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Abstract: Two spinning black holes emit gravitational waves as they orbit, and eventually merge to form a single black hole. How do the properties
of the final black hole depend on those of the initial black holes? This is a classic problem in general relativity, with implications for astrophysics,
cosmology, and gravitational wave detection. | will describe the rapid numerical and theoretical progress over the past two years, and discuss some
open questions and future directions.
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Gravitational Radiation from Colliding Black Holes

S. W, Hawking
Institute of Theoretical Astronomy, University of Cambridge, Cambridge, England
(Received 11 March 1971)

It is shown that there is an upper bound to the energy of the gravitational radiation

emitted when one collapsed object captures another. In the case of two objects with
equal masses m and zero intrinsic angular momenta, this upper bound is 2=V 2)m.
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A few points:

1) Simple, yet predictive.
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A few points:

1) Simple, yet predictive.

2) Complements to previous techniques.

3) Separates non-linearities from elementary considerations.
4) Efficient.

5) But what’s it good for?

irsa: 08030032 Page 49/53



1 05 u 0.s 1 2500 | =
SO0 T T T = 2p00 - o -
— A{M1 _:: 1500 - -
;,__.' 300 T 100
5 200 & 500 =
= o ‘ -
l::lulu a i g = i
GRS = - -
= mT L x =
‘ 0.6 = =
nE 0.96 -
E ouos - - - B
0.95
E 0Bk - - -
o 1 2 a2 s s & 7 »
o5 W. Tichy et al, gr-qc/0703075
by=0.300 (=) — bymay (+)
————— ba=0.584 (a) e RET Tl - NP SY £3
— — - by=-0.584 (=) .
M. Campanelli et al, PRL 98, 231102 (2007)
L. Rezzolla et al, arXiv:0708.3999 B. Brugmann et al, arXiv:0707.0135
F. Herrmann et al. arXiv:0706.2541 - e N =
| | e F e
“m 8OO = : - I'r:_?-l-ﬁ . : --.
E | s T s
= s00 - | o= oes - s - -
- 1 1} EEH 4
E [ -" 0686 - - iy -
400 = 1 : 365 = i = o \
| -E e i -
Pirsa: 02030032 i B et : e e = Page 50/53
o 20 1 2] 80 u > % -

5] (dE‘E.I‘EEH} @ {radians)



e lk| (km/s)

m

(km/s)

k|

e |
-4 0.5 (4] 0.5 1
SO0 & T T T
400
S0
200
e i}
i E.
o9 3
o.e :
orFr
oBE
o5
oL
.95
0.5
a8 -
By=0.300 (m) bo=a, ()
————— Ba=0.584 (a} * By=-ay (=)
— — — bp=-E588 (x)
L. Rezzolla et al. arXiv:0708.3999
F. Herrmann et al. arXiv:0706.2541
I - ' 1
- 4
| {
800 g !
b
_ . .
_ "
400 T
Pirsa- noﬁnno') |
o 20 42 &0 a0
& (desrees)

0.96

E oos

0Bt

W. Tichy et al, gr-qc/0703075

M. Campanelli et al, PRL 98, 231102 (2007)
B. Brugmann et al, arXiv:0707.0135

-
J -
- -
-
-
- -
-
-
-
-
- -
-
i

P

-
T =
- -
-
-
e ; o
- -
~ -
- af i
- .
- v
e - o Page 51/53
a 2 1 L]
@ {radians)



Pirsa: 08030032

100 r

AV

|

|

]
—
g
=
—

50
o
H-\H"-u..
=

- 0
.xﬂ
=]

— 100

0

2 4 6
d(radians)

Page 52/53



|kl {km/s)

Hy

(km/s)

k|

b= 0,300
by= 0.584

(m)
(&)

— — = bp=-0.584& (x)

|

b= (x)
* By=-ay (m)

L. Rezzolla et al, arXiv:0708.3999

F. Herrmann et al. arXiv:0706.2541

' -—
- !
4
800 - i
L =
500 — +
L - 4
]
[ " |
400 — 1
Pirsa-_le“;nn’J’) |
o 20 40 60 a0
& [(degerees)

0Bk

W. Tichy et al, gr-qc/0703075

-
-
-
- -
-
-
-
-
M -
-
- -
T 8

M. Campanelli et al, PRL 98, 231102 (2007)

B. Brugmann et al, arXiv:0707.0135

- i
. - -
- -
s .'.
-
-
-. -
- - - -
- e
- g -
", -~ .-H-'\
- - "\
.-
- P Page 53/53
=z 4 L]
@ {radians)



