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What is a black hole? 

Start with escape velocity:  

 

How fast do you have to move to escape the 
gravity of something? 



Escape velocity 

To find the escape velocity of something, we equate 
the gravitational energy of an object on its surface 
with the kinetic energy needed to escape: 

 
𝐺𝑀𝑚

𝑅
=
1

2
𝑚𝑣2 

 

Which rearranges to: 
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Some examples… 



1kg bag of sugar: 
0.0001 miles per hour (basically zero) 



190,000 kg blue whale: 
0.004 miles per hour (even snails can escape) 



100,000,000 kg fully loaded Nimitz-class aircraft carrier: 
0.03 miles per hour (top speed of a racing snail) 



2x1014 kg Mt Everest: 
5.8 miles per hour (about jogging speed) 



3x1019 kg Mimas (not the Death Star): 
367 miles per hour (about the land speed record) 



1.5x1023 kg Ganymede (a big and exciting moon): 
6207 miles per hour (three times the flight speed record) 



6x1024 kg Earth (mostly harmless): 
25,000 miles per hour (really very fast) 



2x1030 kg Sun (mostly harmful): 
1.4 million miles per hour (ridiculously fast) 



? kg black hole (entirely harmful): 

670 million miles per hour  (as fast as anything can possibly be) 



Black holes can be any size (in theory), but have 
to be extremely dense so that all their matter 
lies inside the “event horizon” – the point of no 
return, beyond which nothing can escape. 

 

 
In reality, black holes form 
from supernovae, so they are 
all over a certain size. 

 

 



How do we see black holes? 

Realistic artist’s 
impression of a 

black hole 

(by me) 



How do we see black holes? 

Semi-realistic 
artist’s impression 
of an active black 

hole 

(not by me) 

The accretion disk! 
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X-ray telescopes 

The super-heated inner regions 
next to the black hole itself 
shine in X-ray light, so we need 
to use X-ray telescopes to see 
them 
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• Stellar mass black holes 
are formed in 
supernovae, and weigh 
around 10 times the 
mass of the sun. 

 

• These black holes are 
found throughout the 
galaxy, and feed by 
stripping gas from 
companion stars.  

 

 

Two types of black holes 



Two types of black holes 
• Supermassive black 

holes live in the 
centres of galaxies, 
and feed on the gas 
and dust from 
between the stars. 
 

• They formed in the 
early universe, and 
weigh between a 
million and a billion 
times as much as the 
sun. 
 



X-ray Reflection 

Accretion 
disk 



X-ray Reflection 

X-ray corona 



Direct X-rays 



Direct X-rays Reflected  
X-rays 



The ‘Reflection Spectrum’ 



The ‘Reflection Spectrum’ 

Iron line 



Emission lines 



Emission lines 

• All elements have a series of characteristic 
emission lines, where they emit light at very 
specific energies. 

 

• Sodium lamps rely on this for their orange 
glow, but around black holes we can see the 
same thing happening for iron. 



The ‘Reflection Spectrum’ 

Iron line 

Other 
elements 



We can learn a lot from 
looking at the shape of 
the iron line – there 
are several different 
effects which change 
its shape. 



Disk spins this 
way 

 

Lower 
energy 

Higher 
energy 

Doppler shift 



Disk spins this 
way 

 
Fainter 

Brighter 

Special relativistic boosting 



Lower 
energy 

Gravitational redshift 
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Measuring the properties of black holes 



Light bending 



Light bending 

Escape 
 
 

Fall into black hole 

Hit disk 
and 

reflect 



Light bending 

Escape 
 
 

Fall into black hole 

Hit disk 
and 

reflect 



Light bending 

The closer the X-
ray source is to the 
black hole, the 
more extreme the 
blurring effects on 
the line 

Closer to 
black hole 



Real data -  Mrk 335 

This is the actual 
NuSTAR telescope 
image of Mrk 335 



Background 

• Mrk 335 is a 7 million solar mass black hole, in 
the center of a galaxy somewhere in the 
direction of the Perseus constellation. 

 

• We saw it drop suddenly in brightness, and 
triggered a long observation with NASA’s 
NUSTAR space telescope. 







What are we seeing? 

• The light coming from Mrk 335 
is extremely blurred, which 
tells us that the black hole is 
spinning extremely rapidly. 



What are we seeing? 

• Most of the light is reflected, 
which tells us that the light is 
being strongly bent by the 
black hole’s gravity! 

Escape 

 
 

Fall into black hole 

Hit disk 

 
 
 



Summary 

• We can measure the properties of black holes 
using X-ray observations 

• By measuring  the blurring of light that has 
reflected off the disk of matter around black 
holes, we can see how their extreme gravity 
affects light and matter close to the event 
horizon. 

• In one of the most extreme black holes, we 
see that the light is coming from very close to 
the event horizon, being pulled towards the 
black hole. 

 


