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Introduction 

Cooperative phenomena in flows in the context of the present School relate to liquid, 
particle/granular flow, flow in and of organic/living systems, turbulence and vortex flow. Special 
emphasis was placed on studies of fluid (gas, liquid) flow around and inside micro- and 
nanoscale systems. Since biological systems have evolved in water and are mostly composed of 
water, uncovering the secrets of biomolecular flows is crucial in understanding origins of life. 
Nanofluidics is a key technology for designing engineering devices for biological applications, 
such as biomedical devices and has over the past few years experienced a rapid development. 
They find applications in a range of areas such as microelectronics cooling, e-paper, micro-
reaction devices, Lab-on-a-chip systems etc. Among the challenges in nanofluidics are topics 
like:  Fluid transport - Hydrophobic / Hydrophilic forces - Diffusion, dispersion and sample 
mixing - Particle and molecular transport - Electroosmosis/Electrophoresis - Adhesion, flow 
boundary conditions - Nanopumps. In order to solve these challenges both experimental and 
modelling/ simulation approaches are needed. In particular, the reduced system dimensionality 
and the reduced number of degrees of freedom have to be handled properly. Breakthroughs in 
this field will have great impact in industrial fields such as: Pharmaceutics, biotech, medical  
diagnostics, health care, semiconductors, and chemicals processing.  
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Program  

Program Geilo School 2011, 4 - 14 April 
Theme: Cooperative Phenomena in Flows 

 

1st Day Monday April 4 

14.30-18.00 

 

Arrival Communal transportation from Oslo airport and 
Oslo to Geilo 

18.30-19.30  Registration  

19.30-20.00 Reception  

20.00-21.30  Dinner  

21.45-22.00                Arne T. Skjeltorp Opening

2nd  Day Tuesday April 5 

08:30-11:30 L.  Mahadevan 

 

Keynote address: Introductory overview of 
various phenomena in flowing systems 

11:30-15:30 Outdoor activities and lunch  

15:30-17:30 Suzanne Fielding Non-equilibrium dynamics and rheology of 
complex fluids 

17:30-18:30  Tutorial group meetings and informal discussions 
with lecturers

3rd  Day Wednesday April 6 

08:30-09:30 Suzanne Fielding Non-equilibrium dynamics and rheology of 
complex fluids (ctd.) 

09:30- 11:30 Tiina Roose Flow in biological branching structures 

11:30-15:30 Outdoor activities and lunch  

15:30-16:30 Tiina Roose Flow in biological branching structures (ctd.)

16:30-17:30 Elisabeth Bouchaud (Seminar) Stress corrosion cracking in glass 

17:30-18:30  Tutorial group meetings and informal discussions 
with lecturers 

4th  Day Thursday April 7 
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08:30-11:30 Amber T. Krummel Multiphase flow 

11:30-15:30 Outdoor activities and lunch  

15:30- 16:30 Namiko Mitarai (Seminar) Granular flow 

16:30-17:30 Jon Otto Fossum (Seminar) Flow of clays  

17:30-18:30  Tutorial group meetings and informal discussions 
with lecturers 

5th Day Friday April 8 

08:30-11:30 Roberto Benzi Flow at High Reynolds Numbers 

11:30-15:30 Outdoor activities and lunch  

15:30-16:30 Poster authors Brief intros to the posters 

16:30-18:30 Poster session Posters left on display until Wednesday April 13 

6th Day Saturday April 9 

08:30- 10:30 Lene Oddershede Flow and diffusion inside living cells 

10:30- 11:30 Amy Rowat (Seminar) Probing single cell deformability by flow 

11:30-15:30 Outdoor activities and lunch  

15:30-17:30 Mogens H. Jensen Complex Patterns in Networks, Tissues and 
Populations 

17:30-18:30 

 

 

 

Tutorial group meetings and informal discussions 

with lecturers

7th Day Sunday April 10 

Free 
Choice of excursions to nearby 

scenic places or various skiing 

events in the mountains 

 

8th Day Monday April 11 

08:30- 10:30 Tom Henning Johansen Vortex flow 

10:30- 11:30 Yves Couder Turbulence complex matter 

11:30-15:30 Outdoor activities and lunch  

15:30-16:30 Yves Couder Turbulence complex matter (ctd.) 

16:30-17:30 Joel Stavans (Seminar)  Fluctuations of Fluctuations   
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17:30-18:30  Tutorial group meetings and informal discussions 
with lecturers 

9th  Day Tuesday April 12 

08:30- 11:30 Albert Libchaber Temperature Gradient at the Molecular Scale: 
Soret Effect, Osmotic Pressure, Depletion Force 

11:30-15:30 Outdoor activities and lunch  

15:30-16:30 Joseph L. McCauley Stochastic Processes that seem Markovian but 
aren't Memory of a past state 

16:30-17:30 Ivar Giaever (Seminar) The strange case of global warming 

17:30-18:30  Tutorial group meetings and informal discussions 
with lecturers 

10th Day Wednesday April 13 

08:30- 10:30 Renaud Toussaint Patterns and flow in granular fluid system 

10:30- 11:30 Gemunu Gunaratne Effective Models for Gene Networks  

11:30-15:30 Outdoor activities and lunch  

15:30-16:45 Arne T. Skjeltorp (Chair) 

Jens Feder 

Roger Pynn 

David Sherrington  

Joseph L. McCauley 

Flashback earlier Geilo Schools and the legacy of 
Harry Thomas 

16:45-17:00                Arne T. Skjeltorp Closing

17:00-18:00  Tutorial group meetings and informal discussions 
with lecturers

19:30 Geilo School Closing Dinner Geilo Awards, Poster Prizes etc. 

11th  Day Thursday April 14 

09:30-13:30 Departure Communal transportation of participants to Oslo 
airport and Oslo 

 
 Each lecture hour will last for about 50 min including questions + ~ 10 min break 
 Coffee breaks approximately 10:15-10:30 and 16:15-16:30  
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Poster Abstracts 

 

Mean-field Generated Herding Behaviour in Financial Markets 

Lasko Basnarkov 

SS. Cyril and Methodius University , 
Faculty of Electrical Engineering and Information Technologies,  

Skopje, Macedonia 

 

 

ABSTRACT 

An agent-based financial market model with single asset is proposed. The agents are assumed to have 
strategy of technical analysts that determine their trading activity upon analysis of the recent price 
history. The price serves as a mean field promoting the herding behaviour of the agents. The 
adjustment of the asset price depends on the difference of the demand and supply and also on their 
sum. With an appropriate choice of the fitting parameters this model can reproduce the heavy tails of 
the distributions of the log returns that span one order of magnitude. 
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Density Fluctuations in Vibrating Granular Monolayers 

Gustavo Castillo Bautista 

Licenciado en Física, Estudiante Doctorado en Física, Universidad de Chile,  
Avenida Blanco Encalada 2008 

Lab: (56)-(2)-978 4674, Cel:  (56)-(9)-7140 1664 

 

 

ABSTRACT 

This study aims to quantify density fluctuations in a fluidized quasi-two-dimensional granular system 
close to a solid-liquid-like transition. This transition is reached above an acceleration threshold and at 
sufficiently high density. The system is a shallow square cell built with two square ITO coated glass 
plates. The cell is filled with 
approximately 10000 spherical 1 mm stainless steel particles and the filling density is about 85%. Due 
to the dissipative nature of grain contacts, energy is injected in the system by vertical vibrations. To 
characterize the system we measure its Static 
Structure Factor as well as dynamical correlation functions. 
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Viscous fingering patterns in rectangular grid geometry 

Agnieszka Budek, Piotr Garstecki, Adam Samborski, Piotr Szymczak 
 

Faculty of Physics, University of Warsaw, Poland 

 

 

ABSTRACT 

Viscous fingering experiments were performed by injecting a less viscous liquid to displace a more 
viscous one in a regular, rectangular network of channels. This geometry promotes the formation of 
anisotropic, dendrite-like structures, which then compete with each other for the available flow. This 
may lead to the appearance of ascale-free, hierarchical growth pattern. Combining experiments and 
numerical simulations, we analyze different growth regimes in this system, depending on the network 
characteristics and fluid miscibility. 
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Electric field induced rotation of Clay particles 

 
Rene Castberg 

 
Dept. of Physics, University of Oslo, Norway 

 
 
 
 

ABSTRACT 
 

The electric field induced structuring of Sodium Flourohectorite clay particles suspended in silicone 
oil have been studied using WAXS and a high speed camera. This allows us to study the behavior from 
the microsecond regime to severals minutes. The WAXS experiments give us information of the 
distribution of particle orientation during the chain formation. Using a simple model and the data from 
the Highspeed camera gives some insight into the effect of the electric field, shape of the particles and 
viscosity of the oil on the rotation rate of the particles. 
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Toxin-Antitoxin Battle in Bacteria 
 

Ilaria Cataudella 
 

Niels Bohr Institute, Denmark 
 
 
 

ABSTRACT 
 
Toxin-Antitoxin (TA) pairs can be found in many single organisms as a mechanism to respond to 
starvation induced stress. One of the most well studied example is RelE-RelB pair in Escherichia Coli . 
RelE-RelB pair is expressed by the same operon, but antitoxin proteins have very short half-life and 
compensate it by having much higher translation rate than toxins. In ordinary situations the total 
amount of the antitoxin is around 10 fold higher than the toxin. 
 The antitoxin RelB can form tight complexes with the toxin, inhibiting this way the toxic activity.  
The toxin RelE is an mRNA interferase that cleaves mRNA at the empty ribosomal A site. When the 
cell is in a healthy state all the toxin is sequestered in complexes with the antitoxin and no toxic 
activity is performed.  Toxin-Antitoxin complexes have also been shown to autoregulate the TA 
operon by means of a mechanism involving cooperativity. 
When the cell faces amino-acid starvation the lower overall translation rate results in the concentration 
of the toxin to get higher than the concentration of the antitoxin.   
To test this current experimental scenario, we built a stochastic model involving a feedback 
mechanism working both at a transcriptional and translational level and simulate the stress response 
against starvation. 
By comparison with a deterministic model, we found out that stochasticity is necessary for the cell to 
switch, under starvation, to a state in which the total amount of toxin is higher than the antitoxin.  
Furthermore, cooperativity in the operator repression mechanism is found to be required for the system 
to get a fast recovery when amino-acid starvation is over.  
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Digital Nomenclature Code (dncm) for Description of Topology and Kinematics of 
Finite Elements used in Fluid Dynamics 

 
Oleg Dmitrochenko, Aki Mikkola 

Lappeenranta University of Technology 
Skinnarilankatu 34, 53851 Lappeenranta, Finland 

+358–5621–2412, –2447 
 
 
 

Keywords: finite elements, kinematics, topology, digital nomenclature code, classification 

ABSTRACT 

There are wide varieties of finite elements that have been developed in different physical areas 
such as structural analysis, fluid mechanics, electromagnetism, and coupled-field elements. This 
development work has been conducted by a large number of researchers, many working in FEA code 
development within the commercial sector. Given this commercial emphasis for much of the 
development, it is understandable that a conventional system of identification or numeration of finite 
elements does not exist. Because of the missing system of identification, authors usually describe finite 
elements in their papers with words such as ‘constant-strain triangle’, or ‘drilling triangle’. This 
approach is acceptable if a single element or a few of them are discussed. However, if one needs to 
deal with many elements simultaneously and to describe their common features or interrelationships, 
the need for a short element designation becomes obvious. 

A good example is the recent paper [1], where an attempt has been made to discover 
relationships between the absolute nodal coordinate formulation (ANCF) and conventional finite 
elements (FEM). It was found that ANCF elements can be formally constructed from existing FEM 
elements using an operation called vectorization, which can be characterized by a vectorization 
multiplier m, an integer, such that informally it looks like FEM × m = ANCF. 

The latter formula led to the idea of devising a system of identification to describe FEM 
elements with a few integers. Finite-element notations that have been employed in the literature are as 
follows: 

– by abbreviations, e.g. CFT, CST, LST, PLANE3, MIT123 etc.; this notation does not contain 
any information about nodes or coordinates that allows reconstructing the element; 

– by number of nodes, e.g. quadrilaterals Q4, Q6, Q8, Q9, bricks B8, B20; the disadvantage of 
this approach is that there is no information about kinematics and nodal coordinates; 

– by number of degrees of freedom, e.g. B4, B8 (beams), ANCF-B30, ANCF-B48; the problem 
arising here is that different elements can have exactly the same number of d.o.f. 

In a recent research [2], a new classification called digital nomenclature code in the form dnc has 
been proposed for a systematic classification of conventional elements: d is the dimension; n is the 
number of nodes, and c is the number of coordinates (derivatives) per node. Further, it has been found 
the kinematics of a great number of widely used elements is described in the form dncm. 

In the current research, more complicated elements are incorporated into this classification. They 
can employ nodal coordinates X that formally correspond to some digital code dncm; however, their 
kinematics requires an auxiliary element (dηςμ) to be created with different topology η and kinematics 
ς, μ having a different set of nodal coordinates X


. Then, a transformation T towards coordinates X 

leads to an element, which can be systematically denoted by code dncm(dηςμ) )}({ XTX 


 called the 
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extended digital nomenclature code. 
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[1] Dmitrochenko O., Mikkola A., ‘A formal procedure and invariants of a transition from 
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Fractal Avalanche Ruptures in Biological Membranes 
 

Irep Gözen1, Paul Dommersnes1,2, Ilja Czolkos1, Aldo Jesorka1,  
Tatsiana Lobovkina1,3 and Owe Orwar 

 
1. Department of Chemical and Biological Engineering, Chalmers University of Technology, SE-412 96 Göteborg, 

Sweden,  
2. Matières et Systèmes Complexes, Université Paris Diderot, Paris 75013, France.  
3. Department of Chemistry, Stanford University, 333 Campus Drive, Stanford, California 94305-5080, USA. 

 

 
 

ABSTRACT 
 
Lipid membranes envelope cells as well as organelles, and constitute the most ubiquitous building 
material in cell architecture.  Cell membrane rupture is an important biological process, substantial 
rupture rates are found in skeletal and cardiac muscle cells under mechanical load, and active cell 
membrane repair mechanisms are therefore essential to preserve cell integrity. 
Pore formation in cell membranes is also at the heart of many biomedical applications, such as in drug 
delivery.  According to common understanding, cell membranes rupture by formation of circular pores, 
and several studies consistently report circular pore rupture in lipid vesicles under strain.  
    We observed a very different rupture mechanics in bilayer membranes and cell membranes 
spreading on solid supports:  the rupture proceeded in a series of rapid avalanches causing fractal 
membrane fragmentation. The intermittent character of rupture evolution and the broad distribution in 
avalanche sizes is consistent with so called crackling-noise dynamics, which is characteristic to earth-
quakes, fracture of solid disordered materials, dislocation avalanches in plastic deformations, and 
domain wall magnetization avalanches.  Adhesion is widespread in biological cells, which suggest that 
the newly discovered rupture mechanism could be commonly occurring in cell biology. 
 
 

Nature Materials   9 , 11  908-912    (2010)   
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Effect of hydrodynamic flow on the alignment of biological molecules on the 
substrate 

E.V. Dubrovin, I.V. Yaminsky 

Moscow State University, Leninskie gory, 1/2, Moscow, 119991, Russia 

 

ABSTRACT 

Alignment of biological polymers on the substrate is the important task in surface science and 

biotechnological applications. The use of hydrodynamic flow represents an effective example of “top-

down” approach for aligning and stretching polymeric molecules. Here we investigate the effect of 

hydrodynamic flow on the alignment of long DNA molecules and viral particles on the solid substrate. 

We should assume that electrostatic interaction often accompanies hydrodynamic flow and we observe 

their mutual effect. 

Acknowledgements. This work is supported by the Program of Grants of the President of Russian 

Federation” (МК-5121.2010.2) 
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Computational Fluid Dynamics simulations of flow and concentration polarization 
in forward osmosis membrane systems 

M.F. Gruber, C.J. Johnson, Chuyang Y. Tang, L. Yde, C. Hélix-Nielsen 

University of Copenhagen, Denmark 

 

ABSTRACT 

Forward osmosis is an osmotically driven membrane separation process that relies on the utilization of 
a large osmotic pressure differential generated across a semi-permeable membrane. In recent years 
forward osmosis have shown great promise in the areas of wastewater treatment, seawater/brackish 
water desalination, and power generation. Previous analytical investigations have demonstrated how 
characteristics of typical asymmetric membranes, especially a porous support layer, influence the 
water flux performance in osmotically driven systems. In order to advance the understanding of 
membrane systems, models are required that can accurately encapsulate all significant physical 
processes occurring in the systems. The present study demonstrates a computational fluid dynamics 
(CFD) model developed within the open source framework OpenFOAM capable of simulating forward 
osmosis systems. The model is inspired by a previously published CFD model for pressure-driven 
systems developed using commercial CFD software and the general analytical theory for flux 
modeling in asymmetric membranes. Simulations are carried out with simple two-dimensional 
geometries as well as with complex three-dimensional representations of real membrane chambers. 
Simulations reveal a non-negligible external concentration polarization on the porous support, even 
when accounting for high cross-flow velocity and slip velocity at the porous surface. This means that 
the common assumption of insignificant external concentration polarization on the porous surface of 
asymmetric membranes used in current semi-analytical approaches may not be generally valid. Our 
implementation furthermore demonstrates the ease with which efficient and complex custom-built 
CFD models can be developed using the OpenFOAM toolbox.  
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Falling sand in a narrow pipe: spontaneous discretization of plug velocities 

Morten Grøva 
 

Department of Physics 
Norwegian University of Science and Technology 

NO-7491 Trondheim, Norway 

 

 

ABSTRACT 

It is known that grains falling through a narrow pipe may form plugs - regions of high density moving 
at a low velocity. A grain falling onto a plugfrom above will move within the plug for some time 
before it escapes andaccelerates into the void beneath the plug. Within the plug, grains collidewith 
each other and with the walls of the pipe. 

Recently, a much simplified one-dimensional model with two coefficients of restitution has been used 
to explore this phenomenon [1]. Inelastic collisions between the grains and the static wall slow the 
grains down, balancing the gravitational acceleration such that the grains reach a finite terminal mean 
velocity. The steady-state properties of the system can then be studied for different values of the two 
coefficients of restitution. The effects of arching, interstitial air and static friction is not included in the 
model. 

We find that discrete collision modes form spontaneously in this model, yielding a discrete set of 
characteristic plug velocities. Each velocity is deter-mined by a ricocheting motion of grains within the 
plug. Also, we find that a plug can alternate between two characteristic velocities in an unpredictable 
manner. 

 

References 

[1] S. °A. Ellingsen, K. S. Gjerden, M. Grøva, and A. Hansen, 

Density waves in gravity-driven granular pipe flow, 

 
Phys. Rev. E 81, 061302 (2010) 
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A model for the bacterial CRISPR system and phage diversity 

 
J. O. Haerter, A. Trusina, K. Sneppen 

 
Niels Bohr Institute, Blegdamsvej 17 

2100 Copenhagen, Denmark 
 
 
 

ABSTRACT 
 
"Stimulated by the recent discovery of the targeted bacterial phage resistance system clustered, 
regularly interspaced, short palindromic repeat (CRISPR) we investigate phage-bacterial coexistence 
and evolution with and without bacterial immunity to phage invasion. 
We propose a simple two-dimensional lattice model for the evolution of bacteria and bacteriophage 
species and their interaction. 
In particular, we explore this ecosystem under evolutionary pressure of more than one competing 
phage strain. The model explicitly incorporates the effect of space and population densities are given 
with respect to two parameters, namely the phage replication speed w and the ratio of phage species 
present n_p and bacterial resistancies n_{res}. The results suggest that space plays a crucial role in 
enabling phage coexistence and cooperation. We find that coexistence is a consequence of the very 
presence of many interdependent species. We contrast our results with a well-mixed lab system. " 

.
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A Life on the Edge: Virulent Phage Bacteria Coexistence on the Boundary  
of Self-organized Refuges 

Silja Heilmann 

University of Copenhagen, Denmark 

 

ABSTRACT 

Abstract: "Bacteriophage are voracious predators of bacteria and a major determinant in shaping 
bacterial life strategies. Many phage species are virulent, meaning that infection leads to certain death 
of host and immediate release of a large batch of phage progeny. Despite the apparent voraciousness of 
their phage predators, bacteria have stably coexisted with virulent phages for eons. This coexistence is 
not well understood and is therefore worth exploring in-silico. Here we suggest that coexistence is 
robustly obtained on the edge between two habitats, one of which is a bacterial refuge with conditions 
hostile to phage while the other is phage-friendly. We show how bacterial density dependent, or 
quorum sensing, mechanisms such as the formation of biofilm can naturally produce such refuges and 
edges. Coexistence on these edges exhibits the following properties, all of which are observed in real 
phage-bacteria ecosystems but are hard to explain without bacterial refuges and a phage "life on the 
edge": (i) highly efficient virulent phage with long lifetimes, high infection rates and large burst sizes, 
(ii) large, stable and high density populations of phage and bacteria, (iii) a fast turnover of both phage 
and bacteria, and (iv) stability over evolutionary timescales despite imbalances in the rates of phage vs. 
bacterial evolution. Our work suggests that virulent phage may have evolved to thrive on the edges of 
bacterial refuges such as biofilms." 
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Carbon cones – a special class of nanocarbon materials 
 

Geir Helgesen1,2, Henning Heiberg-Andersen1, Fredrik Sydow Hage1,2,  
and Arne T. Skjeltorp1,2 

 

1Institute for Energy Technology (IFE), POB 40, N-2027 Kjeller, Norway 
2Physics Department, University of Oslo, POB 1048 Blindern, N-0316 Oslo, Norway 

 

ABSTRACT 

     Large-scale production of perfect conical carbon nanostructures that are fundamentally different 
from the other nanocarbon materials, such as buckyballs and nanotubes, can be made using the so-
called Kvaerner Carbon Black & Hydrogen Process. This involves pyrolysis of hydrocarbons using a 
proprietary plasma torch process. The carbon cones (CC) that occur appear in five distinctly different 
forms. In addition, disk-shaped particles may be produced. The carbon cones consist of curved 
graphite sheets formed as open cones with one to five carbon pentagons at the tip with successively 
smaller and discrete cone angles, respectively. 

     Carbon cones are an unconventional material. They are not crystals, but molecules too large to be 
modeled accurately atom by atom. They are not periodic like graphene, yet they possess a high degree 
of regularity.  

     Although advanced theoretical work has been done on the atomic structure and electronic properties 
of carbon cones, equally vital aspects are still largely unexplored. The nucleation and growth 
mechanisms, for example, are poorly understood, thus making it very difficult to reproducibly grow 
cones in the laboratory. Outside the laboratory, there is no evidence that carbon cones have ever 
occurred. Except from a few types of seashells, Nature does not seem to produce hollow cones by 
herself. Another feature of the cones that is not understood yet is their extraordinary ability to store 
hydrogen gas reversibly at ambient temperatures. To pursue this and other suggested applications, 
substantial progress must be made on synthesis and separation. 

 

Reference 

[1] H. Heiberg-Andersen, G.S. Walker, A.T. Skjeltorp and S. Nalum Naess, Graphene Cones, in 
Handbook of Nanophysics, Ed. K.D. Sattler, CRC Press 2010 ISBN-10: 1420075381, ISBN-13: 978-
1420075380 
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Hybrid photovoltaic devices using a carboxyl-poly(3-hexyl thiophene) derivative 

A. P. Ibaldo(1)*, R. M. Faria (1), H. Neugebauer(2), N. S. Sariciftci(2) 
 

(1) Institute of Physics of São Carlos IFSC-USP/ Institute of Physics, University  of Brasília (IF/UnB), Brazil  (2) Linzer 
Institut für Organische Solarzellen – Johannes Kepler Universität  Linz, Austria  *adrianapi@fis.unb.br 

 

 

ABSTRACT 

Organic/inorganic nanostructured semiconductors have been applied as active  materials in 
optoelectronic devices with emphasis on photovoltaics (PV). They exhibit  several technological 
advantages as low cost, chemical stability and easy processing.  Furthermore, the control of film 
morphology on nanometric scale is its more interesting  advantage, since this makes possible 
increasing the effective contact area of the devices  [1]. In particular, porous, nanostructured titanium 
dioxide/poly(3-hexyl thiophene)  (TiO2/P3HT) hybrid systems have received special attention due to 
promissory results  obtained recently, although it has been shown power conversion efficiency is 
limited by  polymer infiltration degree within the porous in TiO2 films [2]. In this work is proposed  
the utilization of a carboxyl-poly(3-hexyl thiophene) in hybrid TiO2/polymer hybrid  solar cells in 
order to study pore filling of the oxide matrix by the polymer. Results  show pore filling as well as 
long-term stability may be enhanced when the carboxylated  derivative of P3HT is used.  [1] B. 
O’Reagan, M. Grätzel, Nature 353 (1991) 737.  [2] G. P. Bartholomew, A. J. Heeger, Adv. Func. Mat 
5 (2005) 677.  
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Memristive effects in ionic capillary flow 

G. K. Johnsen1,2, C. A. Lütken1, Ø. G. Martinsen1,3, and S. Grimnes1,3 

 
1. Department of Physics, University of Oslo, N-0316 Oslo, Norway 

2. Physics Department, Institute for Energy Technology, NO-2027 Kjeller, Norway 
3. Department of Clinical and Biomedical Engineering, Oslo University Hospital, Rikshospitalet, N-0424 Oslo, Norway 

 

 

ABSTRACT 

Using a simple and general model we show that ionic flow in small scale capillaries, subject to a 
periodically varying electric field, may behave as memristive systems. Memristive systems are 
generalizations of the memristor concept predicted theoretically by Chua in 1971 [1], but not described 
as a physical component until recently [2]. The memristor, basically acting as a resistor with some 
memory of its electrical history, is an elementary circuit component, complementing resistors, 
capacitors and inductors. We show that the memristor as well as the more general memristive systems 
are promising in describing ionic flow in various small scale systems exhibiting pores such as 
biological membranes, solid state materials and potentially in sequencing of the DNA. Such kind of 
flow is a prerequisite for living cells as well as for many other biological systems. The memristive 
effects of these systems are shown to increase rapidly as the systems grow smaller and are therefore 
interesting also for nano systems [3]. As the memristor cannot be represented by any combination of 
passive resistive, capacitive or inductive elements, it is promising with respect to a more correct 
description of the underlying physics of phenomena that are yet not fully understood. 

 

References: 

1. Chua LO, 1971 IEEE Trans Circuit Theory 18(5) 507. 

2. Strukov DB et al, 2008 Nature 453 80 

      3. Johnsen GK et al, 2011 Phys Rev E (accepted).  
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Magnetic Effect(s) in the Dipole Echo in Non-Magnetic Cold Glasses: the Solution 
of a Riddle 

Giancarlo Jug and Maksym Paliienko 
 

Dipartimento di Fisica e Matematica, Universita' dell'Insubria 
Via Valleggio 1, 22100 Como, Italy 

 

 

ABSTRACT 

Startling magnetic effects have been reported, in the last decade or so, when structural glasses (multi-
silicates, but also amorphous glycerol) are studied at low and ultra-low (mK) temperatures. The heat 
capacity and dielectric constant of glasses, dominated by tunneling systems at these temperatures, 
ought to display universal features and to be oblivious to the magnetic field. Instead, small non-
monotonic deviations have been observed in the dielectric constant (real part and loss) when the 
glasses are immersed in weak magnetic fields (10 mT up to 1 T). But significant deviations have been 
reported for the heat capacity and also for the amplitude of the dipole or polarization echo. We have 
developed a theory to explain quantitatively the magnetic effects in the heat capacity, and present our 
best results for the dielectric constant and loss in a magnetic field. Also, we have solved the problem of 
the astonishing magnetic effects reported on  

the echo amplitude, and using the very same model. We present our explanation - for  

ALL of the magnetic effects - in terms of special tunneling systems coupled orbitally to the magnetic 
field and residing in ``crystal embrios'' (nanocrystals or smaller) within the otherwise homogeneously-
disordered solid. This theory shows that the glass transition is more associated to the formation of 
crystal droplets around Tg than to development of frustration, as in the spin-glasses case. The 
``magnetic'' tunneling systems become therefore viable probes to reveal these crystal embryos when 
other spectroscopies would fail.  
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Crystal structure and thermal properties of  
novel mixed-metal and anion-substituted borohydrides 

G.N. Kalantzopoulos+, C. Frommen+, M.H. Sørby+, P. Ravindran*, 
H. Fjellvåg* and B.C. Hauback+ 

 
+Institute for Energy Technology, Physics Department, P.O. Box 40, NO-2027 Kjeller, Norway 

*Center for Materials Science and Nano Technology University of Oslo, PO Box 1033 Blindern, 
N-0315 Oslo, Norway 

 

 

ABSTRACT 

The mechanochemical reaction between LiBH4 and CeCl3 in a molar ratio of (3:1) led to the formation 
of LiCe(BH4)3Cl instead of the lanthanide borohydride Ce(BH4)3, in contrast to previously published 
results. This compound is a rare example of a mixed-metal and anion-substituted borohydride. Its 
structure has been solved by a combined refinement with high-resolution synchrotron radiation powder 
X-ray diffraction (HR-SR-PXD) and powder neutron diffraction (PND). DFT-calculations are in 
excellent agreement with experimentally obtained structural data. 

LiCe(BH4)3Cl crystallizes in the cubic space group I-43m (Z=8) with lattice constant a = 11.5950(2) Å. 
Its thermal properties have been studied by thermogravimetric and calorimetric methods (TGA-DSC) 
as well as by in-situ SR-PXD. The material starts to decompose below 250 oC and shows partial 
reversibility: 15% of the initial hydrogen content could be reabsorbed at 340oC under 80 bar of 
hydrogen. 

The crystal chemistry and thermal properties of other mixed-metal and anion-substituted transition 
metal borohydrides will be presented as well. 
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ABSTRACT 
 
In the edge region of magnetically confined plasmas one observes inter- mittent transport of plasma by 
filaments elongated along the magnetic field lines. These filaments carry excess plasma particles and 
heat and are referred to as blobs. Blobs are created behind the LCFS and move radially outwards 
through the SOL, contributing significantly to parti- cle and heat loss as well as wall erosion. Recent 
experimental progress shows a broad range of blob velocities with regimes where the blobs ac- 
celerate and regimes where it presents a constant velocity in the range of the acoustic velocity. 
This work presents the blob velocity scaling for a electrostatic in- terchange model. Numerical 
simulations show the blob velocity scaling depending on sheath parallel currents. We identify regimes 
blob accel- eration behaviour and a velocity scaling depending on the size of the structure. 
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ABSTRACT 

In Evanescent Wave Dynamic Light Scattering (EWDLS) experiments in colloidal suspensions one 
measures the scattered electric field time correlation function, which is connected to diffusive 
properties of the system. This technique allows to probe areas close to an interface but also introduces 
exponentially decaying illumination profile. The resulting decay of the correlation function results 
from an interplay between the nonuniform illumination and hydrodynamic interactions with a planar 
surface. 

A theoretical prediction is crucial for interpretation of new experimental data. We consider a dilute 
system, where effectively we have a one-particle problem. Hydrodynamic interactions with a surface 
result in strong modification of particle’s mobility when approaching it. We describe the effect of this 
change on the dynamics and relate it to the electric field correlation function decay rate. Comparing 
this to a case with no hydrodynamic interactions, we identify the influence of the penetration depth and 
the scattering vector. 

Even for a dilute suspension the interactions are complex and it is not possible to have an analytic 
solution. We have employed a Brownian Dynamics simulation with a very precise numerical 
implementation of mobility matrix elements, which allows us to predict the shape of the electric field 
correlation function for given values of experimental parameters. We compare the results with recent 
experimental developments. 
 
Corresponding author: mklis@fuw.edu.pl 
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ABSTRACT 
 
The interaction of CO/CO2/H2 molecules on ZnO(0001) and (10 0) surfaces has an important 
application in catalytic methanol formation. Therefore, the Hartree-Fock and Density Functional 
calculations were performed at the 3-21G basis set level in order to study the methanol formation. 
Cluster models are used in order to model the surface, the point charge model is used to embed the 
cluster and avoid finite size. The size of cluster used was (ZnO)16 in a array of 660 point charge. We 
have optimized the charge used and a molecular dynamics was performed in order to have 
conformations of adsorbed molecules. The geometry parameters of suggested intermediates for the 
methanol formation we re optimized at ab initio and Density Functional levels. The structures energy, 
orbital SCF energies, DOS, and Mulliken population were analyzed. 
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ABSTRACT 

Extended X-Ray Absorption Fine Structure (EXAFS) is a highly sensitive and extremely useful 
technique to study the local structure around a selected probe element. In our case the Ni2+ cation was 
utilized as a probe to study the process of water intercalation and diffusion in the synthetic clay Ni-
Fluorhectorite. Ni-FHT can absorb or lose water causing variations of the distances between the 
platelets as the temperature and humidity change. In this work the X-ray scattering technique (XRD) 
was done simultaneously with EXAFS. The data was collected at the pre-absorption edge of Ni (8.26 
keV) at Brazilian Synchrotron (LNLS, Campinas-SP, Brazil). The XRD results show the connection 
between the hydration states and the coordination spheres behavior given by EXAFS Fourier 
Transform analysis procedure. 
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ABSTRACT 

The problem of finding stationary configurations of point vortices in an ideal fluid past a circular 
cylinder is studied analytically. The classical solution for a pair of vortices behind a cylinder due to 
Föppl (1913) is revisited. It is shown that Föppl's linear stability analysis is in error, and the correct 
results are presented. Also the case of stationary configurations with two pairs of vortices, one in front 
and the other behind the cylinder, is considered and novel solutions are reported.  A similar 
arrangement consisting of four vortices was recently observed by Zhang and Sciver (Nature Physics 1, 
36, 2005) in superfluid helium flow past a cylinder.  Since such a configuration has not been observed 
in classical fluids, it was suggested by those authors that it originates from the complex interaction 
between the two fluid components of He II. In view of our 4-vortex solution, which is obtained 
entirely in the context of classical fluid mechanics, we argue that it is not necessary to invoke the two-
fluid model to explain the existence of the multi-vortex configuration observed in the experiment. 
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ABSTRACT 

Melting of crystals is a ubiquitous phenomenon in nature, e.g. ice melting, and a fascinating example 
of a phase transition, where the small-scale details for crystal breakdown brings up challenging 
problems. Whilst 3D heated crystals generally melt through a first order phase change associated with 
a latent heat release, it is more problematic to characterize the melting transition from the microscopic 
breakdown in thin-film (2D) crystals. The common theoretical approach to describe 2D melting is 
based on a dislocation-induced melting mechanism with two competing scenarios: i) the collective 
effects of dislocation dipoles leads to the formation of a gas of free dislocations and a universal jump 
in the elastic properties at the critical point, or ii) a proliferation of dislocations piling up in strings 
forming grain boundaries. The former scenario, also known as Kosterlitz-Thouless-Halperin-Nelson-
Young (KTHNY) theory, is associated with a sequence of two continuous phase transitions, while the 
later, i.e. grain boundary melting, leads to a discontinuous transition. 

In contrast to traditional theoretical approaches based on atomistic simulations, such as molecular 
dynamics or Monte Carlo methods, we propose to study melting using a phase field crystal model. 
This approach allows us to study the long-time dynamics of a quenched crystal phase, that is described 
by periodic modulations of the time-averaged particle density field. The diffusive dynamics of the 
density field is controlled by a suitable free energy which allows for ordering in periodic structures. 
Deviations from a perfect crystal ordering are associated with defects, such as dislocations and grain 
boundaries. Here we present a numerical investigation to further characterize the dynamics of 
dislocations and the eventual formation of grain boundaries during various heating protocols, such as 
by a shear flow or by a temperature gradient. 
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ABSTRACT 
 
Some natural fractures may be considered, at first order, as flat. However, looking at the influence of 
the fracture morphology in a geothermal background, it was shown that the complexity of the fracture 
topography changes the hydro-thermal flows which occurs when a cold fluid is injected into a hot 
fractured bedrock [1]. This was shown under lubrication approximations, which assumes that the 
fracture morphology varies in a smooth way, by solving Stokes equation and a bidimensional 
(integrated over the thickness) advection-diffusion equation.  However, some features which are 
observed in nature, like fluid recirculation, and time-dependent temperature at the pumping well, 
cannot be explained with this model. 
 
We therefore wish to go beyond this lubrication assumption and be able to observe non Darcy effects, 
which may happen due to highly variable morphology of the fluid-rock interface. 
 
Lattice-Boltzmann methods appear to be very suitable to implement this problem. Indeed, as the 
algorithms require only local operations, they can handle very well complex boundaries.  We develop 
an algorithm which is based on two coupled lattice Boltzmann methods, allowing us to solve both the 
advective mass transport and the conducto-advective heat transport. No term are discarded in this 
solving: Navier-Stokes and the full advection-diffusion equations are solved in three dimensions in 
fluid and solid.  This allows us to observe how both the velocity and the temperature evolves with time 
and space, also possibly under a time variable pressure gradient. We investigate the effect of 
recirculation around sharp asperities and wedges along the fracture over the mass and heat transport. 
We observe that the velocity profile is far from a quadratic profile in the surrounding of sharp 
asperities: cold fluid may be first trapped into such zones showing a low velocity, and released later. 
 
[1] Neuville, A., Toussaint, R., and Schmittbuhl, J. (2010). 
Hydro-thermal flows in a self-affine rough fracture. 
Physical Review E, 82, 036317. 
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ABSTRACT 

Study of the kinetic properties of liquids and liquid solutions near the critical point (CP) are the 
topical question of the soft matter physics. The correlation length Rc of the fluctuations of a system 
grows near the critical point according to the fluctuation theory of phase transition [1]. Many singular 
properties of substance (anomalous increase of the heat capacity and the susceptibility of system, a 
significant increase of the light and neutrons scattering, diffusion slowing, anomalous increase of 
thermal conductivity, etc.) appear in a system. 

The flow of the methanol-hexane binary solution through the capillary has been studied in the 
work in the wide temperature range near the consolute CP. The time of flow was measured and then 
the temperature dependence of the shear viscosity was obtained. It has been found the exponential 
temperature dependence of the viscosity far from the CP. As the critical point is approached the 
temperature dependence deviates from the exponential due to grows of fluctuations of the substance. 

The data near the CP have been analyzed on the basis of the equation of the viscosity of the 
dynamic theory of critical phenomena [2] f=r(qRc)

Z and equations for viscosity [3], which takes into 
account its spatial dispersion in system near the critical temperature [4]. 

On the basis of the studies the conclusions have been made as follows: 1) Equation of viscosity 
[2], obtained on the assumption of conditions qRc>>1, f/r >> 1, can be used in the temperature range 
=(T-Tc)/Tc10-510-4. It is necessary to use a crossover term [5] in the region >10-410-3; 2) The 
equation of the fluctuation part of the viscosity [3], based on the work [4], adequately describes the 
experimental data of the solution viscosity () in whole investigated temperature range =10-210-5 
and gives finite value of viscosity at =0. 

Study the influence of inhomogeneities on flow in methanol-hexane solution under gravity [6] 
near the critical temperature Tc has been also carried out. It has been revealed a whole set of 
peculiarities in the behavior of inhomogeneous liquids, which are not observed for homogeneous 
systems. A nonmonotonic temperature dependence at temperatures T > Tc has been detected for the 
first time for the equilibration time te(T=(T-Tc)) of the inhomogeneous substance under gravity [7, 8].  
A nonmonotonic height dependence of the relaxation time (z) has also been obtained at temperatures 
T > Tc for the inhomogeneous liquid under gravity. Maximum values of the relaxation time of 
concentration gradient dc/dz correspond not to the level of the critical isoconcentrate (z = 0) but to the 
heights z  T. It has also been detected that the relaxation properties of the inhomogeneous liquid at 
a certain height z are determined not by a single relaxation time, but by the spectrum of these times 
i(zj), which characterizes the entire inhomogeneous solution under gravity. A dynamic 
nonequilibrium equation has been proposed on the basis of the fluctuation theory of phase transitions 
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for the binary solution under gravity near the critical point. 
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ABSTRACT 

We present novel effects for few-cycle pulses propagation and interaction in cubic nonlinear media 
with the dispersion. A theory of compression of a few-cycle pulse with quadratic phase modulation has 
been developed within the SVP (slowly varying profile) method. The equation for the electric field 
was numerically solved varying the quadratic phase modulation index, number of oscillations, and 
input pulse width. The optimal modulation index was found, at which a pulse can be compressed to 
one oscillation period and the fundamental limits are shown. When the modulation index exceeds the 
optimal value, the width at the compression point increases. The theory of a chirped pulse compression 
up to one-period optical oscillations is advanced. The optimum value of the phase modulation index 
for the maximal compression achievement is found. Also in the report the process of self-compression 
of few-cycle ultrashort femtosecond pulses ( without phase modulation ) is examined in cubic 
nonlinear medium with dispersion. The process of self-compession  to one-two period pulse is 
simulated. And the equation for the electric field was numerically solved for different conditions 
(number of oscillations, input pulse width, nonlinear and dispersive indexes of medium). The process 
of ultra broadening of spectrum in these cases is discussed and examined.  The equations for self-
compression  in nonlinear  medium limits are found and compared to equation for linear medium. 

This study was supported by the Russian Foundation for Basic Research, projects nos. 09-02-01028 
and LG Chem. 
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ABSTRACT 

Laplacian growth is one of the fundamental mechanisms of pattern formation, driving such natural 
processes like electrodeposition, dielectric breakdown or viscous fingering. All of these processes 
havesimilar dynamical behaviour with a strong competition between spontaneously formed dendrite-
like structures, and tip-splitting effects when dendrites bifurcate into secondary branches. 

Here we consider a simple, deterministic model of Laplacian growth, in which the growth takes place 
only at the tips of the long-and-thin fingers. The dynamics of the system can then be described by a 
determisitic Loewner equation [1].  We extend this approach allowing the fingers to split, which is 
crucial to obtain the qualitative 

behaviour seen in nature and experiments. We discuss different splitting criterions and study the 
dynamics of the model in variety of geometries:  half-plane, channel, stripe, and radial geometry. 

 

[1] T. Gubiec, P. Szymczak, Fingered growth in channel geometry: A 

Loewner equation approach , Phys. Rev. E,  77, 041602, 2008 
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ABSTRACT 

We study the processes of intercalation and diffusion of water in the synthetic swelling clay Ni-
Fluorohectorite (Ni-FHT) by means of experimental techniques of XRD and XAFS at LNLS, 
Campinas-SP, Brazil. Ni-FHT absorbs or loses water causing the distances between the platelets 
change. This process, which is controlled by temperature and humidity, yields stable hydration states 
referred to as having either 0, 1, 2 or more water layers. For some given value of humidity the 
temperature was taken as the controlled parameter. The results of Fourier transformed XAFS data 
indicates that the first coordination sphere around the nickel is oxygen whereas the second one is 
nickel even for a situation where the relative humidity was maintained around zero and the 
temperature has gone from 125 °C to 20 °C. In all situations of humidity and temperature it was 
observed the presence of both coordination spheres peaks being due to the presence of a stable 
structure like a Brucite type that emerges in the process of dialysis preparation of the sample cationic 
exchange. 
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ABSTRACT 

We present results of direct numerical simulations of passive scalar   advection and diffusion in 
turbulent rotating flows. Scaling laws and the   development of anisotropy is studied in spectral space, 
and in real space   using an axisymmetric decomposition of velocity and passive scalar   structure 
functions. The passive scalar is more anisotropic than the   velocity field, and its power spectrum 
follows a spectral law consistent   with $\sim k_\perp^{-3/2}$. This scaling is explained with 
phenomenological   arguments that consider the effect of rotation. Intermittency is   characterized 
using scaling exponents and probability density   functions of velocity and passive scalar increments. 
In the presence of   rotation, intermittency in the velocity field decreases more noticeably   than in the 
passive scalar. Its scaling exponents show good agreement   with Kraichnan's prediction for passive 
scalar intermittency in   two-dimensions, after correcting for the observed scaling of the second   order 
exponent.  



 38

 
WAXS studies of Clay/Paraffin Composites" 

 
Zbigniew Rozynek 

 
Norwegian University of Technology and Science, Trondheim, Norway 

 
 
 

ABSTRACT 
 

The physical properties of stimuli-responsive soft materials can dramatically change when subjected to 
external stimuli such as temperature or electric/magnetic fields. In the present work, Li-Fluorohectorite 
clay particles were embedded into the paraffin-wax matrix. E-field induced particle alignment was 
achieved when the paraffin-wax was kept in a melted state (140-150 deg). Solid casts of ~15 x 6.5 x 
1.5 mm3  were made and investigated using wide angle X-ray scattering (WAXS) in order to find the 
clay particle’s orientational distribution, as well as the water content inside the clay galleries and its 
influence on the clay orientation. WAXS patterns observed are highly anisotropic and show 
differences compared to the patterns obtained from paraffin/clay composites in zero electric field. The 
clay nanolayered particles have preferential orientation in the direction of the electric field. The degree 
of anisotropy was found to be weakly dependent on water content inside the clay galleries. The 
Hendricks-Teller mixed-intercalation state was observed when sample stirred for a long time at high 
temperature above water boiling point. From the 3D picture it can be concluded that particles align 
along the E-field direction but are randomly distributed concerning the rotation along their major axis 
(parallel on average to the direction of the applied electric field). 

 
Z. Rozynek1, J.O. Fossum1, A.Mikkelsen1, R. Castberg2, K.J. Måløy2, D.  
Chernyshov3 
1Department of Physics, NTNU, Trondheim, Norway 2Department of Physics, UiO, Oslo, Norway 
3SNBL/ESRF, F-38043 Grenoble Cedex, France 
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ABSTRACT 

The aim of the work is studying of the kinetics of equilibrium establishment for inhomogeneous liquid 
near the liquid-vapour critical point using gravity effect data.  
According to the fluctuation theory of phase transitions the kinetic properties of macro-homogeneous 
substance near the critical point are determined only by the correlation length Rc and correlation time 
c [1]. At the same time under the actual conditions of physical experiment carried near the critical 
point in the gravity field presence really equilibrium system is the system inhomogeneous along 
vertical direction. Quick heating of this equilibrium system from the critical temperature Tc to various 
temperatures T>Tc , compulsory removes the system from the state of equilibrium. Such non-
equilibrium macro-inhomogeneous systems are characterized by behaviour peculiarities that are not 
observed in spatially homogeneous systems.  

The average velocity va of center of mass drift has been investigated by using the refractometry 
method for one-component inhomogeneous liquid when moving away from the Tc.  It was 
experimentally obtained, that temperature dependence of equilibrium establishment time te(T) is 
essentially non-monotonous. It was shown on the basis of te(T)-dependence and of a monotonous 
temperature dependence of drift of the center of mass coordinate z(T) that the average velocity 
va(T)=z/te is monotonous temperature function. In temperature region T=T-Tc<1 K, when 
substance in sample cell is strongly inhomogeneous, va increases very slowly and it is determined not 
only by dependence of va on diffusion coefficient D=Rc

2/c, but also by temperature dependence of 
thickness of inhomogeneous layer with near-critical density. In temperature region T=T-Tc>1 K, 
when substance in sample cell is weakly inhomogeneous, va sharply increases and is determined only 
by increasing D [1].  

The behaviour of relaxation times of refraction index n(z,T) and density (z,T) for macro-
inhomogeneous liquid under gravity above critical temperature has been also investigated with the 
refractometry method. Using the exponential relaxation relation, the relaxation times (z) of density 
(z) at different heights of investigated system have been calculated at different temperatures T>Tc . It 
was drawn a conclusion that on each selected height of one-component inhomogeneous system the 
kinetics of the equilibrium establishment is characterized not by one relaxation time (z), but the 
spectrum of times i(zi), that characterize whole macro-inhomogeneous system in a gravitational 
field. 

Based on the obtained data the 3-dimension surfaces relaxation time   density   
temperature T, relaxation time   height z  temperature T and relaxation time   chemical potential 
(z)  temperature T have been constructed. The surfaces characterize the process of flow of system 
to equilibrium state at all heights of fluid under gravity. For the analysis of the shape of these surfaces 
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there were proposed the dynamic scale equations of state for spatially inhomogeneous liquid. In 
obtained equation the reduced equilibrium temperature is connected with time of non-equilibrium 
process by a scale relation.  

Using obtained results for te(T) and dn/dz(z,T), on the basis of the fluctuation theory of phase 
transition and the theory of gravity effect, the equations for height and temperature dependences of the 
relaxation times of refraction index gradient dn/dz and density gradient d/dz ~dn/dz for 
inhomogeneous liquid near the critical point are obtained. 

As opposed to homogeneous liquid, it is concluded, that the kinetics of equilibrium 
establishment for inhomogeneous liquid under gravity when moving away from the liquid-vapour 
critical point is characterized by increasing of relaxation times of density and density gradient and 
increasing of average velocity of drift of the center of mass. These results are in a qualitative 
agreement with the investigations of the kinetic properties of binary solutions near the consolution 
critical point.  

1. A.Z. Patashinski, V.L. Pokrovski. Fluctuation Theory of Phase Transitions, Oxford, 1982. 
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ABSTRACT 

We present a novel experiment – a specific Hele-Shaw cell with mobile sides - with which both liquids 
and solids can be loaded with the same boundary conditions, beyond the small deformation regime. 
With such a system, one can examine quantitatively the response of a viscoelastic material when the 
loading rate is varied.  On the liquid side, a bubble grows in the material and destabilizes in a Saffman-
Taylor manner, forming an elongated finger, while on the solid side, a crack develops. Thus, a study of 
the morphologies of the pattern formed in the fluid allows for a quantitative analysis of the liquid to 
solid behavior. Furthermore, in our geometry, the two kinds of patterns have inverse aspect ratios. This 
study could hence give some new insight on liquid to solid phase transitions such as the sol-gel and the 
glass transition.  

We present a set of experiments obtained on Newtonian fluids of different viscosities. The observed 
viscous fingers present several similarities with the Saffman-Taylor patterns. Furthermore, we present 
some analysis of the dynamical response of our various systems. Finally we also show preliminary 
results on viscoelastic materials and the associated perspectives. 
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ABSTRACT 

One of the most promising routes towards a hydrogen economy is the use of hydrogen as energy vector for 
vehicular and stationary applications in the form of solid storage material based on nanoscaffold hydrides. 
When dealing with nanoporous materials, small-angle scattering gives invaluable information that can help 
to develop the most suitable solid material. The successful wet or melt infiltration of hydrides into carbon 
scaffolds has been demonstrated by small-angle neutron scattering (SANS) performed at the JEEP II reactor 
at IFE.1 Depending on the hydride and/or the scaffold used, the particle sizes range from 1 to 6 nm. Using in 
situ small-angle X-ray scattering (SAXS), it was possible to underline important differences in the 
morphology and surface area of the hydride particles during heating when they are nanoconfined in the 
porous scaffolds, compared to their values in the bulk state. The demonstrated changes in 
hydrogenation/dehydrogenation properties of these nanoconfined systems could be related to the differences 
mentioned above. SANS and SAXS, combined with wide-angle X-ray scattering, were used to investigate 
Mg(BH4)2, NaAlH4 and MgH2 infiltrated in carbon scaffolds. The main results will be presented. 

The authors gratefully acknowledge the collaborations with Karlsruhe Institute of Technology (Germany), 
Demokritos (Greece) and University of Oslo. Funding under the EU project NANOHy (“Novel 
Nanocomposites for Hydrogen Storage Applications”, contract n. 210092) is gratefully acknowledged. The 
skilful assistance from the Project team at the Beam Line BM26B, ESRF, Grenoble, is also gratefully 
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18785. C) Sartori, S.; et al. Nanosci. Nanotechnol. Lett., in press. D) Vajeeston, P.; Sartori, S.; et al., to be 
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Hydrodynamic dance: Stokesian dynamics of close particles 

Tomasz Gubiec, Maria Ekiel-Jezewska, Piotr Szymczak 

Faculty of Physics, University of Warsaw, Poland 

 

 

ABSTRACT 

Stokesian dynamics simulations of a three-particle cluster sedimenting in a fluid are reported. A simple 
periodic solution is found, with the three particles chasing each other (in the center-of-mass frame) 
around a butterfly-shaped curve, remaining constantly within a very short distance to each other. Most 
of the time, the particles are in a sliding motion relative to each other, followed by rapid changes of 
direction of the relative motion. The smallest gap between the particles constantly remains below 1 
percent of their diameter.  This is in contrast to previously reported trajectories which mostly have a 
scattering character, i.e., particles drift away from each other after some short-distance interaction. 
Permanent proximity of the particles makes the considered trajectory an ideal benchmark for 
comparisons of accuracy between different numerical methods. 
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The simultaneous flow of two phases in a porous medium 
 

Ken Tore Tallakstad 
Dept. of Physics , University of Oslo, Norway 

 

 
ABSTRACT 

We report on experiments of a low viscous non-wetting gas and a high viscous wetting fluid,  
simultaneously injected into in a quasi-two-dimensional porous medium, initially saturated with the 
latter phase. Sequential imaging of the flow structure at different capillary numbers, accompanied by 
pressure measurements, allows us to study the characteristic cluster dynamics of the non-wetting phase 
and its relation to the global pressure gradient. 
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Computer simulations of sedimenting colloidal dispersions 

T. Tchesskaya 

Dept. of Information Science, Odessa State Environmental University, 
15 Lvovskaya str., 65016 Odessa, Ukraine 

 

ABSTRACT 

The program for the investigation of sedimentation processes of colloidal dispersion by the direct 
numerical simulation is presented. The smoothed profile method was used for the simplification of 
complicated enormous calculations that arise due to the boundary conditions imposed on the surfaces 
of colloidal particles. 

A finite differences method was used for the calculation of a viscous flow. The projection method was 
used for the solving of the time-dependent incompressible Navier-Stokes equations. The semi-discrete 
Navier-Stokes equations that resulted from the projection method were solved in a Cartesian staggered 
grid. 

The simulation program was implemented in C language. The results obtained for the sedimentation of 
colloidal particles were visualized.  
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The decay of turbulence in rotating flows 

Tomas Teitelbaum1 and Pablo D. Mininni1,2 
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2 NCAR, P.O. Box 3000, Boulder, Colorado 80307-3000, U.S.A. 

(Dated: November 30, 2010) 

 

ABSTRACT 

We present a parametric space study of the decay of turbulence in rotating flows combining direct 
numerical simulations, large eddy simulations, and phenomenological theory. Several cases are 
considered: (1) the effect of varying the characteristic scale of the initial conditions when compared 
with the size of the box, to mimic “bounded” and “unbounded” flows; (2) the effect of helicity 
(correlation between the velocity and vorticity); (3) the effect of Rossby and Reynolds numbers; and 
(4) the effect of anisotropy in the initial conditions. Initial conditions include the Taylor-Green vortex, 
the Arn’old-Beltrami-Childress flow, and random flows with large-scale energy spectrum proportional 
to k4. The decay laws obtained in the simulations for the energy, helicity, and enstrophy in each case 
can be explained with phenomenological arguments that separate the decay of two-dimensional from 
three-dimensional modes, and that take into account the role of helicity and rotation in slowing down 
the energy decay. The time evolution of the energy spectrum and development of anisotropies in the 
simulations are also discussed. Finally, the effect of rotation and helicity in the skewness and kurtosis 
of the flow is considered. 
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(4) Geosciences Rennes (UMR CNRS 6118), Université Rennes 1, Rennes, France 

 

 

ABSTRACT 

We present results from primary drainage experiments in quasi-twodimensional porous models. We 
study the unstable displacement of a viscous liquid by air in transparent models that allow the 
displacement process and structure to be monitored in space and time. Primary drainage experiments 
are carried out under various displacement velocities. 

By combining detailed information on the displacement structure with global measurements of 
pressure, saturation and the capillary number Ca, we obtain a scaling relation that relates pressure, 
saturation, system size, and capillary number. This scaling relation allows pressure–saturation curves 
for a wide range of capillary numbers to be collapsed on the same master curve. We also show that in 
the case of primary drainage, the dynamic effects in the capillary pressure–saturation relationship 
commonly observed on partially water-saturated soil samples can be explained by the combined effect 
of capillary pressure along the invasion front of the gaseous phase, and pressure changes resulting 
from viscous forces in the displaced wetting liquid phase. 

 

Reference: 

G. Løvoll et al., Trans. Porous Med., in press (2010) 
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Simulation of dendritic flux avalanches in superconducting films 

Jørn Inge Vestgården, Daniil Shantsev, Yuri Galperin, and Tom Henning Johansen 

Institute of physics, University of Oslo 

 

 

ABSTRACT 

The gradual flux penetration in superconducting thin films is sometimes interrupted by dendritic flux 
avalanches. Such avalanches are potentially damaging for devices.  

They typically last less than one microseconds and forms either fingers or large, complex, branching 
structures. The poster explains how  the avalanches are caused by a thermomagnetic instability 
mechanisms and how simulations based Maxwells's equations  are able to reproduce, qualitatively and 
quantitatively, the complex dynamics of the avalanches. 

 



 49

 

Numerical simulation of gas dynamics in pneumatic brake system of train 

Vladislav Yazykov 

Bryansk State Technical University, Russia 

 

ABSTRACT 

The numerical simulation of gas-dynamic processes in pneumatic brake system of railway train is 
considered.  

The pneumatic brake is a complex system which includes brake pipe with many different components 
such as driver’s brake valve, control valves, compressors, brake cylinders, auxiliary reservoirs and 
others. To create the complete model of the pneumatic braking system which correctly responds to 
driver’s operations, all these components must be simulated. 

The brake pipe is a circular pipe with constant diameter which runs along the train length. The 
unsteady air flows in the brake pipe are modeled by one-dimensional gas equations of continuity and 
momentum, and the gas state equation. The brake components are modeled as volumes connected by 
means of valves and calibrated orifices. 

The main purpose of this research is to develop the model of train brake system for train driving 
simulator. 
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Modeling the NF-κB mediated inflammatory response predicts cytokine waves in 
tissue. 

Pernille Yde 
 

Niels Bohr Institute, Denmark 

 

ABSTRACT 

Waves propagating in “excitable media” is a reliable way to transmit signals in space. A fascinating 
example  where living cells comprise such a medium is Disctiostylium D. which propagates waves of 
chemoattractant  to attract distant cells. While neutrophils chemotax in a similar fashion as 
Dictyostelium D., it is unclear  if chemoattractant waves exist in mammalian tissues and what 
mechanisms could propagate them. We  propose that chemoattractant cytokine waves may naturally 
develop as a result of NF-κB response. Using a  heuristic mathematical model of NF-κB-like circuits 
coupled in space we show that the known characteristics  of NF-κB response favor cytokine waves. 
While the propagating wave of cytokines is generally beneficial for  inflammation resolution, our 
model predicts that there exist special conditions causing chronic inflammation  and re-occurrence of 
acute inflammatory response. 

 

 

 

 



 51

Committee and Lecturers 

Organising Committee 

 

Name  Address 

Skjeltorp, Arne T. 
Director 

 

 
 

 

Institute for Energy Technology 
POB 40 
NO-2027 Kjeller   
Norway  

 
arne.skjeltorp@ife.no 

 

Løkseth, Trine 
Secretary  

 Institute for Energy Technology 
POB 40 
NO-2027 Kjeller 
Norway 
 
trine.loekseth@ife.no 

 

Helgesen, Geir 
Technical assistant 

 

Institute for Energy Technology 
POB 40 
NO-2027 Kjeller 
Norway 
 
geir.helgesen@ife.no 

 

 



 52

 

Programme Committee/Lecturers 
 

Name  Address 

Benzi, Roberto 

 

University of Roma II, 
Department of Physics 
Via della Ricerca 1, 00133 Roma,  
Italy 

roberto.benzi@gmail.com 

Bouchaud, Elisabeth 

 

CEA-SACLAY, 
91191 Gif-sur-Yvette, 
France 
 
Elisabeth.Bouchaud@cea.fr 
 

Couder, Yves 

 

 
 

Département de Physique de l'Ecole 
Normale Supérieure  
24, rue Lhomond 
75230 Paris Cedex 05 -  
France 

Yves.Couder@physique.ens.frcouder@lps.ens.fr 
 

Feder, Jens  

 

 

 
 

Prof. emeritus., Physics Department, 
University of Oslo 
Norway 

jens.feder@gmail.com 

Suzanne Fielding  University of Durham, Science 
Laboratories, 
South Road, 
Durham. 
DH1 3LE, UK 
 
Suzanne.fielding@durham.ac.uk 
 



 53

Fossum, Jon Otto 

 

 

Department of Physics, 
Norwegian University of Science and 
Technology (NTNU), 
7491 Trondheim, 
Norway 

jon.fossum@ntnu.no 

Giaever, Ivar 

 
 

Applied Biophysics Inc 
185 Jordan Rd. 
Troy, NY 12180, USA 

giaever@biophysics.com 

Gunaratne, Gemunu 

 
 

Physics Dept. 
Univ. of Houston, Houston, 
TX 77204, 
USA 

gemunu@uh.edu 

 

Johansen, Tom Henning 

 
 

Department of Physics 
University of Oslo 
Postboks 1048 Blindern 
0316 Oslo 
Norway 

t.h.johansen@fys.uio.no 
 

Jensen, Mogens Hoegh
 

 
 

Niels Bohr Institute 
Blegdamsvej 17 
DK-2100 Copenhagen 
Denmark 

mhjensen@nbi.dk 



 54

Krummel, Amber 

 

 
 

Department of Physics 
1875 Campus Delivery 

Colorado State University,  
USA 

Amber.Krummel@colostate.edu 

Libchaber, Albert 

 

The Rockefeller University,  
1230 York Avenue, New York,  
NY 10065 
USA 

Albert.Libchaber@rockefeller.edu 
 

Mahadevan, L. 

 

 

Pierce Hall 324  
Harvard University 
29 Oxford Street 
Cambridge, MA 02138 
USA 

lm@seas.harvard.edu 
 

McCauley, Joe 
 

 
 

Physics Dept. 
Univ. of Houston, Houston, 
TX 77204, 
USA 

jmccauley@uh.edu 

Mitarai, Namiko 

  
 

Niels Bohr Institute 
Blegdamsvej 17 
DK-2100 Copenhagen 
Denmark 

mitarai@nbi.dk 

Oddershede, Lene  Niels Bohr Institute 
Blegdamsvej 17 
DK-2100 Copenhagen 
Denmark 

odder@nbi.ku.dk 

 



 55

Pynn, Roger 

 
 

Indiana University Cyclotron Facility 
2401 Milo B. Sampson Ln 
Bloomington,  
IN 47408-1398 
USA 

pynn@mrl.ucsb.edu 
 

Roose, Tiina 

 
 

School of Engineering Sciences 
Faculty of Engineering and Environment 
University of Southampton 
University Road 
Southampton SO17 1BJ, UK 
roose@maths.ox.ac.uk 
 

Rowat, Amy C. 

 

Department of Integrative Biology and 
Physiology 
University of California,  
Los Angeles 
USA 

 rowat@ucla.edu 
 

Sherrington, David 

 
 

Theoretical Physics 
University of Oxford 
1 Keble Road 
Oxford, OX1 3NP 
UK 

d.sherrington1@physics.ox.ac.uk, 
 

Stavans, Joel 

 

Department of Physics of Complex 
Systems 
Weizmann Institute of Science  
PO Box 26 
Rehovot 76100 
Israel 

festava@wisemail.weizmann.ac.il 
 

Toussaint, Renaud 

 

Université Louis Pasteur, 
4 rue Blaise Pascal 
CS 90032 
F-67081 Strasbourg cedex 
France 

renaud.toussaint@unistra.fr 



 56

Participants  
 

Anisimova Larysa Ukraine lanisimova@gmail.com 

Basnarkov Lasko Macedonia lasko@feit.ukim.edu.mk 

Bendtsen Kristian Moss Denmark krimobe@gmail.com 

Budek Agnieszka Poland Agnieszka.Budek@gmail.com 

Castberg Rene Norway Rene@Castberg.org 

Castillo Gustavo Chile gusanoc@gmail.com 

Cataudella Ilaria Denmark cataudel@nbi.dk 

Cordsen Pia Denmark pi@fys.ku.dk 

da Silva Geraldo José Brazil geraldo@unb.br 

Dmitrochenko Oleg Finland Oleg.Dmitrochenko@lut.fi 

Dommersnes Paul France 
paul.dommersnes@univ-paris-
diderot.fr 

Dubrovin Evgeniy Russia dubrovin@genebee.msu.ru 

Eriksen Jon Alm Norway jonaerik@student.uio.no 

Erpelding Marion Norway marion.erpelding@fys.uio.no 

Galichev Alexander Russia veritas@bmail.ru 

Gruber Mathias Denmark nano.mathias@gmail.com 

Grøva Morten Norway grova@ntnu.no 

Haerter Jan Denmark jan.o.haerter@nbi.dk 

Hage Fredrik Sydow Norway fredrsh@student.matnat.uio.no 

Heilmann Silja Denmark heilmann.silja@gmail.com 

Hino Satoshi Norway satoshi.hino@ife.no 



 57

Hovhannisyan Karen Armenia kavahox@gmail.com 

Ibaldo Adriana Brazil adrianapi@fis.unb.br 

Johnsen Gorm Krogh Norway gormkj@ife.no 

Jug Giancarlo Italy giancarlo.jug@uninsubria.it 

Kalantzopoulos Georgios Norway georgiosk@ife.no 

Knudsen Kenneth Norway kenneth.knudsen@ife.no 

Kube Ralph Norway ralph.kube@uit.no 

Kyrsting Anders Denmark kyrsting@nbi.dk 

Lisicki Maciej Poland mlisicki@gmail.com 

MA Haiyan Denmark matafeiyan103@gmail.com 

Martins Joao B. L. Brazil lopes@unb.br 

Michels Leander Brazil leander@fis.unb.br 

Muller Jiri Norway jiri@ife.no 

Myhra Kristin Sæterdal Norway k.s.myhra@fys.uio.no 

Nascimento de Moura Marcel Brazil marcelmoura@yahoo.com.br 

Neuville Amélie Norway amelie.neuville@fys.uio.no 

Olshevskiy Alexander Russia alexander.olshevsky@gmail.com 

Ostapchuk Yuriy Ukraine os@ukr.net 

Paliienko Maksym Italy 
maksym.paliienko@gmail.com, 
maksym.paliienko@uninsubria.it 

Paseka Olga Russia paseka@physics.msu.ru 

Pecelerowicz Michał Poland michal.pecelerowicz@gmail.com 

Pessi Pekka Finland 0405504850b@netti.fi 

Ribeiro Luciano Brazil lribeiro@ueg.br 



 58

Rodriguez Imazio Paola Argentina paolaimazio@df.uba.ar 

Rossen Ninna Denmark ninna@nbi.dk 

Rozynek Zbigniew Norway rozynek@ntnu.no 

Rudnikov Yevgenii Ukraine os@ukr.net 

Saintyves Baudouin France baudouin.saintyves@cea.fr 

Sartori Sabrina Norway sabrinas@ife.no 

Szymczak Piotr Poland piotr.szymczak@fuw.edu.pl 

Tallakstad Ken Tore Norway kentt@fys.uio.no 

Tchesskaya Tatyana Ukraine tatyana@odessa.zzn.com 

Teitelbaum Tomas Argentina teitelbaum@df.uba.ar 

Vestgården Jørn Inge Norway jornv@fys.uio.no 

Witte Natascha Denmark witte@nbi.ku.dk 

Yazykov Vladislav Russia yazykov@umlab.ru 

Yde Pernille Denmark pernille.yde@gmail.com 

Yurchenko Vitaliy Norway vitaliy.yurchenko@fys.uio.no 

Zhukova Natalia Georgia Natalia27cpp@hotmail.com 

 



Institute for Energy Technology
P.O. Box 40
NO-2027 Kjeller 
Norway
Tlf 0047 63 80 60 00
Telefax 0047 63 81 63 56

www.ife.no



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


