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The original astronomers
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Milky Way’s centre 
exploded 3.5 Myr ago 
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So what holds the moon in orbit?

There’s nothing obvious about gravity.
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The ball orbits because of the string
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The bee orbits because of its internal energy
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Isaac Newton (1642-1727)
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Isaac Newton (1642-1727)
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Isaac Newton (1642-1727)

I will limit this talk to 
a couple of equations



1783: Sir Joseph Banks
“A Proposal for Establishing a 
Settlement in NSW” 

1783: John Mitchell first 
discussed idea of black holes
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1916: Einstein’s General Theory of Relativity

Gravity maintained by waves 
propagating through space-time

Einstein was unsure about 
"gravitational waves" but a 
colleague encouraged him to 
stick with it.
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1916: Einstein’s General Theory of Relativity

1919: total eclipse of the Sun

1939: Einstein claimed black holes 
may not exist; Oppenheimer and
Chandrasekhar thought they would.



13

1958: no evidence yet for black holes but Finkelstein found 
they probably exist and have this structure, i.e. one-way 
membrane:
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Arguably,	Dennis	Sciama	(Oxford,	Trieste)	had	the	strongest	influence	on	
the	development	of	black	hole	theory…	
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1963: black holes rotate !

Roy Kerr2016 Crafoord Prize: 
Roy Kerr & Roger Blandford 

2009 biography: 
Cracking the Einstein code, F. Melia 
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1963: a golden year for Australian-US astronomy

Lunar occultation of 
“radio star” 3C273
using Parkes telescope

The discovery of quasars:
galaxies in the early universe powered by
supermassive black holes at their cores

2008 Kavli Prize 
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Who is this ?
1920: born in Wisconsin

1941: graduates in physics & 
chemistry

1942: joins US navy

1946: gets pilot’s license

1972: first woman elected to 
National Press Club 

2010: dies aged 89
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Ann Ewing
1920: born in Wisconsin

1941: graduates in physics & 
chemistry

1942: joins US navy

1946: gets pilot’s license

1964: coins term “black hole”

1972: first woman elected to 
National Press Club 

2010: dies aged 89
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For non-rotating black holes:

   - event horizon is at RS = 2GM/c2

   - inner edge of the disk is at 3 RS

For maximally rotating black holes:

   - event horizon is at ½ RS

   - inner edge of the disk is at ½ RS

Our expectation is that black holes do rotate



If the Earth collapsed, it could !
form a black hole. 
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How big would it be?
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"Empty space" is full of energy waves 
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Black hole weighing 200 tons 
evaporates in 1 second !

1974: Hawking’s bombshell – black holes evaporate!
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John’s search for 
evaporating black holes 
led directly to the 
invention of WiFi



27

Accretion disk spinning around a black hole

This is how we are able to “see” where black holes are hiding



Black holes were far more energetic in the past – 
that’s when they did most of their growing up 

12.6 billion years
About 95% of time 
back to the Big Bang  
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Hercules A 

Are black holes still active today? 
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Centaurus A 

Are black holes still active today? 



We now believe that all 
galaxies have black holes 
at their centres, the most 
ancient part of the galaxy.

1998: An amazing discovery 
is that the black hole knows 
about the galaxy around it.
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CDM paradigm:

The growth of a 
supermassive 
black hole over 
cosmic time

Black holes are 
seeded by the 
first stars

TK, VB, JBH 
Rev Mod Phys 2013
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34Australian Physics, Nov-Dec 2014
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Dover Heights
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Constellation of 
Sagittarius (Sgr)



USyd/AAO 2013 
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Sgr A* 

 Star motions show 
the black hole is 
4 million times the 
mass of the Sun



Now we move to degree scales

40



1974: Our first clue of something weird in Sgr A*  −  
 a plume of antimatter streaming out of the region 

 

Milky Way disk 

2005: INTEGRAL satellite 



The Galaxy’s bipolar wind seen on 10 kpc scales… 

What powers it ? 

ROSAT 1.5 keV (diffuse) 
Estimated energy ~ 1055 erg JBH & Cohen (2003) 

 

MSO 2014 



2010: big NASA discovery 

2014 Rossi Prize EsCmated	energy	>	1056	erg	
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You’re the first audience to see this composite… 



USyd/AAO 2013 

Claims for a jet  
not convincing 



MSO 2014 

30 or more nearby 
Seyfert examples: 
 
0313-192 
NGC 1068 
NGC 2992 
NGC 3079 
NGC 3801 
NGC 5506 
NGC 6764 
Circinus 
Markarian 6 
M51 
… 
 
 



So when did all this happen? 
 

Until recently, there was no corroborating evidence 
for when the Galactic nucleus exploded. 

MSO 2014 



The mystery of the Magellanic Stream’s ionization 

MSO 2014 



MSO 2014 

The Magellanic HI Stream 



Radiation field restricted by the surrounding galaxy is 
often seen from low power AGNs (Seyferts) 
 



Seyfert ionizes gas  
streams at up to ~ 35 kpc 
 



The Magellanic Stream was lit up by Sgr A* 
only a few million years ago 

USyd/AAO 2013 

Sgr A* was ten million times more powerful than today 



D. Mukherjee, ANU
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What was the “event” ? 
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The “event” was not an infalling 
star, too rare, too little mass.

2016: simulation of a star being 
stretched by a factor 300 as it 
falls into a massive black hole
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The “event” was likely due to a gas 
cloud ~ 10,000 solar masses.



Singular event – formation of young inner disk 

T = 4-6 Myr 
R = 0.04 – 4 pc 

Fermi bubbles are AGN jet-driven, arguing for event at T0 ~ 2-5 Myr 

and burst time TB ~ 0.5-1 Myr (e.g. Guo & Mathews 2012). 

Associated with central hole of young disk ? 



✪

Are we in any danger?

ESO Gravity instrument says accretion disk is pointing at Earth now. 



MSO 2014 

Looking to the future 
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IceCube Neutrino Observatory, South Pole 
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Einstein’s General Relativity predicts mysterious shadows and 
rings around an event horizon 
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Laser Interferometry Gravity-Wave Observatory (LIGO): 

in search of black holes behaving badly… 
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Expect great advances in the decades ahead –  
Sgr A* research guarantees longevity for astrophysics 

I predict that Galactic Centre research will become a 
distinct field of physics 


