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Introduction

According to Newton’s theory of gravity, the escape velocity v from a distance r from the center of
gravity of a heavy object with mass m, is described by:

1 Gm

2 r

Equation 11

"John Mitchell" asked this question as early as 1783. Pierre Simon de Laplace investigated the situation
further in 1796.he main question was do rays of light fall back towards the surface of such an object? One
would expect that even light cannot escape to infinity. Later, it was suspected that, due to the wave
nature of light, it might be able to escape anyway.2

Now, we know that such simple considerations are misleading. To understand what happens with such
extremely heavy objects, one has to consider Einstein’s theory of relativity, both Special Relativity
and General Relativity, the theory that describes the gravitational field when velocities are generated
comparable to that of light.

Soon after Albert Einstein formulated this beautiful theory, it was realized that his equations have
solutions in closed form. One naturally first tries to find solutions with maximal symmetry, being the
radially symmetric case. Much later, also more general solutions, having less symmetry, were discovered.
These solutions, however, showed some features that, at first, were difficult to comprehend. There
appeared to be singularities that could not possibly be accepted as physical realities, until it was realized
that at least some of these singularities were due only to appearances. Upon closer examination, it was
discovered what their true physical nature is. It turned out that, at least in principle; a space traveler could
go all the way in such a “thing” but never return. Indeed, also light would not emerge out of the central
region of these solutions. John Archibald Wheeler named these strange objects “black holes.” 3

[2,11] 1
[2,11] 2
[2,11]3
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A Short List of Known Black Holes:
Stellar mass Black Holes #

Ordered by Distance

Constellation Distance (Light Mass (in Solar

" Years) Units)
% Nova Mon 1975 Monocerous 2,700 11
E Nova Persi 1992 Perseus 6,500 5
3 Nova Vul 1988 Vulpecula 6,500 16
= Cygnus X-1 Cygnus 7,000 11
© V404 Cygni Cygnus 8,000 12
= IL Lupi Lupus 13,000 9
= SS 433 Aquila 16,000 8
by V4641 Sgr Sagittarius 32,000 7

Nova Oph 1977 Ophiuchus 33,000 7

1 Table

Galactic Mass Black Holes ®
Ordered by Mass

name constellation Distance(Light Years) Mass (In Solar Units)
§ Messier-33 Triangulum 2,600,000 50,000
1o NGC-205 Andromeda 2,300,000 50,000
j‘% Milky Way SgrA Sagittarius 27,000 3,000,000
o NGC-1023 Canes Venatici 37,000,000 44,000,000
ﬁ Messier-31 Andromeda 2,300,000 45,000,000
= Messier-81 Ursa Major 13,000,000 68,000,000
é NGC-3608 Leo 75,000,000 190,000,000
ch NGC-4261 Virgo 100,000,000 520,000,000
O Messier-87 Virgo 52,000,000 3,000,000,000
Table 2
[2,12]*
[2,12] °
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