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The far hbﬁzon 127
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(¢) The star continues (d) Formation of a
to collapse black hole

Figure 26: The imprisonment of light in four stages.

(a) Massive star before collapse; (b) collapse; (¢) the star
continues to collapse; (d) formation of a black hole. (After
W. Kaufrnann.)
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Figure 7.9. Flight circles in a plane (a) in Eudii 1can geomseiry
(bj in the non-Euclidean geometry mear the event horizon a7'a
black hole. In case (b), onc has to travel a greater digthace in

than in case (a) to have & fight circle of given smallsr Sirsws-
ference. The Tadial direction in both cases is as incficated. AF
great distances from the ecvent horizon not drawn), “ac
“curvature” of our embedding diagram becomes negligibly susdl,
and the flight circles of case (b) have nearly the same geomé

s case (a).
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Figure 28. The astronaut’s salute.

The film on the left shows the scene on board the spaceship in
proper time, that is, as measured by the ship’s clock as the ship. .
falls into a black hole. The astronaut’s salute is decomposed 5
Into instants at proper time intervals of 0.2 second. Crossing the:

S
2

horizon is not accompanied by any particular event. The film on*
the right shows the scene received by the distant observers via
televised images. It is also decomposed into intervals of
apparent time, also of 0.2 second. At the beginning of his
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_ . Tablf.% The gravitational parameter of ordznaty bodies T h
. Gravitational
e Size Schwarzschild  parameter
= , Object Mass R radius Rg Rg/R | : B T
= «  Atom 10-26 kg 108 cm ..10"5! cm 10-43 : S
iz Human being  100kg ~-c1m: .° ¢ 10-Bcm _10-32s .
P Mountain ,_,lO'zkg o, dkm 10 cem 10-18 T T
53 Earth ©10%kg ' 104km 1cm 10-9
4 Sun o 10%kg 106km  lkm - 10-¢ g
e Whitedwarf  1Me = 10¢km . ikm - . 1074 . :
e gk Neutron star 1 Mg . 10 km 1 km -y - T Baree ,
T s Galaxy 10V M 105 Ly. 10-21y.: S10-7 ¢ o ot -
i Universe , . 10 Mg 10" Ly 100Ly, - 12 .
T (ifclosed) ' _ s
: 2 Note: The gravitational parameter is the rato between the Schwarzschild
"y % radius — which depends only on the mass — and its real size. In other words,
e it measures the ‘compactness’.of a body, the closer its parameter'is to one, - T
- the closer a body is to the black hole state. Thé'duinerical values in the o )
. table are’ gwenx_ to the nearest powerof ten. The parameters for the - 3 & “
" Universe require careful consideration: see Chaprer 19. . . N « TR o V1
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F 25‘ Material captured from a normal compamon
forms an accretion disk and spxrals toward the black ;

hole giving rise to x-rays.
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