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TIMELINE OF
BLACK HOLES
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1915: Einstein’s Theory of General
Relativity

1919: Eddington’s solar eclipse
experiment

1967: Wheeler coins the term “black hole”

1970s: Hawking advances our
understanding of black holes

2002: The Milky Way's lurking monster

Today: What do we know and
how do we find them?




1915; X‘Eert Einstein’s

General Relativity

Albert Einstein's general
theory of relativity describes
the interaction of gravity as

a result of space being
curved by massive objects




1919: Sir !rt!ur Eddington’s

Solar Eclipse Experiment

Eddington photographed positions
of stars near the Sun to test Albert
Einstein's prediction of the bending
of light around massive objects
from his general theory of relativity

actual star observed star




An unimaginably dense region

8l of space where space is curved

around it so completely and
gravity becomes so strong that
nothing, not even light, can
escape.
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- John Wheeler coins

the term “black

American theoretica
John Wheeler helps

hole”

physicist,

oopularise

the study of general relativity in

the mainstream of theoretical

physics, and coins the term
"black holes”




In 1968, Stephen Hawking
joins the Institute of
Astronomy in Cambridge and
begins to apply the laws of
thermodynamics and quantum

mechanics to black holes



BIRTH OF A BLACK HOLE

LOW TO RAVERAGE WHITE
MASS STAR DWRARF
LARGE NEUTRON
MASS STAR STAR
VERY LARGE BLACIK

MARSS STAR HOLE

The fate of a star depends on its mass (size not to scale)



BLACK HOLE TYPES

o Stellar-mass: black holes with 3 to 20 times the mass of our own Sun

* Supermassive: black holes with millions to billions of times the mass
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How do we find them?




‘ b QUASAR
3C 273

x * Discovered in 1959
‘. | » 273" object in the 3™ Cambridge
q TRILLION Radio Survey (3C 273)

TIMESC BRIGHTER * * Classitied as a Quasar or quasi-
T"AN THE QUN! ' stellar radio source (looks like a

star, but is not)

J >, Og * Approximately two billion light
| years away (that's 2x10% or
20,000,000,000,000,000,000,000

kilometres away)
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How Bright is it?



CFLECTROMAGNETIC SPECTRUM

Visible Light

700nm 600nm 500nm 400nm

Radio waves Microwaves Infrared Ultraviolet X-rays Gamma
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QUASAR 3C 273 SPECTRUM
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Black Holes

Where does the light come from?

- Hot Disk
g (X-ray) - ool
Cold Gas Disk fa NN G R
 (Infrared, Opticalj -~ " . ..\ 1o N gl F” " .. to spiral inward towards

¢=° - theblackhole

Dust Disk

(infrared) * Gravity causes material

* Frictional forces
compress and raise the

-\ ' Supermassive ' temperature of the
Black Hole : :
B Y material causing the

. Jets emission of light ranging

(Radio) ,

.o from X-rays to infrared
T | * Particles accelerated to
Warm Turbulent Disk | speeds approaching that

~ (Optical, UV). :

of light and emerge from
the poles as radio jets



QUASAR 3C 273 RADIO JET

Hubble

~2 x longer than

distance across
Milky Way
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Want to lee

HUBBLESITE Special Feature

Home Journey to a Black Hole Black Hole Encyclopedia
Finding the Invisible The Voyage Up Close and Personal

http://hubblesite.or@

BLACK HOLES: Gravfty'idendess Pull
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You have reached escape velocity, but at this speed it will take you days to reach the moon ... and over
16 years to reach Pluto. Please use your engine to generate more energy for your spacecraht.

1 billion times more energy 10 billion times more energy 100 billion times more energy 1,000 billion times more energy
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