
Conference Handbook

Organised by the Nonlinear and Complex Physics Group of the Institute of Physics

1–2 April 2009 
University of Manchester, UK
www.iop.org /Conferences

Inaugural Meeting of the Nonlinear
and Complex Physics Group



Delegate List 

Full Name Affiliation 

Professor Maia Angelova Northumbria University 
Mr Timothy Ashcroft University of Salford 
Dr Alexander Balanov Loughborough University 
Dr Almut Beige University of Leeds 
Dr Jean Boulton 
Mr David Bray University of Nottingham 
Dr James Christian University of Salford 
Dr Benjamin Cox University College London
Dr Giampaolo D'Alessandro University of Southampton
Dr Kishan Dholakia University of St Andrews 
Mr Ben Embley University of Manchester 
Mr Denis Flynn University College Cork 
Professor Mark Fromhold University of Nottingham 
Dr Tobias Galla University of Manchester 
Ms Katharine Giannasi University of Manchester 
Professor Jerry Gollub University of Cambridge 
Dr Paul Grassia University of Manchester 
Professor Sascha Hilgenfeldt University of Illinois 
Dr Natalia Janson Loughborough University 
Dr Anne Juel University of Manchester 
Miss Katerina-Daphne Klotsa University of Nottingham  
Dr James Kobine University of Dundee  
Mr Andreas Kurcz University of Leeds 
Dr Mark Leeson University of Warwick 
Professor Detlef Lohse Univ of Twente, The Netherlands 
Dr Graham McDonald University of Salford 
Mr Craig McIntyre University of Strathclyde 
Dr Gianluca Memoli National Physical Laboratory 
Professor Thomas Mullin University of Manchester 
Dr Alain Nogaret University of Bath 
Dr William Nuttall Cambridge University 
Professor K Ohkitani University of Sheffield 
Dr Andriy Pototsky Loughborough University 
Mr Andriy Pototskyy Loughborough University 
Professor Alastair Rucklidge University of Leeds 
Dr James Seddon University of Twente 
Dr Michael Swift University of Nottingham 
Professor Peter Thomas University of Warwick 
Dr Sebastian Ubal University of Manchester 
Dr Nicholas Watkins British Antarctic Survey 
Miss Kate Watt Nonlinearity, IOP Publishing
Mr Stephen Willshaw University of Manchester 
Mr Tao Zhang University of Cambridge 

1



General In formation

Venue 

The conference will be held in the Schuster Building on the Oxford Road Campus of 
the University of Manchester.   

Location 

University of Manchester 
Brunswick Street 
Manchester 
M13 9PL  
Tel: +44 (0)161 306 6000 

Local Taxi Numbers 

Radio Cars  +44 (0)161 236 8033 
Union Private Hire  +44 (0)161 273 5545 

Car Parks 

Car parking is available at the University. The multi-storey car park on Booth Street 
West is convenient and safe. The following charges apply: 

0-3 hours - £3.00 
3-6 hours - £5.00 
6-10 hours - £8.00 
10-24 hours - £10 

Please not this car park closes at midnight 

Registration 

The registration desk will be situated in the Schuster Building. It will be open during 
the following times: 

Wednesday:  11:00 – 18:00 
Thursday:    08:30 – 12:00 

On arrival, all participants will be given a registration pack containing conference 
material and a lapel badge which must be worn at all times during the conference.  
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Conference Overview
Technical Sessions   Schuster Building 
Refreshment Breaks Schuster Building Foyer 
Meals     Schuster Building Foyer 
Conference Dinner   Hulme Hall 

Accommodation
Accommodation is available for those who pre booked it in Hulme Hall. For the full 
address, maps and directions please see page 10 of this book. *Please note the 
accommo dation is situated approximately one mile from the Schuster Building.*

Arrivals and check-in 
Rooms will be available for check-in from 14:00. Room keys can be picked up from 
Hulme Hall reception. 

Luggage storage 

Luggage can be stored in the pool room at Hulme Hall. Please ask at reception for the 
room to be locked and un-locked as needed.

Residential Room Facilit ies 
Breakfast will take place in the Hulme Hall Dining Room between 07:30 – 08:30.  
Rooms are cleaned daily and equipped with a towel, soap and shampoo, tea & coffee 
making facilities. 

Departure & Check-o ut 
Residential guests are asked to vacate their bedrooms and return their keys to the 
Reception by 10am on the morning of their departure. A charge of £50 will be incurred 
if a key is not returned, If rooms are not vacated by 10am The University of 
Manchester reserve the right to pack up you belongings and remove them from the 
bedroom. 

Queries 
The Hulme Hall reception is open from 9:00 – 17:00. If you require assistance outside 
of these times the please call the duty tutor on 837 4003 from any internal phone at 
Hulme Hall. 

Social Programme 

Wednesday 1 April: Pre-dinner R eception and Conference Din ner  

A pre-dinner reception will be held in Hulme Hall at 18:30, followed by a three course 
conference dinner at 19:00. The cost of which has been include in your delegate fee.  
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College Facilit ies 

Internet 
Internet access is available in bedrooms at Hulme Hall. Please ask at reception where 
you will be asked to fill in a registration form. There will be a charge of £5 for access to 
the internet. Please note, the setting up of the internet can take a few hours so 
requests can only be dealt with before 15:00. Alternatively, the ‘Cloud’ wireless 
network is available in the bar area of Hulme Hall. 

Public Telephones 
There is a public telephone at Hulme Hall in the admin corridor. There are no public 
telephones in Shuster Building

Medical 
For any first aid requests please contact The Hulme Hall Duty  tutor by dialling the 
telephone number +44 (0)161 837 4003 however for emergencies please dial 999. 

Fire and Evacuation Procedures 
All accommodation is non-smoking. Guests should read the fire drill notice posted in 
each room and familiarise themselves with the location of the fire assembly point. 

Complaints 
Whilst we hope that your time at the conference is enjoyable, should you encounter 
any problems during your stay please report them to the conference registration desk 
as soon as possible. The conference team will make every effort to rectify the issue.  

4



Programme 

Day 1: Wednesday  1 April

12:30 -13:30 Registration and Buffet Lunch (Schuster Laboratory) 

13:30 -13:45 Welcome and Introduction (Rutherford Lecture Theatre) 

T Mullin 

13:45 - 14:45 Nonlinear Dy namical Studies of Fluid Sy stems 

J Gollub 

Cambridge University (United Kingdom) 

14:45 - 15:45 Diffraction Versus Diffusion: Complex Nonlinear Structu res in 
Photonics, Chemistry and Biology

G-L Oppo 

University of Strathclyde (United Kingdom) 

15:45 - 16:15 Tea Break 

16:15 - 17:15 From Foams to Flies - I nterfacial Mechanics of Cellular Matter 

S Hilgenfeldt 

University of Illinois at Urbana-Champaign (USA) 

18:15 - 19:00 Reception (Hulme Hall) 

19:00 Conference Dinner (Hulme Hall) 

Day 2: Thursda y 2 April 

09:00 - 10:00 Surface cavitation on micro- and nanometer scales 

D Lohse 

University of Twente (The Netherlands) 

10:00 - 11:00 A Trip on the light fantastic: optical micromanipulation 

K Dholakia 

University of St Andrews  

11:00 - 11:30 Coffee Break 

11:30 - 12:30 The complexity  of the c rowd 

P Ball 

Nature (United Kingdom 

12:30 Closing and Buffet Lunch 
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Abstracts 

Nonlinear Dy namical Studies of Fluid Sy stems 
J Gollub 
Cambridge University (United Kingdom) 

This talk is a review some of our recent experiments on nonlinear systems. 

First, I will give an example of novel methods of characterizing nonlinear fluid systems that are 
undergoing a transition to spatiotemporal chaos.  Traditionally, experiments on fluids rely on 
the velocity field, but it has been widely suspected that methods involving far fewer degrees of 
freedom may be sufficient for weakly chaotic systems.  Here I show that topological ideas can 
be useful, at least for two-dimensional flows.  I focus on the points where the fluid is 
instantaneously at rest, i.e. the elliptic points (centers of vortices), and the hyperbolic points 
(local saddles).  These special points can be located automatically by measuring the curvature 
of particle trajectories, and the special points can be tracked over time.  We find that the rate 
at which they are born and die (in pairs) gives a useful measure of spatiotemporal chaos [1]. 

Next, I briefly consider the stretching of fluid elements, or equivalently the finite time Lyapunov 
exponents, measured as a spatially resolved field. This quantity is most useful in predicting 
and understanding mixing, and can also be used to predict the time-dependence of chemical 
reactions [2].

Finally, I will discuss the connection between chaos and reversibility (work done with Corté, 
Pine, and Chaikin, [3]).  Many fluid flows are irreversible, but it is remarkable when 
irreversibility happens at low Reynolds number.   This happens when the fluid is a sheared 
suspension of particles, as a result of the chaotic hydrodynamic interactions between 
particles.  However, it is even more surprising that the effect has a well defined threshold 
strain amplitude (deformation before reversal). Why does it happen?  Simulations of a simple 
model system invented by Chaikin show that random near collisions between the particles can
lead to spatial organization of the particles until the interactions become weak and reversible if 
the strain is low enough.  The time required to produce the self-organized state diverges at a 
non-equilibrium critical point.  

[1] N.T. Ouellette and J.P. Gollub, Phys. Rev. Lett. 99, 194502 (2007) and Phys. Fluids 20, 
064104 (2008). 
[2]  P.E. Arratia and J.P. Gollub, Phys. Rev. Lett. 96, 024501 (2006).  
[3]  L. Corté, P.M. Chaikin, J.P. Gollub, and D.J. Pine, Nature Phys. 4, 420 (2008) 

Diffraction Versus Diffusion: Complex Nonlinear Structu res in Photonics, Chemistry
and Biology
G-L Oppo 
University of Strathclyde (United Kingdom) 

In 1952, Alan Turing - of Enigma machine fame - proposed a simple mathematical model 
where two diffusing species (an activator and an inhibitor) lead to the formation of regular 
spatial structures. We demonstrate that optical patterns in nonlinear cavities are Turing 
structures, although diffraction replaces diffusion. The role of activator and inhibitor are taken 
in photonics by the real and imaginary parts of the electric field resonated in the optical cavity. 
We present regular and irregular patterns, localized spots (known as cavity solitons [1]) and 
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fronts [2] as examples of the rich variety of complex structures observed in photonics with 
counterparts in chemistry and biology. Universal models such as the parametrically driven 
Ginzburg-Landau equation are shown to describe simultaneously systems and phenomena of 
separate scientific disciplines with a good degree of accuracy. 

The power of a common research framework is demonstrated by applying control techniques 
developed in photonics [3] to chemical and biological systems where the operator can select 
the spatial structure of preference. Finally we show that complex structures in photonics can 
be used as memory elements or to build an all-optical delay line [4] for applications in optical 
processing of information. 

[1] G.-L. Oppo, A.J. Scroggie and W.J. Firth, Phys. Rev. E 63, 066209 (2001) 
[2] M. Pesch et al., Phys. Rev. Lett. 99, 153902 (2007) 
[3] R. Martin, A.J. Scroggie, G.-L. Oppo and W.J. Firth, Phys. Rev. Lett. 77, 4007 (1996) 
[4] F. Pedaci et al., App. Phys. Lett. 92, 011101 (2008) 

From Foams to Flies - I nterfacial Mechanics of Cellular Matter 
S Hilgenfeldt 
University of Illinois at Urbana-Champaign (USA) 

Micro- and nanoscale structures are a key focus of quantitative science today, emphasizing 
the importance of interfaces between structural elements. Cellular Matter is a material for 
which interfacial energy dominates, consists of space-filling blocks such as grains (in metals), 
droplets (in emulsions), bubbles (in foams), or cells (in biological tissues). The geometry of the 
blocks and the properties of the entire material are intimately related. 
Liquid foam provides a uniquely accessible model system for Cellular Matter in experiment 
and theory, including non-equilibrium dynamics and statistics (coarsening), where intriguing 
relations between bubble geometry and coarsening rates arise.  
But interfacial energy formalisms can also be directly applied to biological systems. Layers of 
epithelial tissues, in particular, not only bear a morphological resemblance to foams [1], but 
are governed by similar fundamental principles, where a specific structure is the result of a 
competition between local energy minimization and global constraints. We quantitatively 
model the geometry of the cells in the fruit fly retina, where membrane elasticity and adhesion 
biochemistry add important features to the simple interfacial energy minimization [2]. The 
extraordinarily well-defined tissue structure is reproduced faithfully in both wild-type (Figure) 
and mutant configurations. In addition, we can use the mechanical equilibrium configurations 
we obtain to infer important dynamical features of tissue morphogenesis, indicating a rich area 
of new applications for interfacial mechanics. 

[1] Hayashi, T. & Carthew, R. W. Surface mechanics mediate pattern formation in the 
developing retina. Nature 431, 647 (2004). 

[2] Hilgenfeldt, S., Erisken, S., & Carthew, R. W. Physical modeling of cell geometric order 
in an epithelial tissue. Proc. Natl. Acad. Sci. USA 105, 907 (2008). 
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Figure: The drosophila eye (left) reveals regular cell patterns in cross section (center). The 
features are reproduced quantitatively by an interfacial energy model (right, overlay).

Surface cavitation on micro- and nanometer scales 
D Lohse 
University of Twente (The Netherlands) 

Heterogeneous bubble nucleation at surfaces has been notorious because of its 
irreproducibility. Here controlled multi-bubble surface cavitation is achieved by heterogenous 
nucleation of bubbles on a hydrophobic surface patterned with micro-cavities. 
The expansion of the nuclei in the micro-cavities is triggered by an impulsive lowering of the 
liquid pressure. The procedure allows to control and fix the bubble-distance within the bubble 
cluster. We observe a perfect quantitative reproducibility of the cavitation events where the 
inner bubbles in the two-dimensional cluster are shielded by the outer ones, reflected by their 
later expansion and their delayed collapse. Apart from the final bubble collapse phase (when 
jetting flows directed towards the cluster's center develop),  the bubble dynamics can be 
quantitatively described by  an extended Rayleigh-Plesset equation, taking pressure 
modification  through the surrounding bubbles into account. 

When repeating the same experiments with flat polyamide and hydrophobized silicon surfaces 
populated with surface nanobubbles (as can be seen through atomic force microscopy),  
these nanobubbles do not act as nucleation sites for cavitation bubbles, in contrast to the 
expectation. This implies that surface nanobubbles are not just stable under ambient 
conditions but also under enormous reduction of the liquid pressure down to -6MPa. We 
denote this feature as superstability.

A Trip on the light fantastic: optical micromanipulation 
K Dholakia 
University of St Andrews 

Optical tweezers is a powerful non-contact technique where micrometre sized particles can be 
grabbed, moved and generally manipulated solely with light. Optical tweezers have forged an 
important bridge between physics, chemistry and biology. In recent years there has been a 
proliferation of activity in this area, fuelled, in part, by the recognition that we need to advance 
the “optical toolkit”. This includes the use of novel light fields including “non-diffracting” Bessel 
and Airy modes. Two dimensional and three dimensional light patterns may be used for 
optical sorting and clearing. These techniques allow the separation of biological and colloidal
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material based on physical properties. Flow through an optical lattice can sort objects with a 
high throughput (see diagram) In this talk I will give an overview of this field for the non-
specialist and then discuss a host of new directions using enhanced micro-manipulation 
including sorting, biophysics, studies of angular momentum and optically bound matter. This 
latter method uses the complex interaction between adjacent particles to create larger range 
structures. The emphasis of the talk will be on recent studies that have highlighted issues of 
nonlinear physics within optical micromanipulation. 

The complexity  of the c rowd 
P Ball 
Nature (United Kingdom) 

Human society is arguably the most complex system we know of – populated by entities that 
can adapt, learn, self-organize and show completely different responses to apparently 
identical stimuli. One might reasonably wonder whether society exhibits a qualitatively 
different kind of complexity from that found in inanimate matter. Yet there is a long history of 
faith in the notion that parallels do exist, and work in recent decades has confirmed that 
groups of many interacting social agents show collective modes of behaviour analogous to, 
and sometimes formally equivalent to, those seen in traditional statistical physics, such as 
phase transitions, phase separation and power-law fluctuations. I will examine this idea, and 
ask the question whether the physics of complex systems can truly tell us anything about 
sociology, history, economics and politics. 
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Maps

Manchester Oxford Road
Train Station Manchester Piccadilly  

Train Station 

Schuster Building, 
University of Manchester 
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A 
Schuster Laboratory 
Brunswick Street, 
Manchester M13 9PL 

B 
Hulme Hall 
Oxford Place 
Victoria Park 
Manchester 
M14 5RR 
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Hulme Hall Map 

Enquiries 

Scientific Organiser 
A Juel (University of Manchester, UK) 

Institute of Ph ysics Conference Organiser 
Jon Mackew 
Conferences Department 
The Institute of Physics 
76 Portland Place 
London W1B 1NT 
Tel: +44 (0)20 7470 4984 
Fax: +44 (0)20 7637 4266 
E-mail: jon.mackew@iop.org

Registration enquiries
Conferences Department 
The Institute of Physics 
Tel: +44 (0)20 7470 4984 
E-mail: conferences@iop.org

Disclaimer 
The Institute of Physics, the University of Manchester and their approved 
representatives cannot take responsibility for any accident, loss or damage to 
participant’s or their property during the conference. 
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