


 
 

Welcome to a New Centre for 

Mathematics and Physics Research in 

the UK  

Lincolnshire has historical connections with some of 

the most notable mathematicians and physicists, 

such as Isaac Newton, George Boole, and Charlotte 

Scott. Nonetheless, Lincoln became a university city 

only recently. A new School of Mathematics and 

Physics opened in September 2014 at the 

University of Lincoln, in the latest stage of an 

ambitious plan to expand the university’s research 

presence. The school carries out research and 

offers undergraduate and postgraduate physics and 

mathematics degrees.  

Our award-winning staff conduct cutting-edge 

research in fundamental and applied mathematics 

and physics, ranging from pure mathematics to 

applied nano-science at the interface between 

biology, chemistry, physics and mathematics. The 

University of Lincoln is investing heavily in state-of-

the-art research facilities for staff and students in 

the School, including a new supercomputer.  

We collaborate with research institutions in 

Germany, Japan, Norway, France, Italy, the 

Netherlands, Brazil, Singapore, Spain, Canada, 

Turkey, China and the USA.  

This booklet of research highlights gives a brief 

description of the best achievements of our 

members of staff focusing on one paper per 

scientific direction published in 2014-2015, as well 

as reports on conferences and international 

collaboration. 

  

 

Professor Andrei Zvelindovsky 

Andrei's academic career started 

at Odessa National University, 

Ukraine, after obtaining PhD in 

1993. In 1997 he moved to the 

University of Groningen and in 

2000 – to Leiden University in 

the Netherlands. In 2004 Andrei 

joined the University of Central 

Lancashire in UK, where he 

founded the Computational 

Physics Group and was 

promoted to Professor of 

Computational & Theoretical 

Physics in 2009. In 2014 Andrei 

became the Founding Head of 

the School of Mathematics and 

Physics at University of Lincoln. 
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ALGEBRA 

Structure of Finite Groups with Frobenius 

Group of Automorphisms 

 

This research [1] develops a new approach to the 

study of finite groups G admitting a Frobenius group 

of automorphisms FH. When the kernel F acts 

without non-trivial fixed points, several important 

properties and parameters of the group G such as its 

nilpotency, order, rank, exponent, and nilpotency 

class are proved to be closely connected to the same 

properties and parameters of the fixed-point 

subgroup of the complement H. Especially strong 

(and difficult) result is obtained on the nilpotency 

class of G, which can be regarded as a measure of 

the commutativity of the group operation. For that an 

innovative method of selective nilpotency conditions 

is employed in conjunction with the Lie ring 

technique. 

A finite Frobenius group FH with kernel F and 

complement H is a semidirect product of a normal 

subgroup F and a subgroup H such that every 

element of H acts fixed-point-freely on F. Such 

groups occur as important sections in finite groups, 

and they act by conjugation as groups of 

automorphisms. One of the critical situations is when 

a finite group G admits a Frobenius group of 

automorphisms FH whose kernel acts without 

nontrivial fixed points. This condition alone is known 

to already imply nice properties: the group G is 

soluble and its Fitting height is bounded in terms of F.  

But the `additional' action of the Frobenius 

complement H suggests a new approach to the 

study of G. Prompted by Mazurov's problem 17.72 

in Kourovka Notebook, a new approach was 

developed, when properties and parameters of G 

are proved to be close to the corresponding 

properties and parameters of the fixed-point 

subgroup of H. These properties and parameters 

are nilpotency, order, rank, exponent, and 

nilpotency class. The results on nilpotency, order, 

and rank are consequences of Clifford's theorem 

in representation theory. The questions of 

bounding the exponent and nilpotency class are 

quite difficult and require using innovative Lie ring 

methods.  

 

Evgeny Khukhro is a Senior 

Lecturer in Pure Mathematics. 

Evgeny received his PhD in 1980 

in Algebra from Novosibirsk 

University, Russia, and DSc 

(Habilitation) in 1988 in Group 

Theory from Sobolev Institute of 

Mathematics of Siberian Division 

of Russian Academy of 

Sciences. He worked at 

Novosibirsk University and 

Institute of Mathematics. In 1991-

1993 he was Alexander von 

Humboldt Fellow in Albert-

Ludwigs University of Freiburg, 

Germany. Since 1995 he worked 

in UK in various positions at 

Cardiff University and University 

of Manchester. 

Co-authors in Mulhouse 
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When F is cyclic and the fixed-

point subgroup of H is nilpotent 

of class c, it is proved that G is 

nilpotent of class bounded in 

terms of c and |H|. Examples 

show that the condition of F 

being cyclic is unavoidable. 

The proof reduces to an 

analogous theorem about Lie 

rings with Frobenius groups of 

automorphisms. Quite a 

difficult argument relies on a 

novel method of `selective 

nilpotency' condition.  

A different Lie ring method is 

applied in the theorem on 

exponent. It is proved that 

when F is cyclic and the fixed-

point subgroup of H has exponent e, then the exponent of G is bounded in terms of e and |F|.  The 

proof reduces to the case of finite p-groups, where the Zassenhaus–Jennings–Lazard Lie algebra is 

constructed. Kreknin's theorem provides a bound for the derived length. Combined with ad-nilpotency 

of certain generators of abelian sections, this yields a bound for the nilpotency class of the Lie 

algebra. Then an effectivized version of Lazard–Lubotzky–Mann theorem produces a reduction to so-

called powerful p-groups, for which the result becomes much easier to handle.  

This paper opens an avenue of promising research in the direction described above. Various methods 

developed in the paper have already found applications in several subsequent papers of 

mathematicians from different countries. Several questions are stated, which remain open; some of 

them are mentioned in the Kourovka Notebook.  

The theorems described above are joint results of E. I. Khukhro, N. Yu. Makarenko (France/Russia), 

and P. Shumyatsky (Brazil).  Some of them were obtained during E. I. Khukhro's visits to Université 

de Haute Alsace, Mulhouse, France, and Sobolev Institute of Mathematics, Novosibirsk, Russia.  

 

1. E. I. Khukhro, N. Yu. Makarenko, P. Shumyatsky, Frobenius groups of automorphisms with 

fixed-point-free kernels, Forum Math.  26 (2014) 73–112.   

  

Novosibirsk Institute of Mathematics 
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Generalized Exponentials in the Theory 

of Lie Algebras 

 

The exponential function, which we may think as 

defined by the series exp 𝑥 = 1 +
𝑥

1!
+

𝑥2

2!
+

𝑥3

3!
+ ⋯,  has 

a special place in mathematics as it relates additive 

and multiplicative structures, because of its 

fundamental property exp(𝑥 + 𝑦) = (exp 𝑥) · (exp 𝑦). 

A classical application is in Lie theory, where it allows 

local reconstruction of a Lie group G from its Lie 

algebra L. Focusing on the algebraic aspect, and thus 

disregarding possible convergence issues, the 

essential fact is the following: if A is a (not necessarily 

associative) algebra over a field of characteristic zero 

(such as the real numbers), and D is a derivation of 

A, then exp 𝐷 is an automorphism of A. 

This loses meaning when the algebra A is defined 

over a field of prime characteristic p, as the 

denominators involved in the exponential series all 

vanish from some point on. Since 1969 a truncated 

exponential E(𝑥) = 1 +
𝑥

1!
+

𝑥2

2!
+ ⋯ +

𝑥𝑝−1

(𝑝−1)!
  was 

extensively used as a substitute in the toral switching 

technique of modular Lie algebras, where the 

apparent drawback of E(𝐷) generally not being an 

automorphism of the modular Lie algebra L was turned into an advantage. In fact, roughly speaking, 

toral switching is applied to a given torus of a semisimple modular Lie algebra L to produce one with 

very different (and ideally more convenient) properties, a fact which cannot occur in the classical 

characteristic zero setting. 

Tori in Lie algebras are used to produce corresponding root spaces decompositions, which are 

special gradings of a finite-dimensional Lie algebra, and the components of the grading are indexed 

by some finitely generated abelian group. Thus, toral switching is used to turn one of those special 

gradings into another. The reason why the truncated exponential E(𝐷), despite not being an 

automorphism of L, sends a certain grading to another, boils down to the fact that E(𝑥) satisfies some 

weakened version of the basic functional equation satisfied by the ordinary exponential. However, the 

truncated exponential handles toral switching only in its most basic form, where it is applied to a 

derivation D of the Lie algebra satisfying  𝐷𝑝 = 0. Over the years the toral switching technique has 

been considerably refined to deal with more general situations, but the simple explanation of sending 

a grading into another because of similarities with the ordinary exponential gets lost in those 

generalizations. 

In [1] we produced a grading switching which includes toral switching as a special case but is more 

widely applicable because it focuses on directly mapping some grading of an algebra to another 

without reference to the underlying tori. Hence it is not limited to Lie algebras, but works more 

generally with nonassociative algebras. It is more general even in the case of Lie algebras, where not 

every grading is associated to and recoverable from a torus. In fact, our original motivation for 

devising it was a specific application in this context. 

 

Sandro Mattarei is a Lecturer in 

Pure Mathematics. Sandro 

received his PhD in Mathematics 

in 1992 from the University of 

Warwick. He worked at the 

Universities of Padova (Italy) in 

1994-1998, and Trento (Italy) in 

1998-2015. 
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Grading switching depends on a property of certain generalized Laguerre polynomials 𝐿𝑎(𝑥), which 

depend on a parameter a and generalize the truncated exponential 𝐿0(𝑥) = 𝐸(𝑥). This property, 

which resembles the basic functional equation satisfied by the ordinary exponential, is roughly that the 

product (𝐿𝑎(𝑥)) · (𝐿𝑏(𝑦)) is appropriately related to 𝐿𝑎+𝑏(𝑥 + 𝑦). This seems not to have been noticed 

before and it might well attract interest in areas outside Lie and nonassociative algebras. 

In particular, an intermediate result in the development of grading switching was obtained in [2] and 

made use of the Artin–Hasse exponential series, for which a similar weaker analogue of the functional 

equation for the ordinary exponential was found to hold. The Artin–Hasse exponential has a high 

status in some parts of number theory which involve p-adic analysis. In some sense the generalized 

Laguerre polynomials used in [1] generalize some aspects of the Artin–Hasse exponential series. 

 

1. M. Avitabile and S. Mattarei, Laguerre polynomials of derivations, Israel J. Math.  205 (2015), 

109–126.   

2. S. Mattarei, Artin–Hasse exponentials of derivations, J. Algebra  294 (2005) 1–18.   
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COMPUTATIONAL 

PHYSICS AND  

APPLIED MATHEMATICS 

Computational Modelling of Antimicrobial 

Peptides  

 

Modern increase in antibiotic-resistance bacterial 

infections urges the development of new and non-

conventional therapeutic agents with novel 

mechanisms of antimicrobial action. Bioactive 

peptides, which are usually short molecules up to 50 

amino acids, can be found in diverse range of 

organisms including plants, mammals, amphibians 

and insects. They are potential candidates to fulfil this 

role. 

In this research a systematic analysis of the 

hypothesis of the antimicrobial peptides' (AMPs) 

cooperative action is performed by means of full 

atomistic molecular dynamics simulations 

accompanied by circular dichroism experiments [1]. 

Several AMPs from the aurein family (2.5, 2.6, 3.1), 

have a similar sequence in the first ten amino acids, 

are investigated in different environments including 

aqueous solution, trifluoroethanol (TFE), 

palmitoyloleoylphosphatidylethanolamine (POPE), 

and palmitoyloleoylphosphatidylglycerol (POPG) lipid 

bilayers. It is found that the cooperative effect is 

stronger in aqueous solution and weaker in TFE. 

Moreover, in the presence of membranes, the 

cooperative effect plays an important role in the 

peptide/lipid bilayer interaction. The action of AMPs is 

a competition of the hydrophobic interactions 

between the side chains of the peptides and the hydrophobic region of lipid molecules, as well as the 

intra peptide interaction. The aureins 2.5-COOH and 2.6-COOH form a hydrophobic aggregate to 

 

Hydrophobic (red) and hydrophilic (blue) maps. 

 

Manuela Mura is a Senior 

Lecturer.  

PhD (2010): King’s College 

London; Springer PhD Thesis 

Prize 2010, Tadion-Rideal Prize 

for Molecular Science 2010. 

2010-2014: UCLan, UK. 

Marco Pinna is a Senior 

Lecturer. 

PhD (2009): University of Central 

Lancashire, UK; Institute of 

Physics (IOP) Computational 

Physics PhD Thesis Prize 2009. 

2009-2014: UCLan, UK. 

Andrei Zvelindovsky is a 

Professor of Computational and 

Theoretical Physics and Head of 

the School. 

PhD (1993): Odessa National 

University, Ukraine; 1997-2000: 

University of Groningen and 

2000-2004: Leiden University, 

the Netherlands; 2004-2014: 

UCLan, UK. 
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minimize the interaction between the hydrophobic group and the water. Once that the peptides reach 

the water/lipid interface the hydrophobic aggregate becomes smaller and the peptides start to 

penetrate into the membrane. In contrast, aurein 3.1-COOH forms only a transient aggregate which 

disintegrates once the peptides reached the membrane, and it shows no cooperativity in membrane 

penetration.  

 

Peptide aggregation at the membrane surface. 

The computational part of this work is done by Wang, Mura, Zhou, Pinna, and Zvelindovsky while 

Dennison and Phoenix performed the experimental part.  

 

1. J. Wang, M. Mura, Y. Zhou, M. Pinna, A.V. Zvelindovsky, S.R. Dennison, D.A. Phoenix, The 

cooperative behaviour of antimicrobial peptides in model membranes, Biochim Biophys Acta 

1838 (2014) 2870–2881.  
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What is sharper, a piece of metal or a 

carbon dioxide molecule? 

 

In a collaboration with leading experimental group 

based in Hamburg we demonstrated that using 

metallic tips for noncontact atomic force microscopy 

(NC-AFM) imaging at relatively large  tip–surface 

separations provides a reliable method for studying 

molecules on insulating surfaces with chemical 

resolution and greatly reduces the complexity of 

interpreting experimental data [1]. NC-AFM is one of 

the only methods of “seeing” insulating surfaces with 

atomic resolution, so large distances in this case 

means >0.5 nm, or about two molecular bonds! The 

experimental NC-AFM imaging and theoretical 

simulations were carried out for surfaces of nickel 

oxide (NiO(001)) as well as adsorbed CO and Co-

Salen molecules using chromium-coated Si tips. By 

analyzing the experimental data, we could directly 

determine the dipole moment of the Cr-coated tip, 

see Figure 1. A model representing the metallic tip as 

a point dipole is described and shown to produce NC-

AFM images of individual CO molecules adsorbed 

onto NiO(001) in good quantitative agreement with 

experimental results. 

In particular, our results demonstrate that metallic tip 

apexes are consistent with pyramidal nanoasperities 

(see Figure  for models) with a typical electric dipole 

moment on the order of a few Debye (1 D = 3.3 × 10–

30 Cm). At distances of 0.5 to 0.8 nm from the 

surface, such a tip effectively behaves like a point 

dipole. The imaging mechanism is therefore easy to 

model as contrast is primarily due to electrostatic 

interactions. Once the tip dipole moment is estimated, 

modeling of surface images from density functional 

theory (DFT) is reliable and much faster than with 

conventional methods. Although at short tip–surface 

separations these tips are effectively blunt and 

cannot resolve the internal structure of larger 

molecules, they may be able to probe molecular 

dipole moments. 

Metallic tips can be conveniently prepared in situ and remetallized if they become contaminated. The 

most stable and thus most likely atomic configuration of the tip apex is a pyramid that possesses a 

large electric dipole moment of a few Debye with its positive pole pointing toward the surface. This 

greatly reduces the complexity of interpreting experimental data while allowing for an unambiguous 

identification of ionic species on polar surfaces at relatively large tip–sample distances. Metallic tips 

may also be able to detect the electric dipole moments of adsorbed molecules, as shown by 

comparison with an adsorbed dipolar molecule, as shown in Figure 3. It is worth mentioning that, if 

magnetic metals are used, even magnetic moments can be resolved with atomic resolution. 

 

Matt Watkins is a Senior 

Lecturer. Matt obtained his PhD 

on “transition metal defects in 

diamond” at King’s College 

London with Alison Mainwood. 

After brief sojourns modelling 

future water usage for a local 

water company and working to 

understand the mechanisms of 

ozonolysis of organic compounds 

in the lower atmosphere, Matt 

moved to the newly formed 

London Centre for 

Nanotechnology. There he 

worked extensively with Alex 

Shluger on understanding how to 

interpret data from new scanning 

probe methods. In 2007 Matt 

took an opportunity to work on a 

EPSRC funded software 

development project to enhance 

the parallelization of the atomistic 

simulation code CP2K and apply 

it to better understanding the 

properties of water-ice surfaces. 

After this, Matt’s focus is on 

developing tools and protocols to 

model interfaces of electrolytes 

and solids, applied to areas like 

microelectronics and 

electrochemistry.  
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Figure 1. Schematic of the system – as chromium coated tip scans over an adsorbed carbon-monoxide 
molecules. By measuring how the frequency of an oscillating cantilever is changed by the force between 
the tip (the very end of the cantilever) and the CO molecule sub atomic precision measurements can be 
made and the tip and molecule characterized. The graphs show that the experiment and theory agree to 
within a couple of pico-meters – this is pretty good. 

 

Figure 2. Array of pyramid features ranging from 0 to 5 atomic layers in height constructed on the Cr(110) 
surface. These pyramid features represent some possible stable atomic structures found on a vapor-
deposited Cr tip or surface and were used to calculate effective dipole moments for comparison to 
experiment. 

 

Figure 3. Comparison of measured and simulated images of a fairly large molecule (termed Co-Salen, 
which is similar to the active part of Haemoglobin).  

1. Gao, D. Z., Grenz, J., Watkins, M. B., Federici Canova, F., Schwarz, A., Wiesendanger, R., & 

Shluger, A. L. Using metallic noncontact atomic force microscope tips for imaging insulators 

and polar molecules: tip characterization and imaging mechanisms, ACS Nano 8 (2014) 

5339-5351. 
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Towards a thermodynamics of granular 

materials 

 

Granular systems are complex assemblies of 

macroscopic particles which can behave either like a 

fluid or a solid: their peculiar flow properties have 

been used for millennia in sand timers while they are 

also known to undergo a `jamming' transition at a 

density that is well below the highest packing density 

of an equilibrated thermal system. If a granular 

medium, such as sand, is poured into a container, it 

will indeed come to rest in a mechanically stable 

packing. If the same amount of sand is, once again, 

poured into the same container, it will most likely 

come to rest in a different stable structure. As a 

consequence, one needs to rely on statistical tools to 

describe the overall physical properties of 

mechanically stable granular packings. 

The use of statistics to describe observable physical 

properties of large assemblies of particles is very 

common in physics and is at the root of equilibrium 

statistical thermodynamics, a well-established theory 

devised more than a century ago to relate 

macroscopic observables to microscopic parameters. 

Unfortunately, granular materials are large 

assemblies of particles which are athermal and 

dissipative and as such their statistical properties can hardly be characterized by using the standard 

tool box of statistical thermodynamics. It has 

then been considered a challenge in the 

physics community to devise a novel statistical 

framework for these systems that would have 

both explanatory and predictive powers. 

One of the most appealing routes towards a 

statistical framework to characterize jammed 

states is the one proposed by Sam Edwards 

more than two decades ago which 

hypothesizes that if one has a protocol to 

generate (granular) packings of N particles at 

some fixed volume V, then each jammed 

packing will be as likely as any other to appear 

with a probability inversely proportional to the 

total number of possible arrangements. Yet, at 

least three problems arise: 

1) Has Edwards’ assumption any 

validity? 

2) Because jammed states rely on balance of forces on each grain in the system, computing 

their total number for a set of external constraints is a very challenging task that could only be 

performed for very small systems with about 10 particles by direct enumeration procedures. 

 

Fabien Paillusson is a Lecturer 

in Applied Mathematics. Fabien 
obtained a Ph.D. in Physics in 
2010 in the University Pierre and 
Marie Curie in Paris for his work 
on the modelling of nanoparticles 
interacting with DNA. After 
having undertaken various 
research activities in the field of 
theoretical and computational 
modelling in institutions such as 
the University of Cambridge 
(UK), the University of Barcelona 
(Spain) and Durham University 
(UK). 

From packing structures to the entropy 
via the energy landscape 
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3) If the total number of jammed states increases exponentially with the system size, then it 

becomes possible to define a granular entropy which would be a major step towards a 

thermodynamics of jammed granular matter.  

In the work [1], Fabien Paillusson and his coworkers looked at a soft matter model of granular 

materials that enabled them to trade the problem of counting the number of granular jammed states 

with that of estimating the number of basins of attractions in a an energy landscape. They then used a 

common protocol to generate soft jammed states that consists in sampling uniformly the whole 

configuration space so that the probability of ending up in a particular basin is exactly (and simply) 

proportional to its hyper volume in the configuration space. It readily follows from it that Edwards’ 

hypothesis cannot be true for all protocols.  

Then, by combining thermodynamic integration techniques, Markov chain Monte Carlo methods and 

unbiasing models, they were able to estimate the total number of states for system sizes one order of 

magnitude bigger than previously done and with numbers of states up to 160 orders of magnitude 

higher than what was accessible to other methods. 

Finally, for polydisperse soft matter models, they showed that the total number of jammed states was 

not growing exponentially with the system size. Adding this incompatibility with Edwards’ theory to 

that of the obvious protocol dependency of the probability of occurence of jammed states, the authors 

of study [1] end by proposing a new definition of granular entropy that relies on protocol-based 

probabilities and satisfies all the properties that they think are necessary for this entropy to make 

sense in a thermodynamics theory of jammed granular materials.  

1. D. Asenjo, F. Paillusson, D. Frenkel, Numerical Calculation of Granular Entropy, Phys. Rev. 

Lett.  112 (2014) 098002.   
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Can adding oil control domain formation 

in binary amphiphile bilayers? 

 

Amphiphilic molecules contain both a hydrophobic 

section and a hydrophilic section.  When dispersed in 

water, the hydrophobic parts of different amphiphilic 

molecules cluster together to avoid contact with the 

liquid, and a wide range of structures can form, 

including small spheres known as micelles and flat 

membranes, two molecules thick, called bilayers.  

These bilayers often close up to form hollow bags, or 

vesicles, which can be used to capture and deliver 

active chemicals such as drugs.  Greater control over 

the surface properties of vesicles, which affect what 

kinds of chemicals they can trap and how they interact 

with their environment, can be obtained by using more 

than one type of amphiphilic molecule. 

 

In the current work [1], we focus on bilayers 

formed of two species of amphiphile, of different 

lengths. In these systems, the two types of 

molecule may segregate into thinner and thicker 

domains composed predominantly of the respective species. The novel step in our work is to look at 

the effect of mixing a small amount of oil with the amphiphiles. Using a mathematical model in which 

the individual molecules are modelled as flexible chains, we investigate how the added oil affects the 

structure and thickness of the bilayer at and on either side of the boundary between two neighbouring 

domains. 

We find that oil molecules whose chain length is close to that of the shorter amphiphiles segregate to 

the thicker domain. This smooths the surface of the hydrophobic bilayer core on this side of the 

boundary, reducing its area and curvature and their associated energy penalties. 

 

Martin Greenall is a Lecturer in 

Applied Mathematics. Martin 

obtained his PhD in statistical 

mechanics from the Mathematics 

Department at Imperial College 

London.  He then worked as a 

postdoctoral researcher in the 

UK and Germany before moving 

to the CNRS in Strasbourg on a 

personal EU Marie Curie 

fellowship.  In 2013, he took up a 

position as a lecturer at 

Aberystwyth University, before 

joining the new School of 

Mathematics and Physics at 

Lincoln. 
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The smoothing effect is weaker for oil molecules that are shorter or longer than this optimum value: 

short molecules spread evenly through the bilayer, while long molecules swell the thicker domain, 

increasing the surface area and curvature of the bilayer core in the interfacial region. Our results show 

that adding a suitable oil could make the formation of domain boundaries more or less favourable, 

raising the possibility of controlling the domain size distribution and hence the surface properties of 

the vesicle.  

1. Martin J. Greenall and Carlos M. Marques, Soft Matter 10 (2014) 7925-7931.   
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A unified approach to computation of 

solid and liquid free energy 

 

This research considers a new approach for 

calculating liquid free energy from atomistic 

simulations. [1] Free energy calculations are 

important for determining the stability of phases and 

can be used to determine the transition between 

them, such as the freezing temperature of water.  

 

Figure 1 Localising particles (from left to right) allows 
one to determine the absolute free energy, and hence 
the phase diagram. 

The simulation starts from a reference system of 

known free energy, akin to the Einstein crystal, by 

using a strong localisation potential (fig. 1). The 

potential employs the minimum image convention to 

be able to cope with periodic boundary effects. By 

using this localisation potential it is demonstrated that 

there is no need to include the identity-swap or 

relocation Monte Carlo moves for determining liquid 

free energies, thereby leading to a simpler algorithm.  

We propose other efficiency considerations. A small integration 

time-step during the entire simulation, as was customary before, 

can be avoided by employing an adaptive algorithm. With it the 

pure localized phase can be accurately simulated, without 

excessively increasing the total number of integration time. We 

also improve on the fixed-centre-of-mass correction reported 

previously to deal with finite size effects. The resulting scheme 

allows computation of both solid and liquid free energies with only 

minor differences in simulation protocol between the two.  

The inherent symmetry of the approach between liquids and 

solids revealed the importance of entropic terms, some of 

which were hitherto neglected in a system of short semi-flexible 

Lennard-Jones chains (fig 2.). These entropic contributions 

need to be accounted for in the free energy expression for the solid, if they are not sampled during a 

simulation run.  

 

Bart Vorselaars is a Lecturer in 

Applied Mathematics. Bart 

received his PhD in 2008 on 

theoretical aspects of polymers 

and soft matter at the Eindhoven, 

University of Technology in the 

Netherlands. Subsequently he 

worked at the University of 

Reading, and the University of 

Warwick in the UK as a 

Research Fellow. He then moved 

to Canada to work in the Institute 

for Nanotechnology at the 

University of Waterloo. 

Figure 2 Illustration of two 
operations that leave the crystal 
invariant: flip of a single chain, 
and swapping two different 
chains.  
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With it the computed melting curve is thermodynamically 

consistent with computed hysteresis loops and direct 

liquid-solid co-existence simulations (fig. 3).  

For the studied range of pressures we observe that the 

solid of the polymer chain is stable to higher 

temperatures than literature results for the monomeric 

counterpart (fig. 4).  

Although the approach has been applied 

successfully to a model system of Lennard-Jones 

chains, it is equally applicable to more 

complicated molecules, such as cholesterol. With 

it the determination of accurate phase diagrams 

is possible, which is useful in testing the 

agreement of molecular force fields with 

experimental results. It is also useful in one of my 

other areas of interest: the nucleation process of 

one phase into another. As described by 

classical nucleation theory this process is driven 

by the chemical potential, a quantity closely 

related to the free energy. 

 

 

1. B. Vorselaars, A unified approach to computation of solid and liquid free energy to revisit the 

solid-fluid equilibrium of Lennard-Jones chains, J. Chem. Phys. 142 (2015) 114115. 

 

  

Figure 3 Co-existence simulations between 
the solid (red) and liquid (blue) can act as an 
alternative to determine the melting 
temperature. 

Figure 4 The phase diagram in the pressure-
temperature plane for short chains 
consisting of 6 monomers as compared to a 
monomeric Lennard-Jones system. 
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International Symposium on Computational Condensed Matter 

 

On 7-9 September 2014 the 

Computational Physics Group 

of the University of Lincoln 

organized an International 

Symposium and PhD 

students Workshop 

"Computational condensed 

matter: advances and 

challenges" 

(www.compmat2014.com). 

The event took place in the 

sea-coast town of 

Whitehaven in western part of 

the Lake District National 

Park in Cumbria (UK) near 

Ennerdale Water, the most 

westerly and most tranquil of 

the lakes (Figure 1). The 

event marked 10 years of our 

group. Coincidentally, it was 

the first scientific event organized by newly founded Lincoln School of Mathematics and Physics at 

the University of Lincoln, where our group relocated on 1st September 2014. 

The event attracted 37 participants from 10 countries: Spain, Norway, France, Italy, Germany, UK, 

Japan, Canada, USA and the Netherlands. The small number of the participants allowed for an 

intensive networking (see Figure 2). 

 

Figure 2 Group Photo on the 9th of November before Symposium dinner at Moresby Hall. 

Figure 1 Ennerdale Water. 

https://compmat2014.wordpress.com/
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On Sunday 7th of September there was a Pre-symposium workshop delivered by 6 international 

lecturers. The workshop was oriented on PhD students and postdocs, but was also well attended by 

many other participants (see Figure 3). The lectures were delivered by Prof. Lev Kantorovich, Prof. 

Toshihiro Kawakatsu, Dr Lianheng Tong, Dr Attilio Vargiu, Prof. Ignacio Pagonabarraga and Prof. 

David Q. Wang.  

 
Figure 3 Symposium reception on 7th of September. 

The material taught in the symposium covered codes in ab initio materials simulations, hybrid fields, 

mesoscopic computational approaches, introduction to Monte Carlo simulation and force-field based 

molecular simulations.   

The main program was held on 8 and 

9 September, consisting of 15 invited 

talks, 6 short oral presentations and 2 

poster sessions. Pre-dinner key-note 

lecture was delivered by Professor 

Daan Frenkel, University of 

Cambridge (see Figure 4). Daan was 

talking on the role of entropy and 

cooperativity in complex self-assembly 

and his talk was captivating as always 

providing an unrivalled mixture of 

depths and entertainment. Two poster 

sessions combined with the afternoon 

tea provided plenty of opportunity for 

discussion. Several scientific 

publishers offered 7 generous poster 

prizes in the form of books and journal 

subscriptions which included poster 

prizes from Elsevier, Springer (4 prizes), Wiley (Macromolecular Journals), Royal Society of 

Chemistry and Soft Matter. Special Feature of this computational symposium was the Guest 

Experimentalist lecture by Professor Philip Moriarty from the University of Nottingham who delivered a 

Figure 4 Keynote "pre-dinner" lecture by Daan Frenkel. 
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fascinating talk on application dynamics 

of force microscopy in materials science 

and its connection to the Pauli principle 

which underpins the ability to achieve 

submolecular resolution.  

The symposium program was 

accompanied by the symposium 

dinners, where discussions continued. 

The symposium was finished by the 

symposium dinner at Moresby Hall with 

a lively string quartet performance by 

Elysia String Quartet from the South 

Lakes (Figure 5). 

The event was financially supported by 

Institute of Physics (IOP) Computational 

Physics Group, Royal Society of 

Chemistry Materials Chemistry Division, J-OCTA of JSOL Corporation (Japan) and Polymers journal 

(MDPI).  

  

Figure 5 Elysia String Quartet. 
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Algebraic conferences and international visits 

 

Conferences. 

In 2014–15 members of the Algebra group took part in the following international conferences:  

 International conference “Ischia Group Theory 2014”,  Ischia, Italy, 1–5 April 2014, where 

Evgeny Khukhro gave an invited plenary talk Finite groups admitting Frobenius groups of 

automorphisms with almost fixed-point-free kernel; 

 

 International conference “Mal'cev Meeting 2014”, Novosibirsk, Russia, 10–13 November 

2014, where Evgeny Khukhro gave an invited plenary talk Nonsoluble length of a finite group 

and of the fixed-points of its automorphisms; 

 

 “Profinite groups” LMS-supported meeting, 23rd April 2015, Lancaster University; 

 

International visits.  

In 2014 the Brazilian National Council for 

Scientific and Technological Development 

(CNPq) awarded a grant to University of 

Brasilia (Prof. P. Shumyatsky) for collaboration 

with Evgeny Khukhro on the project Lie 

methods in Group Theory. As a Special Visiting 

Research Fellow under the Brazilian Scientific 

Mobility Program Ciencias sem Fronteiras, 

Evgeny Khukhro will visit University of Brasilia 

for two months in every year of 2014, 2015, 

and 2016. His visits in 2014 were in May and 

October, and as a result of collaboration with 

Prof. Shumyatsky several papers were 

produced [4–10]. The last visit was in May 

2015, and the resulting paper [11] has now 

been submitted to a journal. The next visit of 

Evgeny Khukhro to Brasilia is planned in December 2015. 

In collaboration with Turkish mathematicians 

Prof. G. Ercan (Middle East Technical 

University, Ankara) and Prof. İ. Ş. Güloǧlu 

(Doǧuş University, Istanbul), Evgeny Khukhro 

visited Doǧuş Univer-sity, Istanbul,  from 24 

January to 4 February 2014 supported by a  

TÜBITAK visiting grant on the project 

Frobenius-like groups of automorphisms. This 

collaboration resulted in the papers [1–3]. 

 

  

University of Brasilia, main "worm" building, 
architect Oscar Niemeier 

Istanbul Roman Basilica Cistern, VI century  



Research highlights  2014-2015 

22 
 

Evgeny Khukhro visited Shanghai, China, 9–23 December of 2014, supported by the visiting grant of 

Shanghai University, where he gave a mini-course including the lectures Non-soluble and non-p-

soluble length of finite groups and Linear methods in the study of finite p-groups. 

 

1. G. Ercan, İ. Ş. Güloǧlu, and E. I. Khukhro, Derived length of Frobenius-like kernels, J. Algebra 412 

(2014), 179-188. 

2. G. Ercan, İ. Ş. Güloǧlu, and E. I. Khukhro, Rank and order of a finite group admitting a Frobenius-like 

group of automorphisms, Algebra Logic 53, no. 3 (2014), 258-265. 

3. G. Ercan, İ. Ş. Güloǧlu, and E. I. Khukhro, Frobenius-like groups as groups of automorphisms, Turkish 

J. Math. 38 (2014), 965-976. 

4. E. I. Khukhro, Nonsoluble length of finite groups, Algebra Logic 53, no. 5 (2014), 425-428. 

5. E. I. Khukhro, N. Yu. Makarenko, and P. Shumyatsky, Lie rings and finite groups with an almost fixed-

point-free automorphism of order 2^n, to appear in Proc. Edinburgh Math. Soc., 2015.  

6. E. I. Khukhro, N. Yu. Makarenko, and P. Shumyatsky, Locally finite groups containing a 2-element with 

Chernikov centralizer, to appear in Monatshefte fur Mathematik, 2015. 

7. E. I. Khukhro and P. Shumyatsky, Words and pronilpotent subgroups in profinite groups, J. Austral. 

Math. Soc.  97, no. 3 (2014), 343-364. 

8. E. I. Khukhro and P. Shumyatsky, Nonsoluble and non-p-soluble length of finite groups, Israel J. Math. 

207 (2015), 507-525. 

9. E. I. Khukhro and P. Shumyatsky, On the length of finite groups and of fixed points, to appear in Proc. 

Amer. Math. Soc., 2015. 

10. E. I. Khukhro and P. Shumyatsky, On the length of finite factorized groups, to appear in Annali di 

Matematica Pura ed Applicata, 2015. 

11. E. I. Khukhro and P.Shumyatsky, Engel-type subgroups and length parameters of finite groups, 

submitted, 2015. 

 

 

 

Institute of Core Mathematics Studies,  
Shanghai University 

One of the priceless two-thousand year old  
bronzes in Shanghai Museum 
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