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What is the nature of black holes?
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VL. On te Means of difeenering the Diflance, Magnitude, &e.
of the Fixed Stars, in confequence of the Diminution of the
Velocity of their Light, in cafe fuch a Diwivutitn foonid be
Jound to take place in any of them, and fuch otber Diata foould be
procured from Ofervationt, as- wonld be farther neceflary for
that Purpafe. By tée Rev. John Michell, B. D. F. R, 5.
An & Letter te Henry Cavendith, Efy. F.R. 5. and 4. 5.
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Figurel The part onthedark star in the letter to Cavendish by Michell™™
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Figure 2 (Color onling) The dark stars proposed by Michell and La-
place. Thereisno real black hole in the Newtonian spacetimes
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1] Mr. Micwerr on the Means of difiovering the

2g. If there fhould really exift in nature any bodies, whofe
denfity is not lefs than that of the fun, and whofe diameters are
more than 500 times the diameter of the fun, fince their
light could not arrive at us; or if there thould exift any other
bodies of a fomewhat fmaller fize, which are not naturally lu-
minous; of the exiftence of bodies under either of thefe cir-
cumfltances, we could have no information from fight ; yer, if
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Figure3 (Color online) The vectors on a point of relativistic spacetime
can be put into three classes, i.e., timelike, null, and spacelike. The time-
like vector can be viewed as the tangent vector of the world line of a
massive particle passed the point. While the null vector corresponds to
the tangent vector of the world line of light, i.e., the 4-wave vector
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®) Gravitational Collapse: The Role of General

a VISUAL HORIZONS IN WORLD-MODELS
(@ Relativity'

W. Rindler

(Heceived 1956 Navember 23)
R. Penrose

Deparimient of Mathematics, Birkbeck College - London

[ Current address: Mathemarical Institute, University of Oxford, 24-29 St Gilex,
We shall define a horizon as a frontier between things observable and things ﬂfﬁiﬂiﬁ,fﬂm Nimer Spegiate 1, 257 {1969)
unobservable. (The vague term things is here used deliberately,) There are then
two quite different horizon concepts in cosmology which satisfy our definition
and to which cosmologists have at various times devoted their attention. The
first, which 1 shall call an event-horizon, is exemplified by the de Sitter model-
universe. [t may be defined as follows : An event-horizon, for a given fundamental
observer A, is a (hyper-) surface in space-time which divides all cvents into two
non-empty classes: those that have been, are, or will be observable by A, and those
that are forever outside A's possible potcers of observation. It was this horizon,

appropriate is the term “event horizon™, since r = 2m represents the absolute
boundary of the set of all events which can be observed in principle by an
external inertial observer. The term “event horizon” is used also in cosmology
for essentially the same concept (cf, Rindler [5]). In the present case the horizon
is less obser i than in the logical situati s0 1 shall tend to
refier to the hypersurface r = 2m as the absolute event horizon® of the space-time
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Figure4 (Color online) (a) The event horizon for an observer. The past of the observer is the shadow region of figure (a) and is the largest region can
be observed by the observer. The dark part of figure (b), i.e., the region Il, is the black hole region $B$ of the maximally extended Schwarzschild
spacetime. The event horizon of black hole is the boundary of this region. In the above figures, every point represents a two dimensional surface. In
figure (b), various infinities have been pulled into a finite region by some conformal mapping, and we can draw the spacetime on a paper. These kinds
of figures are standard Penrose-Carter diagrams in general relativity. In these diagrams, the world lines of light (straight dash lines) are straight lines,
and the angle between the direction of light and the vertical line has degrees of 45. The jaggieszigzag lines in figure (b) are singularities of the
spacetimes
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ASTRONOMY

"Black Holes" in Space

The heavy densely packed dying stars that speckle
space may help determine how matter behaves when
enclosed in its own gravitational field—By Ann Ewing

B 5 2 JuEES R T BRI AN 405
Figure5 Ann Ewing first used the terminology “black hole”
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Figure 6 (Color online) The black circle represents the 2-dimensional

spacelike surface. The solid arrows denote the outward light, while the
dash arrows depict the inward light
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The nature of black holes
CAl RongGen' & CAO LiMing?

! Institute of Theoretical Physics, Chinese Academy of Sciences, Beijing 100190, China;

2 University of Science and Technology of China, Hefei 230026, China

What isablack hole? It is alittle bit difficult to answer this question. For general public, black holes frequently appear as
strange celestial bodies in science fiction movies. However, for researchers, they are real presence in our universe and the
regions of spacetimes in which nobody can escape even for light. Although the level of awareness is different, the black
holes are mysterious to all of us. The black holes are mysterious so much so that we cannot really understand them up to
date. What is the nature of the black holes? If people further ask. Probably, the understandings are different from person
to person. On occasion, one even gets distinct answers from the experts in the physics of black holes. In this article, we
will not provide some particularly striking ideas on this question, but we would like to tell readers the popularly accepted
viewpoints in the community of this research field.

black hole, gravity, quantum gravity
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