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PROCEEDINGS OF THE ROYAL
SOCIETY A

MATHEMATICAL, PHYSICAL AND ENGINEERING SCIENCES

Some spherical gravitational waves in general relativityt

By I. RoBIiNsoN
Department of Physics, Syracuse University, Syracuse, New York

AND A. TRAUTMANT]
Institute of Physics, Polish Academy of Science, Warsaw

(Communicated by H. Bondi, F.R.S.—Received 11 July 1961)

Einstein’s equations for empty space are solved for the class of metrics which admit a
family of hypersurface-orthogonal, non-shearing, diverging null curves. Some of these
metrics may be considered as representing a simple kind of spherical, outgoing radiation.
(Among them are solutions admitting no Killing field whatsoever.) Examples of solutions
to the Maxwell-Einstein equations with a similar geometry are also given.
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e Spacetimes admitting a an expanding congruence of
null geodesic with vanishing shear and twist

* Vacuum solutions r_, =0
2

2 _ oMo 2 2 2 02
ds” = (K 2 . r(lnQ*), + Ar )du 2dudr+Q2dQ
Q= Q(u,0,9)
1
N 1 o2 2 9, 1
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as
f52 Q2(0,0,0)

IS the area of the surface
r=1,u=1ug constant

2 mo o 5
Asymptotic evolution ds” = — (K - 27 —r(lnQ )u) du® — 2dudr

VoK =0 K constant The Calabi flow

2 2
Q(u,0,0) = Qo Schwarzschild solution ugsy) = kgl VPR®
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RT dynamics (Calabi flow)

Evolution problem
given Q = Q(0,0,¢)
solve

o (1 ;
GmOau <Q2> p— VQK
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* Admit a null geodesic expanding congruence with
vanishing shear and twist

e VVacuum solutions R,, = 0

7‘2

Q2 dQ?V—Q

ds? = — (K — 2% (In QQ)U) du? — 2dudr +

(A
Q — Q(u, (91, 927 o 9N—2) Evolution problem

Q(0,01,05,...,0ny_2) mm) K constant

N-dimensional Schwarzschild
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However, there is a N=2+1 stationary black hole solution (AdS): BTZ black hole

Is there any N=2+1 solution mimicking the main properties of RT? YESI
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* Admit a null geodesic expanding congruence with
vanishing shear and twist
* Non-Vacuum solutions R, # 0
2
-
ds® = — (mo + 2r(In P),, + Ar?) du® — 2dudr + ﬁdng

[Podolsky, Svarc, and Maeda (2018)]

Ty = N(i’ qb)’ with N = —% (mo(In P), + A(In P),,)
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Af = P(Pf¢)¢ the 1-dimensional Laplacian on the circle
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1
Tou = = with N=—-— (mg(InP), +A(InP),)

r 8T

Af = P(Pf¢)¢ the 1-dimensional Laplacian on the circle

d [T _dp 8 /%N(u,qb)
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(In P), = kAP

0, P = P*0;P?

2
ds? = — 2r(In P)y + Ar?) du® — 2dudr + — di?
Asymptotic evolution > (m0+ r(n Py + T> “ “ T+P2 ¢

P(0,¢) ™ P(oc0,¢) = constant

Circle — BTZ Black hole
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INn N=2+1 dimensions
Simplest choice leading to ellipses
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Asymptotic evolution
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INn N=2+1 dimensions
Simplest choice leading to ellipses

0uP = P03 (P 4 2P0, P — (04, P)?)

Asymptotic evolution

P(0,¢) ™% P(oco,¢) =a+ bcos(¢p — ¢g)

a?—b> =1

nnnnnnnnnnnn
[arXiv:1907.xxxxx]

Robinson-Trautman solutions in (2+1) dimensions
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Final remarks
0y P = P?0} (P? + 2P9;P — (04P)?)

Initial value problem: given P(O, gb) obtain P(u, (9)

Numerical instabilities
Galerkin methods

Conserved quantities
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