 − 3c2 + 2Nθ) + ccθθu(3c− 2M)

+cθuN + cMθθ + Pu −Nθ + 2c(Puu + Nθu −M − cMu)
]

+cuu


cθ(−7

2
c2 + Nθ − 2Mc + 4M 2)− 6Nc− 4MN




+cu


cθ(

1

2
cθθ − 9

2
c−M + ccu)− 4N




+cθu(c
2
θ + 2Mc− 15

4
c2) + cθθu(N −Mcθ + 2ccθ)

+cθ(
1

2
Mθθ −M + Nθu + Puu −Muc)

−Nθθ +
1

2
Pθu − cNu + N + cMθ



 (39)

E2
1 = −2cu cos θ + cθu sin θ

r3 sin θ
(40)

E2
2 = −cuu

r
+

1

2r2



cθθu − 4Mcuu + 2cu + cot θcθu − 4cu

sin2 θ




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+
1

r3



Muc− 1

2
Mθθ + M −Nθu − Puu

+ cot θ


Mcθu +

1

2
Mθ + Nu − 1

2
ccθu +

1

2
cθcu −Ncuu




+cu




4(c−M)

sin2 θ
+ M − c− ccu − 1

2
cθθ




−cuu(4M 2 + Nθ)− cθcθu + cθθu(M − 3

2
c)



 (41)

E3
3 =

cuu
r
− 1

2r2



cθθu − 4Mcuu + 2cu + cot θcθu − 4cu

sin2 θ





+
1

r3



M + Nθu + Puu +

1

2
Mθθ − cMu

+ cot θ


5

2
ccθu − 1

2
Mθ −Nu + Ncuu −Mcθu +

3

2
cucθ




+cu


 4M

sin2 θ
+ ccu −M +

1

2
cθθ − c




+cuu(4M
2 + Nθ) + 2cθcθu + (

3

2
c−M)cθθu



 (42)

P ≡ C − c3

6
. (43)

Q = Hα
βE

β
α, L = Eα

βE
β
α −Hα

βH
β
α. (44)
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Q = 0 (45)

L =
2

r6

{
3(ccu + M)2 + (c3 + 6P )cuu

+6N(cθu + 2cu cot θ)} + O(1/r7) (46)

3 Vorticity and gravitational radiation

4 Discussion

• What consequences do emerge from the vanishing of

the magnetic part of the Weyl tensor?.

• What consequences do emerge from the vanishing of

the electric part of the Weyl tensor?.

• 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?.

• Why does gravitational radiation produce vorticity?.

Hα
β = 0

cθu sin θ + 2cu cos θ = 0 (47)
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cu = 0. (48)

Mθ = Nu = 0, (49)

Nθθ sin2 θ+Nθ sin θ cos θ−N cos 2θ− (2cM sin2 θ)θ = 0

(50)

N = (
∫ 2cM

sin θ
dθ + σ) sin θ (51)

Cu = 0. (52)

Eα
β = 0

cu = 0, (53)

M = 0.
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