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v" Numerical calculations for geodesics:
- Schwarzschild BH: 2f2t= BFEF & GK (“13)

- Kerr BH: O|&

S & GK ('14)

Bound motions

Strength of gravities

l=20,¢e=7.0399,7 = 10

Kerr (green)
Schwarzschild (red)
Newtonian (blue)
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ds? = gapdx®dxP = gy dt? + 2gy.dtdr + g dr? + geed6? + -



- M EZ T (Metric ansatz): &0 ZHEE T ASHAl A|ZHO]|
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gpedt? + 2g-dtdr + g,-dr? + ggepdf? + -

= —f(r)dt? + h(r)dr? + r?(d6? + sin?0dg?)

Rap —59apR =0)xg% > R—2-4-R=—-R=0
Karl Schwarzschild (1873~1916)



- FFHI2ZXAE M E&l(Schwarzschild Metric):
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1 / /
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dr?
1-2GM/(c?r)

ds? = —dt? + dr? + r*(d8? + sin? 0 d¢?)

+ 1r2(d6? + sin? 6 d¢?)

= —dt? + dx? + dy* + dz?> > "HHED A5, eg, Asymptotically flat
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ds? = — (1 — ZGM/CZ) d(ct)? + !
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> d—z = +c (1 —%) : Out-going light,
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ds? = —(1-22)dt? + ——dr? =0

. . .. dr 2M\ T>ZM
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r = Const.

- (v,r) coordinate system: Edington-Finkelstein c.s. IFF\
2M dr? : : < _
ds? = — (1 — T) dt? + 1_2:\4/r +1r2(d6?+sin?0d p?) in (t,7,0,9) i t = Const.
= — (1 — %) dv (dv — f_‘g,,) +7r2(d6?+sin’0dp?) o Const.
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8 &X: http://plato.stanford.edu/entries/spacetime—singularities/lightcone.html




« "AF{d X|'H™H(EVENT HORIZON)":

- 20| r=n, =2M F+H= FFOHX| XTHCt 2!

- Horizon radius: 1, = 2M =

r=2M



 Kruskal-Szekeres Z}H(1960):
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v HIEX C}0|0}13H(Penrose diagram):
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(Time Travel)
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Credit: Lwp Kommunikacio

Stephen Hawking (2009/06/28): “What a shame. | was
hoping a future Miss Universe was going to step through the
door.”



