
T he nature of the glass transition 
is one of the greatest mysteries 
in statistical mechanics. Usually, 
a liquid turns into a solid when 
it freezes; its molecular structure 
changes from disordered (liquid) to 
crystalline (solid). Glasses, on the 
other hand, do not undergo this 
freezing transition. As a liquid is 
cooled towards a glass, its particles 
do not crystallise, but instead simply 
move slower and slower (increasing 
viscosity), so that the liquid retains 
its disordered structure. This slowing 
down continues until the particles 
are deemed to have stopped. This 
is called dynamical arrest. Currently, 
a liquid is termed a ‘glass’ when its 
viscosity exceeds 1013 Poise. This 
number has no basis in any ‘true’ 
phase transition and only defines 
how long one is willing to wait 
before concluding that the particles 
have actually stopped moving.

So why does a material whose 
particle arrangement is seemingly 
indistinguishable from a liquid 
act mechanically like a solid? 
Some believe there is a hidden 
thermodynamic phase transition. 
Others disagree - fiercely. 

Fanning the flames of the heated 
debate is the impossibility of 
observing the particle dynamics 
where the glass transition is thought 
to occur. The particles move so 

slowly close to the glass transition 
that, to view it in experimental time 
scales would take millions of years. 
Simulations are even more restricted; 
it takes weeks to simulate a few 
nanoseconds of particle movement 
in cold liquid systems, let alone the 
exponentially slower glassy systems. 
Nevertheless, simulations are very 
important tools; within the context 
of a simulation, we have complete 
information about particle location 
and momenta – of paramount 
importance to statistical mechanical 
analysis.

Bristol’s own Sir Charles Frank 
postulated in 1952 that five-fold 
symmetric icosahedra could shed 
light on the glass transition. These 
structures are locally energetically 
favoured in the glass-forming model 
I use in my own research, and are 
geometrically frustrated in Euclidean 
space. That is, they want to tile 4D 
curved space, but are restricted to 
3 dimensions. It is thought by some 
that this geometric frustration of 
growing icosahedral regions may 
underpin the glass transition.

Using larger structures in place of 
individual particles encompasses 
many of the higher order interactions 
that are omitted from usual statistical 
mechanical analysis. If these 
icosahedra are indeed the ‘most 
important’ structures within the 
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cooling liquid, it is only natural to 
study them. To simplify the system, 
we consider only the icosahedra 
and ignore everything else. We 
treat these icosahedra as you would 
single particles in standard statistical 
mechanics, thereby creating an 
effective system of interacting 
icosahedra, for which we can predict 
what would happen at lower, 
inaccessible temperatures. 

Currently, my work focuses on 
applying population dynamics 
to these icosahedra. We have 
observed that the icosahedra 
certainly do not fill the simulation 
space homogeneously; high density 
regions of bonded icosahedra 
have been identified in all bar the 
highest temperature simulations. 
The average size of these clusters 
increases as we reduce the 
temperature, and at low enough 
temperatures (which do in fact lie in 
the simulation accessible range), the 
icosahedra percolate.

We know the cluster size distribution 
(which is bounded above due to 
geometric frustration) and the 
lifetimes of the icosahedra which 
make up these clusters for each 
temperature. We have observed 
that an increase in lifetime of the 
icosahedra is highly correlated with 
a decrease in temperature and/or 
increase in cluster size, although the 
exact causal relation between these 
variables is unclear. 

What happens when the maximum 
possible cluster size is reached in 
a simulation? Does the bounded 
cluster growth, combined with the 
increased lifetimes of the constituent 
icosahedra account for dynamical 
arrest observed in the glass 
transition? These are questions I will 
be trying to answer!
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Graph of probability distributions:
Lifetime distributions of clusters of icosahedra of size n. 
Icosahedra in large clusters are more likely to have 
a very long lifetime than those in small clusters.

(Left) The five-fold symmetric icosahedron posited by Sir Charles 
Frank to underpin the glass transition. 
(Right) A snapshot of the icosahedra cluster ‘network’ percolating 
through a low temperature simulation.

“For most students, 
academic learning is too 

abstract. They need to see, 
touch and smell what they 

read and write about.” 

John Goodlad



Tangible Networks: A New Outreach Project
by the Tangible Network Outreach Team

Tangible Networks (TN) is a 
collaborative outreach project 
between the BCCS and Espen 
Knoop, a PhD candidate at the 
Bristol Robotics Lab.  We came up 
with the idea of TN at the end of 
last year and since then it has gained 
significant momentum. So far, we 
have demonstrated it at UCAS open 
days and the Bristol Doctoral College 
Festival of Postgraduate Research, 
to very positive feedback. We are 
currently preparing to show off TN at 
the Cheltenham Science Festival and 
the Bristol Harbourside festival over 
the summer.  The project has also 
gained interest from the academic 
community; we have recently been 
accepted to take TN to the European 
Conference on Complexity Science 
(ECCS2014) this September.

So what is TN?  TN is an educational 
tool; it is a platform for explaining 

the ideas, concepts and modelling 
techniques frequently used in 
complexity science to people 
with no scientific or mathematical 
background. An increasingly 
important aspect of science is public 
engagement - communicating 
research to the general public. The 
majority, if not all students in the 
BCCS use mathematical models 
and computer simulations as tools 
for probing into the dynamics and 
underlying processes of the systems 
they are studying. However, when 
explaining our research to the 
general public, it is often difficult 
to do this without referring to 
mathematical models and computer 
simulations that underpin it.  
Specifically, TN is geared towards 
demonstrating network models and 
network dynamics which feature 
heavily in much of complexity 
science research.

The key aim of the project is to 
make communication of complexity 
science more hands-on, more 
physical and more interactive by 
replacing the virtual networks of 
computer simulations with physical 
units connected together with cables 
to form a real electrical network.  
Each TN unit has a microcontroller 
running the model, and can flash 
in different colours. The user can 
directly influence the behaviour 
of the network by changing the 
way the units are connected and 
by changing parameters in real 
time. Network models we are 
implementing on TN include 
synchronising oscillators, predator-
prey models, models of financial 
systems, neuron models and opinion 
dynamics. We hope to develop TN 
into a toolkit for communicating 
complexity science that could be 
made available to other researchers, 
schools or other interested parties.

If you are interested in TN, or would 
like to use TN to demonstrate your 
research, then please contact us: 
outreach-hackers@bristol.ac.uk.

A typical node used in our Tangible Networks

  

A simple Tangible Network, used to demonstrate concepts from neuronal models.

  



you haven’t already, learn how to code 
and learn stats. Those skills are in high 
demand now and for the foreseeable 
future.” Petros Mina also advises 
expanding your learning horizons: 
“Increase your skills beyond what you 
learn from your PhD.”

I would like to end this section on 
advice from the alumni by misquoting 
Adam Sardar as it’s a message I can 
personally attest to: “Don’t let your 
PhD become your entire life during 
write-up… Relax occasionally. You’ll 
probably be more productive.”

BCCS Alumni: 
Where are they now?
by Matt Oates

Out of 22 graduates, the majority 
(14 in total) have stayed in the UK, 
with six now living in London. Two 
graduates have found work in Oxford, 
while six have remained in the Bristol/
Bath area. Four graduates have found 
academic positions in the USA at MIT, 
Boston University and Cornell Medical 
College. Both Matt McVicar and 
Alex Malins have taken postdoctoral 
research positions in Japan. Jonathan 
Potts, who left for Canada, is soon to 
return to the UK, while Petros Mina 
has returned to his roots in Cyprus 
after recently graduating.

Six graduates have entered the 
private sector, in roles varying from 
consulting data analyst and data 
scientist to research scientist and 
sole trader. Of special note is Katy 
Robinson, who now runs her own 
technical-writing translation business, 
which is useful to know for anyone in 
need of such a service.

The BCCS alumni have plenty of 
words of wisdom regarding their 
PhD experiences. A strong theme 
from alumni remaining in academia 
concentrated on collaborative work. 
Owen Rackham, speaking specifically 
in regard of biological research, 
advises: “It is completely impossible to 
do something high-impact without lots 
of other people around you.” Harriet 
Mills draws attention to the issues of 
time management in a collaborative 
setting: “Learn to be independent and 
never rely on academics to do anything 
by a deadline.” Many highlighted the 
importance of networking, with Matt 
McVicar advising current students 
to “network at conferences! It’s where 
most people I know found their next 
job.”

Another common theme is that of not 
being too rigid in planning a career 
or relying on a pathway to a position. 
As Tom Gorochowski puts it: “Be open 
minded about opportunities that arise 
and don’t assume there is the perfect 
position.” Ettie Eyre, who has decided 
to transition from a postdoctoral 
research position into being a data 
scientist, says: “Keep your options open 
and try lots of different things. I had 
always wanted to stay in academia, but 
after discovering other options decided 
to make the jump to industry.”

Jon Potts was very succinct with 
his advice; in its entirety it read: 
“Publish now.” This comment was 
repeated by most, but perhaps for 
reasons not immediately obvious to 
current PhD students. Adam Sardar 
elaborated further: “Publish all those 
little experiments that you thought were 
trivial, because it’ll make your write up 
easier and you’ll be annoyed when you 
see someone publishing a worse version 
in two years’ time.”

Finally, many of those leaving 
academia, as well as those who 
adjusted their academic field, 
emphasized the development of 
transferable skills. From those now 
working in the private sector, Chris 
Musselle had some concrete advice: 
“I found that skills in programming 
and data analysis are in high demand 
outside academia… online courses at 
Coursera and Udacity are invaluable 
here, they allow you to fill in knowledge-
gaps whilst building up a portfolio of 
projects for job interviews.”

This was reflected in advice from 
academics too. Tom Vincent perhaps 
said it best: “In the unlikely event that 
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With three years of BCCS alumni having moved on to their professional careers, it’s time to report on 
where Complexity Sciences PhD graduates find themselves.

Locations, academic fields and employment 
sectors of BCCS graduates.


