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A black hole is an object so massive that gravity
prevents anything from escaping from its 
surface — even light. 

Searching for black holes
The faster you throw a ball upwards, the higher it 
goes before it returns to Earth. Throw it fast enough, 
and it has enough energy to continue into space. The 
escape velocity is the minimum speed that gives the 
ball enough kinetic energy to do work against Earth’s 
gravitational field and escape to infinity (Box 1).

Earth’s escape velocity is 11.2 km s–1. For a massive 
star, it is much higher. In 1783 John Michell suggested 
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Supermassive black hole Sagittarius A*

Black holes

The final stages in the life of a supermassive star 
that fails to explode as a supernova, but instead 
implodes to form a black hole

Carol Tear examines the discoveries made by Roger Penrose, Andrea Ghez and 
Reinhard Genzel, who were awarded the Nobel prize in physics in 2020
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Useful resources

More about the 2020 Nobel prize:

www.nobelprize.org/prizes/physics/2020

Interview with Roger Penrose:

www.bbc.co.uk/programmes/b082ymnx

Observatory in Hawaii to modify the way that their 
near-infrared camera (NIRC) was used, so that she 
could study the object called Sagittarius A* at the 
centre of the Milky Way galaxy. Unlike visible light, 
infrared radiation penetrates the dust that lies between 
Earth and the galactic centre, so Ghez could map stars 
orbiting Sagittarius A*.

Ghez created a group to coordinate research and 
technical developments. Engineers and scientists 
continually refined the equipment, and orbits of the 
brightest stars close to the galactic centre were mapped 
with precision. A research group led by Reinhard 
Genzel observed the same orbits, using the Very Large 
Telescope in Chile. The two groups independently 
confirmed that Sagittarius A* is a supermassive black 
hole. For this discovery Andrea Ghez and Reinhard 
Genzel shared half of the 2020 Nobel prize.

that ‘dark stars’ might exist with an escape velocity 
greater than the speed of light. Michell’s idea was 
forgotten, and only rediscovered in the 1970s.

In 1916 Karl Schwarzschild developed the idea for 
black holes from Einstein’s law of general relativity. 
He showed that, close to a very high-density ‘star’, 
everything, including light, is gravitationally trapped. 
The boundary at which this occurs is called the event 
horizon, and its radius is the Schwarzschild radius. 
At the time, nobody thought such objects could really 
exist.

In 1939 Robert Oppenheimer and Hartland 
Snyder showed that, when all the fusion processes in 
a very massive star stop, it collapses to a point called 
a singularity. This proof was for the special case of a 
uniform sphere, so it was still regarded as impossible 
in the real universe.

Penrose, Ghez and Genzel
Enter Roger Penrose in the 1960s. He started working 
on a solution that did not assume spherical symmetry. 
Penrose used topology and introduced the key concept 
of a trapped surface. He proved that when an object 
with enough mass collapses past a certain point, there 
is always an irreversible collapse to a singularity. His 
paper in 1965 showed that black holes must exist and 
were there to be found. Penrose was awarded half the 
2020 Nobel prize in physics for this discovery. 

One way to ‘observe’ a black hole is to study the 
movements of stars and show that they are orbiting 
a supermassive object. In the 1990s Andrea Ghez 
persuaded engineers and scientists at the W. M. Keck 

Box 1 Escape velocity
At escape velocity v, the kinetic energy of an 
object mass m is equal to the work done leaving 
the planet of mass M and radius r.
1
2
mv2 = 

GmM
R

v = √2GMR

Questions
1 Calculate the escape velocities for the objects 

listed in Table 1.
2 Explain why the calculated value for Sagittarius 

A* is incorrect.

Table 1

Object Mass/kg Radius/m
Earth 6.0 × 1024 6.4 × 106

Sun 2.0 × 1030 7.0 × 108

Sagittarius A* 
(one estimate)

8 × 1036  2.2 × 1010
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