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Event Horizon

Schwarzschild radius

2GM
R.Sch = 2
c
R, = Schwarzchild radius

G = Gravity Constant
M = mass of black hole

¢ = speed of light



Accretion disk

-
2
0
o £
S %
N

-"h
o2
=
tE
w.u
w g
-
5
@
~~—




* 953 bgmgerdo 356Mboo Lbgmeo 396 30b3gds MMEOL o339 Im3egboms 3mMH0BMbE 0, go69d9
©5093306390¢0olm30L 30 39MbOEO Lsgobo MLSLEOVIM® Foofgugds.

Black Hole

Schwarzschild Radius and Event Horizon

e \/elocity needed to escape
Earth’s gravity from the
surface: v, = 11.6 km/s

e Event Horizon Escape
Velocity = ¢ (Nothing can
escape)

* We have no way of finding
out what’s happening
inside the Schwarzschild
radius.

= M which if v is set equal _QGM

escape to ¢ gives a radius r= 9
r C =
This equivalence is useful as a mnemonic, but does not Schwarzschild Radius
imply that this is a valid way to derive the Schwarzschild
radius.
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Time—s
BEwvent Horizon

~—Space— Black Hole



Falling into a black hole

Probe far from Probe close to black hole
black hole

Black
- © hole

o

/
Event
horizon

Falling into a black hole gravitational tidal forces pull
spacetime 1n such a way that time becomes infinitely long
(as viewed by distant observer). The falling observer sees
ordmary free fall in a finite time.



Hawking Radiation

the sirong gravitational field around a black hole causes pair production

&
—_— Ty

E+

black hole

if a pair is produced outside the event horizon, then one member will

fall back into the black hole, but the other member will escape and the
black hole loses mass

the amount of mass lost is greater for small black holes, therefore quanium
sized black holes disintegrate in very short timescales
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In (Non-Quantum) General Relativity, Information That Goes Into a
Black Hole Stays Inside, and Cannot Be Accessed From Outside

M. Strassler 2014

1915-1958: Physicists gradually understand that
extremely compact objects have a horizon (a
surface of no-return) and an interior from which
nothing cannot escape: a " Black Hole”

Complementarity: Where The Information 15 Located Depends on One’s
Paint OF View; The Information is Neither Lost Nor Copied

|2a) &« |dea proposed 1992; Suppaorted
) partiallyby calculation
r 4 )

- -

- f - .
- - Outside observer sees
] L ] 1 v
M l ‘l . - information remain just
. * ouitside the black hols,

sventually to be radiated
a pack intospace
.......

_________________
Infalling obierver sees the
ih)  infarmation inside

L] Pl Strassier 3014

If This Is True, Quantum Theory Works, but General Relativity Must
Be Modified, Perhaps to Something Like String Theory.






