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Research---Search and Search again, for questions & and answers

® E - BE ? Whatis a black hole?

© Al fE 2 3E What are the kinds of BHs?
¢
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% 1T == /E @ N }ﬁ‘ 7]‘;?2 What happens if nearing one?
:ﬁ 3E == IR % ? And what happens if you fell into it?
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Is it poss1ble to talk about BHs without physics?
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Of course, but 1t’ll be dull.
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“State” of matter: solid, liquid, gas, plasma (ionized), ...
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depends on pressure and temperature
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z}%% (evaporation)
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ﬁ% H% (boiling)
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a lower atmospheric pressure (e.g., at a high altitude)

- easier to evaporate and to boil
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When a place is squeezed into too much matter (too crowded), it becomes

an energy-matter state --- a black hole
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Surface gravity: the smaller, the stronger
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About 722,000,000 results (0.43 seconds)

Dictionary

black hole

© black hole

noun
black hole; plural noun: black holes in: blackhole; plural noun: blackholes
ASTRONOMY
a region of space having a gravitational field so intense that no matter or radiation can escape.

INFORMAL
a place where money or lost items apparently disappear without trace.
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A BH is astate of matter --- where a volume of space confines
o too much matter that even light cannot escape.

I't makes no sense to ask how big a typical BH is; this would be like asking
how large “water” is (a glass of water versus a lake, an ocean?)
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| %Q%E@q:&j%(? > What does it mean that licht cannot escape?
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Inertia --- to keep
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the status quo. Without external force, an object remain

the same motion status, i.e., to stand still or to move in the same way.
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Light has no mass, but it “moves”, and carries energy.
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%ﬁm@m —5" h‘% lil] Light can push things, and can be bended.
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An elevator on the ground = one accelerated (upwards) in space
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Matter tells the space-time how to curve; the
curved space-time tells matter how to move.




BREELIE (escape velocity)
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T f]‘é Flip up a coin = reaching a max height then coming back down

D ﬁn % }-ﬂ ]’:7 m _l_: #@ﬁ;] 7]‘& ... Throw harder; reach higher.
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On earth surface, the escape velocity is 11 km/s.
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When the escape

G e Soe 2 GM velocity becomes

In general, the escape Velomty depends I/e sc — —_— the speed of light
on the mass and size of an object. R (fastest motion in

the Universe), th?s
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AR EHEA BRI (event horizon)
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the “event horizon”,

o B B R E B formation loaksout.

The radius (size) of the volume = Schwarzchild radius.
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 NIP The size of a GH goes
{gﬁ (linearly) with its mass.

RSCh g GM/c

~ 3(M/Mg) [km]
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Twice the mass, twice the size,
but density = (twice mass)/ (1/8 the volume)

//r /:Iﬁ 3 /AE A BH Sun, size = 3 km
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%ié]?g‘)g’\’ 1 g/CC (7 ' ) A BH of 100 million suns,

size = 2 au, mean density = water
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Byproducts ever more compleX
elements + Energy
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g] ]'7 Energy = expanding

pressure to balance gravity

NNt 5 B %
#iE 7 S04

Sun has lived for 5 billion years.
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Sun will live for another 5 billion years. Once the nuclear
fuel runs out at the core, the core collapses to become a
white dwart, supported by electrons excluding each other.
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A more massive star, once its nuclear fuel runs out, the core collapses
to become a a neutron star, supported by neutrons pushing each other.
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A star more massive than 8 times solar, the core collapses to
become a black hole; even the neutron pressure fail to support it.
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Helium Supergiants
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Mass loss ... AGB stars
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Planetary nebulac Supernovac
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Mass when it dies.

White dwarfs
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Light from a normal
(a )

star leaves readily.
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Light leaving a BH
bends noticeably.

Light leaving a WD
bends a bit when

Light leaving a NS
bends noticeably.
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A BH surroundings can be luminous.
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The BH special effect seen in the film “/nterstellar”
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wave (spacetime ripples) from
merging of two BHs
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neighboring stars/gas
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Nide Field
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/ Motion of stars near the
Galactic center.



https://youtu.be/AZhUQl-wmq0
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M87's Black Hole

in Context

radio (VLA)
optical (R. Gendler) -
x-ray (CXC)

optica] (HST)

radio (EHT)

NASA/STScl/J. DePasquale
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The SMBH detected by the EHT. Mass of 800 million suns, 3.8 billion km across.
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A donut-shape silhouette; rotation/spin makes one side brighter.
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An artist’s rendition
of a BH and its jet.

A black hole is not seen, until it eats.



https://youtu.be/zXRgCs94cV8
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space travel, it'd better be a Kerr BH.
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1. Pairs of virtual particles spontancously appear BHs can lose Welght

and annihilate everywhere in the universe. ’

2. If a pair appears just outside a black hole’s 010 k ﬁ’] %‘k %
event horizon, tidal forces can pull the pair apart, /\\\ u\\ 75
preventing them from annihilating each other. 150

5 M iy B F % 10°°4F

5005 M., ¢ 48 K B & 2 7
T 10004

But the process is extraordinarily slow.

3. If one member of the pair crosses the event

horizon, the other can escape into space, carrying
energy away from the black hole.
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An Einstein-Rosen bridge:
> 8
Hjﬂ—: ]]—ﬁ ’fT (@ a shortcut in space-time
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