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GRAVITATION

Charles W. MISNER Kip S.THORNE John Archibald WHEELER

WITH A NEW FOREWORD BY DAVID 1. KAISER AND
A NEW PREFACE BY CHARLES W. MISNER AND KIP §. THORNE
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Here is what the 1973 copy had to say about the
~eXxistence of BH's _
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Today if you google Cygnus X-1 you get...
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And from Wikipedia:

Cygnus X-1 (abbreviated Cyg X-1)["]is a galactic X-ray source in the constellation

Cygnus, and the first such source widely accepted to be a black hole.['2'3] |t was
discovered in 1964 during a rocket flight and is one of the strongest X-ray sources
seen from Earth, producing a peak X-ray flux density of 2.3 x 10723 Wm=2 Hz™!

(2.3 x 103 Jansky).[14I15] |t remains among the most studied astronomical objects in its
class. The compact object is now estimated to have a mass about 14.8 times the mass
of the Sunl® and has been shown to be too small to be any known kind of normal star,

or other likely object besides a black hole.['®! If so, the radius of its event horizon has
300 km "as upper bound to the linear dimension of the source region” of occasional X-
ray bursts lasting only for about 1 ms.[17]

Cygnus X-1 was the subject of a friendly scientific wager between physicists Stephen
Hawking and Kip Thorne in 1974, with Hawking betting that it was not a black hole. He
conceded the bet in 1990 a‘ft;)-bservational data had strengthMt
there was indeed a black hole in the system. This hypothesis lacks direct empirical
evidence but has generally been accepted from indirect evidence (23]

FAIso, compare with: 5




Observations from O1 and 02/2015-2017 [ edit]

List of binary merger events!I¢!

Enel Chii i
GW event Paeation Luminosity .rav P ' Primary Secondary Remnant
. Date 3 . radiated mass Effective
and time @ — areal™® & | distance @ (o) (Mo) spin® 7] ¢ Mass Mass Mass Notes ¢
pu .

(utc)n (deg?) (Mpcyn 4] : 5]‘" [n:] o) ¢ | Type ¢ Mo) ¢ Mo ¢ | spinl¥l ¢

GW150914 179; mosﬂy +#150 4 +#18 +0.12 +#43 B +30 33 +0.05 First GW delecﬁon;

09:50:45 2us e fothesouth | +0-170 3104 | 8645 | 0013 35639 30644 63130 | 069004 | it merger observed
GWIS1012 Formerly candidate LVT151012;
voseqs | 20160615 | 1sss | wos0f5 | 1582 | 1527 | 00e 3R 23"%0 I 13653 357728 | 067721 | accepted as astrophysical since

o February 2019

GW151226 +130 +0.1 403 +020 133 e 22 6.4 +0.07

03:38:53 2016-06-15 1033 440 Z1n 105, | 897, | 01857 137 55 B 7755 20555 | 0.74 505

GW170104 +430 05 21 017 +72 [ +49 52 +0.08

0arsg | 20170601 924 960 4 | 2255 | 21507 | -004755 31.0 5 GGEN 2017, 49155 | 066 50

GW170608 396; to the +120 +0 02 +0.10 453 - +#13 32 +0.04 Smallest BH p{ogenitor

020146 2017-11-16 north 320 430 0944 | 7952 | 003 g 10937 B 7654 17807 | 089004 | 1occes to date

GW170729 7 y ; Y 1 4 Y .

18:56:29 2018-11-30 1033 2750 f:g 48 4—17 357 ﬁ‘;’ 0.36 gég 506 f:gg B 343 _;g'i 80.3 t:o‘g 0.81 *_gg Largest progenitor masses to date
GW170809 i

. 0181130 | towards | 990 '3 | 27798 | 250725 | 007'oie 352 52 MG 23832 56452 | 070 0%
08:28:21 & g = 5 : -
Cetus
GW170814 87: towards First announced detection by
; +180 +04 +4 +.12 57 . +24 +32 +0.07 S -
w3043 | DT | e | 58020 | 273 | 24245 | 0075y 307 3 LN 253 7 53455 | 07250 tmh:t; :s;;:lones, first polarization
First NS merger observed in
GW170817 16;NGC e o T o GW; first defection of EM
2017-10-16 40 10 20.04 . v . NS y <2812 | <089

12:41:04 4993 1186 _gggq | 0.00 gy 146 510 127 00 counterpart (GRB 170817A;
https://en.wikipedia.org/wiki/List of gravitational wave observations AT 2017gfo); nearest event to date
GW170318 39; towards +430 05 21 +0.18 475 [ +43 +43 4007

ases |20 | o | 0% | 27355 | 8757 |09 35577 ICIIN 26875 59.8 T3g | 067 s

GW170823 08 +2 020 +100 [ 3 +04 4008

t33sg 1810 | 651 ] 18502340 | 3355 | 29357 | 00847 396 55 RN 294 -7 856 56 | 071010




