
review
December 2016

Explaining the 
Nobel prize 
for topology
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David Thouless, Duncan Haldane and Michael 
Kosterlitz received the 2016 Nobel prize in 
physics for their work on effects that occur in 

extremely thin materials, often referred to as two-
dimensional (2D) materials. An example would be a 
layer of conducting material of one-atom thickness, 
sandwiched between two semi-conducting layers. 
Materials like this are now designed and manufactured 
routinely by the electronics industry, and are made 
and studied in laboratories. They can behave quite 
differently from 3D materials and a good understanding 
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of the underlying physics is important in developing 
new applications.

Phase transitions
You will be familiar with several states of matter. When 
the temperature of a liquid decreases to its freezing 
point there is a phase transition to a more ordered 
state: the material forms a solid. However, at very 
low temperatures there are other phase transitions to 
more ordered states where quantum effects become 
noticeable. Superconductivity, where electrical 

In some years it is fairly easy to grasp the basic idea underlying the work that is 
awarded the Nobel prize for physics. This year, the award for ‘theoretical discoveries of 
topological phase transitions and topological phases of matter’ is more of a challenge. 
Carol Tear unpicks this description and finds out what it means and why it’s important
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Further reading
Video introducing topology: 
www.tinyurl.com/zfx53q4

Video on the 2016 Nobel prize in physics: 
www.tinyurl.com/jqs9cds
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resistance suddenly drops to zero, is one of these 
effects. Another is superfluidity (viscosity falls to zero), 
and many materials become magnetic at very low 
temperatures.

Physicists used to think that these phase transitions 
to more ordered states could not occur in 2D layers, 
because thermal fluctuations would disrupt the 
ordered state, even close to absolute zero. However, 
Kosterlitz and Thouless came up with a theory for 
a completely new type of phase transition in 2D 
materials. The Kosterlitz–Thouless transition theory 
concerns small vortices in the 2D material, which form 
in pairs. As the temperature increases, at the phase 
transition temperature they suddenly separate, moving 
away on their own. Kosterlitz and Thouless went on 
to show experimentally that superconductivity and 
superfluidity did occur in 2D materials.

Topology
In the mid twentieth century, the quantum mechanical 
theory explaining how materials conduct electricity 
was thought to be well understood. But in the 1980s 
the quantum Hall effect was discovered: at very low 
temperatures, the electrical conductance of a 2D 
material in a strong magnetic field changes in precise 
quantised steps as the field changes. This could not 
be explained with the existing theory. David Thouless 
presented a new theory using topology to explain the 
effect. Duncan Haldane came up with a similar theory 
when analysing magnetic atomic chains.

Topology is a branch of maths that classifies shapes 
by properties that are unchanged when they are 
stretched, twisted or squeezed, but not cut or joined. 
Topologically a plate is the same as a dish — you can 
mould one into the other — neither has a hole in it. A 
joke says that topologists cannot tell their doughnuts 
from their coffee cups — both shapes have one hole 
and so each can be moulded into the other. All the 
shapes with no hole are one type, those with one hole 
are another type, those with two holes are a third type, 
and so on. This can be useful in describing quantum 
effects where things change in integer steps and not 
continuously. 

Did you like 
this article?

Tell us what 
you think

Questions
1 List the four states of matter you learn about in 

science.
2 Give some examples of physics behaviour that 

is quantised.

When a large collection of electrons together show 
this quantised behaviour, they are said to be behaving 
topologically. This behaviour is not limited to 
electrical conductance. There are many other new and 
unexpected types of matter, and research is continuing 
on topological insulators, superconductors and metals. 
We can expect to hear more about these materials in 
the future.
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