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1) What have been the reasons to set up 

an experiment at ZiF? What is the 
challenge and what are the technical 
problems raised by this? 

Physics is made by starting from experi-
mental facts, so that we found it interesting 
that people be gathered around an original 
experiment. This actually favours an inter-
disciplinary activity, as different people are 
led to apply their specific knowledge to in-
terpret the experimental observations, with-
out restricting discussion to their usual re-
search subjects. This is indeed one of the 
challenges of the ZiF project. 

Setting up the experiment was not an eas-
y task anyway (which explains the fact that 
projects like this are seldom realised): we 
had to face the problem of design, manu-
facturing, transportation of material, instal-
lation of software, and of coordinating the 
work of the numerous persons involved in 
the project. 

In fact, the experiment was conceived first 
as a collaboration between Pisa and Mar-
seilles; it was then partially assembled in 
Marseilles and Bielefeld. At the end, all the 
different elements, that is, a mechanical 
part, an optical part as well as a hardware 
and software parts, were assembled at ZiF. 

Moreover, as people used to experimental 
activity know, to overcome the technical 
difficulties related to the beginning of an 
experiment in one month only is a big chal-
lenge, too. 

In a certain sense, and this was also the 
reason for choosing this particular experi-
ment, we believe that it has a paradigmatic 
significance. 
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The room at ZiF 
 
 
2) What do you mean by paradigmatic 

significance? 
 

When we look at the outcome of the ex-
periment as it is visible in these pictures, we 
clearly identify domains with different pat-
terns that move, grow or disappear as they 
interact or touch one another. These do-
mains are made of regions of the liquid 
where the long molecules are oriented, 
roughly speaking, in the same direction. 
This collective behaviour which becomes 
relevant at a macroscopic scale (the size of 
a domain) is nevertheless the result of the 
microscopic interactions of the single mole-
cules among them. Since one of the hori-
zontal plates is rotating and the other 
dummy 

 
Anne Cros adjusting the lighting 
of the water experiment 

one is at rest, the device forces each mole-
cule to move in its own way. In spite of this 
almost individual behaviour a more global 
picture emerges from the individual back-
ground. 

The fact that, just by adjusting one exter-
nal parameter (the velocity of the moving 
disk), we can see so many different situa-
tions, ranging from a rather ordered to a 
completely disordered one, through suc-
cesssive and sudden dislocations of the local 
order of each region of the liquid, appears 
as a kind of universal scenario that may de-
serve attention by many other fields of re-
search represented at ZiF. At least this is our 
belief. 
 

 
Global view of the liquid crystal experi-
ment: experimental device, camera, lamp 
and electronic controllers 
 
 
3) In which ways did the interaction be-

tween theoreticians and experimental-
ists take place? 

 
The people who perform the experiment 

know the microscopic physics of liquid crys-
tals much better than the theoreticians 
present at ZiF. They therefore tend to pro-
pose methods of analysis relying on the 
physical evolution equations of the system 
under study. 

On the other hand, theoreticians have 
mostly proposed to characterize data, 
which are below the form of images, by 
global quantities such as entropy and com-
plexity of the observed patterns. 
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Some discussions have been necessary to 
persuade the experimentalists that this 
could give a real insight into the phenome-
na observed, but now this seems to be one 
of the directions in which a first analysis will 
be oriented. 
 

 
The experimental device with 
mechanical drive, the rotating 
and fixed parts, and the optical 
facilities 

 

Moreover, it appears that not only the 
complexity of a “frozen” situation (the con-
figuration considered at a fixed instant of 
time) is important, but, as time changes, 
the whole sequence of “photos” needs to 
be taken into account. 
 
 
4) What are the research directions emer-

ging from this experience? 
 

One of the problems will now be to define 
complexity in the specific physical situation 
of the experiment. This is a subject of active 
discussion since it appears that this defini-
tion should take into account the time and 
space scales typical of the phenomena ob-
served and the limitations related to data 
acquisition. 

Then, our goal will be to be able to modi-
fy the external parameters of the experi-
ment in a way as to control the formation 
of particular patterns. In this sense, charac-
terizing the data through complexity will 
help us to select the particular values of the 
parameters for which bifurcations take 
place: these are the regimes where the con-
trol mechanism should be applied. 

 
 

The Project 
 

Shear Flow of Liquid Crystals 
 
Patrice Le Gal1, Leo Fronzoni2, Ricardo 
Lima3, Elena Floriani3, Anne Cros1, Patrick 
McGuire4 
 
1 Institut de Recherche sur les Phénomènes 

Hors Equilibre, 12 avenue Général Leclerc, 
13003 Marseille, France  

 
2 Dipartimento di Fisica dell'Università di 

Pisa, 56100 Pisa, Italy  
 
3 Centre de Physique Théorique, CNRS 

Luminy Case 907, 13288 Marseille Cedex 
9, France 

 

4 Zentrum für interdisziplinäre Forschung, 
t Bielefeld, Wellenberg 1, 33615 

Bielefeld, Germany 
 
 
Some years ago, studies relating to the space-
time characteristics of liquid crystal electro-
convection were very popular. Following the 
theoretical studies on the control of chaos car-
ried out at the Centre de Physique Théorique 
in Marseille [1], L. Fronzoni of the University 
of Pisa has shown the possibility of using these 
methods of control in a simple experimental 
situation [2]. More recently, Fronzoni has ex-
tended his method to the case of a liquid crys-
tal convective layer [3, 4, 5]. 
 
In particular, the spatial extension of the turbu-
lent regions within the laminar flow is deter-
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mined by a careful control of the parameters of 
the experiment. These situations, where we 
can see a coexistence of turbulent and laminar 
domains (nowadays denoted by “space-time 
intermittency”), have also been observed in a 
fluid mechanics experiment done at the Institut 
de Recherche sur les Phénomènes Hors 
Equilibre in Marseille [6]. In this case, the au-
thors studied the instabilities of the flow of 
water between a rotating and a fixed disk, see 
also [7]. 
 
The purpose of this project is to bring together 
some of the participants for the annual pro-
gram The Sciences of Complexity: From 
Mathematics to Technology to a Sustainable 
World taking place at the Zentrum für interdis-
ziplinäre Forschung (ZiF). In this context, we 
have built a liquid crystal shear flow experi-
ment, taking place above a rotating disk. A 
bibliographical study shows that some amaz-
ing patterns have been visualized in [8, 9, 10, 
11], suggesting that many interesting phenom-
ena still have to be explored in the context of 
the ZiF project: coherent structures dynamics, 
synchronization, and control of chaos. Thus, 
the participants involved in this part of the pro-
ject have met at ZiF during the whole month 
of February 2001. 
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An Idea of Mathematical Complexity 
 
Let us consider a system that can be cut or decomposed into a large collection of smaller subsys-
tems. For instance, a picture on which we can move a small window, each position of the window is 
giving us a small image that is part of the picture. Of course, when the window is slightly moved 
the image we see is partially the same as previously, but in the end we will have explored the whole 
picture. 
Then we choose a way to compare any two small images seen in different windows. For instance, 
using the corresponding light levels of the pixels it is possible to characterize the result of this com-
parison by a number. Say that this number, a sort of distance between the two small images, is zero 
if they are identical and grows as the difference between them becomes more and more important. 
The nice mathematical fact is that the result that we will get at the end is almost independent of the 
way we choose to quantify this distance. Of course, to say that two small images are at a short dis-
tance in this sense, simply means that on this level of resolution they can be considered identical. 
This allows to classify all the small images in different types of patterns. At this point we can count 
how many different patterns are present in the collection of all windows. 
Notice that two small images that were considered of the same type or pattern for a given resolution 
may or may not fall into different types if we increase the resolution by a certain factor. If the num-
ber of windows is large, it is possible to measure how fast the number of patterns is growing when 
the resolution increases. The complexity of the picture is just this measure! 
You can imagine many different situations where this complexity can be estimated. In fact, all you 
need is a large collective system of which you are able to classify smaller parts according to a given 
notion of “resolution”, that is to say, up to a certain level of detail. Then you let the resolution in-
crease, in other words, you look to the small parts in more and more detail, and you count! 

 
 

 

 

 
 

 
First Results 

 
Contrary to the molecules of classical fluids such as water, the long molecules of a liquid 

crystal can be oriented when subject to an external field. This property has lead in particular 
to the invention of the well-known screens for watches or computers. In this case, it is an e-
lectric field which forces the molecules to point in a particular direction, changing the polarity 
of the light passing through the liquid crystal layer. In our experiment, the external field ap-
plied to the liquid crystal layer is a shearing stress created by the rotation of one of the two 
glass plates between which is contained the layer. As seen on the following pictures, domains 
of differently oriented molecules are observed between crossed polarizers. At high shear, a 
complex state that we call “orientational turbulence” is observed. This turbulence has the a-
mazing property to melt when the shear stress is reduced. Surprisingly, only domains having 
a double structure can survive, the single ones disappear. We think that these domains are 
each of them constituted of two differently oriented molecules. The theoretical understand-
ing of these new findings is currently under progress. 

Complexity: The sculpture “Profile” by Beate 
Cruse on the wall near the ZiF main entrance 
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The Pictures 
 

Orientational turbulence. Each line is a wall separating domains where the molecules have 
different orientations: 
 

 
 
 

When the rotary motion of one plate is stopped, the turbulent state melts in a similar way 
as it was constituted of ice blocks melting in liquid water: 
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The remaining droplets serve as seeds for a new starting shear motion: Single domains will 
disappear but double ones will grow with their characteristic shape: 
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Between crossed polarizers, the differently oriented domains are made visible: 
 

 
a) without polarizers 

 

  
b) with polarizers 


