CAMTP

CENTER FOR APPLIED MATHEMATICS AND THEORETICAL PHYSICS
UNIVERZA V MARIBORU

7. Simpozij fizikov Univerze v Mariboru

Zbornik povzetkov

Hotel Piramida
Maribor, 11., 12. in 13. december 2008



Organizacija simpozija: CAMTP - Center za uporabno matematiko in teoreti¢no
fiziko, Univerza v Mariboru

Organizacijski odbor:

prof. dr. Marko Robnik, CAMTP

prof. dr. Dean Korosak, Katedra za aplikativno fiziko, Fakulteta za gradbenistvo in
CAMTP

Urednika:

prof. dr. Marko Robnik, CAMTP

prof. dr. Dean Korosak, Katedra za aplikativno fiziko, Fakulteta za gradbenistvo in
CAMTP



PREDGOVOR

Nasi Simpoziji fizikov Univerze v Mariboru, ali na kratko kar Bozi¢ni simpoziji, imajo ze
tradicijo, saj imamo letos ze sedmega po vrsti. Namen je strokovno druzenje slovenskih
fizikov, ob prisotnosti ter aktivni udelezbi nekaterih kolegov iz tujine kot ¢astnih vabljenih
gostov, pri Cemer je srecanje 2006 preraslo regionalne okvire in je postalo nacionalno
srecanje. Letos imamo skoraj polovico vabljenih predavateljev iz tujine, iz odli¢nih razisko-
valnih skupin, tako da postajajo nasa sreCanja mednarodna. SreCanje je le ena od Stevilnih
dejavnosti CAMTP - Centra za uporabno matematiko in teoreti¢no fiziko Univerze v Mari-
boru. Glej www.camtp.uni-mb.si

Radi bi poudarili, da je naSe srecanje posveceno vsej fiziki, teoretiéni in eksperimentalni,
pa tudi matemati¢ni fiziki in uporabni matematiki in vsem drugim temam, za katere je
fizika pomembna, ali pa so pomembne za fiziko.

Vsa predavanja so na ravni kolokvijev, se pravi razumljiva za splosnega fizika, in zato Se
posebej primerna za Studente, dodiplomske in podiplomske. Taksnih splosnih srecanj na
podrocju fizike v svetu pravzaprav skorajda ni ve¢, ¢eprav so po nasem prepri¢anju pomem-
bna za Sirjenje intelektualnega obzorja vseh fizikov. Kolegi iz tujine, dosedanji udelezenci,
potrjujejo to staliS¢e in cenijo nas znanstveni program. S to dejavnostjo prispevamo tudi
k popularizaciji fizike v nasi druzbi, na trajen nacin, in ne le zgolj v okviru leta 2005,
ki je bilo svetovno leto fizike. Menimo, da je nujno poskrbeti za vec¢jo popularizacijo
naravoslovnih ved v nasi druzbi, in fizika igra pri tem klju¢éno vlogo.

Vsem dodiplomskim Sstudentom dovoljujemo brezpla¢no udelezbo na vseh predavanjih, in
s tem prispevamo k popularizaciji fizike ter k dodatnemu izobrazevanju na tem podrocju.

Nenazadnje bi radi poudarili, da je naSe druzenje lahko pomemben prispevek pri samo-
organiziranju fizikov znotraj nove Fakultete za naravoslovje in matematiko. Upamo,
da bo nova fakulteta bistveno prispevala k povezavi fizikov na Univerzi v Mariboru, v
smislu delitve pedagoskih ter znanstveno raziskovalnih dejavnosti ter rednega strokovnega
druzenja v obliki kolokvijev itd.

ORGANIZATORJA:

Prof.Dr. Marko Robnik

— Direktor CAMTP —

— Direktor 7. Simpozija —
Prof.Dr. Dean Korosak

— Clan organizacijskega odbora —



FOREWORD

Our Symposia of Physicists at the University of Maribor, or shortly Christmas Symposia,
already have a tradition, as this year it is already the seventh one. The purpose is the
scientific socializing of Slovenian physicists along with the participation of some colleagues
from abroad as our honorary guests. The Symposium in 2006 has already grown large by
exceeding the regional boundaries and became a national meeting. This year almost one
half of invited speakers come from abroad, from some best research groups, so that our
meetings are becoming international. The meeting is only one of the many activities of
CAMTP, Center for Applied Mathematics and Theoretical Physics of the University of
Maribor. See www.camtp.uni-mb.si

We would like to stress that our meeting is devoted to the entire physics, theoretical and
experimental, and also mathematical physics and applied mathematics and to all other
topics, for which physics is important, or they are important for physics.

All lectures are on the level of colloquia, thus understandable for a general physicist, and
therefore particularly well suited for the students, undergraduate and graduate students.
Such general meetings in the field of physics practically no longer exist in the world,
although according to our view they are important for the widening of the intellectual
horizon of all physicists. Our colleagues from abroad, the participants so far, confirm our
view and appreciate our scientific programme. With this activity we also contribute to
the promotion and the popularization of physics in our society, permanently and not only
within the year 2005, which was the World Year of Physics. We are convinced that it
is quite urgent to care about the more intense popularization of natural sciences in our
society, and physics plays a key role in this context.

All undergraduate students are welcome and can attend all the lectures of the conference
free of charge. In this way we contribute to the popularization of physics and to the
additional education in this field.

At the end we would like to stress, that our gathering can be and should be an impor-
tant contribution towards self-organization of physicists inside the new Faculty of natural
sciences and mathematics of the University of Maribor.

ORGANIZERS:

Prof.Dr. Marko Robnik
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Spektralne funkcije in opti¢cna prevodnost v
t-J-Holsteinovem modelu

JANEZ BONCA

Fakulteta za matematiko in fiziko, Univerza v Lyubljani, SI-1000
Ljubljana, Slovenija
J. Stefan Institu, SI-1000 Ljubljana, Slovenija
janez.bonca@ijs.si ® www-f1.4js.si/~bonca

Predstavil bom ucinkovito numeri¢cno metodo za opis stanj ene vrzeli v antifero-
magnetnem ozadju ob prisotnosti mreznih prostostnih stopenj. Metoda je defini-
rana na neskob¢ni mrezi in omogoca izracun fizikalnih lastnosti pri poljubnih val-
ovnih vektorjih. Metodi¢no povecevanje funkcijskega prostora vodi do rezultatov, ki
so veljavni v termodinamski limiti. Izracunane spektralne funkcije v limiti mocne
sklopitve z mreznimi nihanji dobro opiSejo nenavadno obliko spektrov, izmerjenih
z metodo ARPES na substanci Cay_,Na,CuO,Cly. Izracunali smo tudi trdnost
naboja in opti¢no prevodnost. Sklopitev z mreznimi nihanji mo¢no vpliva na koher-
entno gibanje vrzeli v fizikalno relevantnem rezimu izmenjalne sklopitve. Opti¢na
prevodnost v rezimu prehoda v mocno sklopitev z mreznimi nihanji vsebuje dva
izrazita vrhova kar se ujema z meritvami.

Reference

[1] J. Bonca, S. Maeckawa, and T. Tohyama, Phys. Rev. B 76 (2007)
035121.
[2] J. Bonca, S. Maekawa, T. Tohyama, and P. Prelovsek, Phys. Rev. B

77 (2008) 054519.



Spectral functions and optical conductivity of the
t-J-Holstein model

JANEZ BONCA

Faculty of Mathematics and Physics, University of Ljubljana,
SI-1000 Ljubljana, Slovenia

Institut J. Stefan, SI-1000 Ljubljana, Slovenia
janez.bonca@ijs.si ® www-f1.4js.si/~bonca

I will present an efficient numerical method for the description of a single-hole motion
in the antiferromagnetic background in the presence of lattice degrees of freedom.
The method is free of finite-size effects and allows calculation of physical properties
at an arbitrary wavevector. Methodical increase of the functional space leads to
results that are valid in the thermodynamic limit. Calculated spectral functions
in the strong coupling limit reproduce well the waterfall structure seen in ARPES
spectra on Cay_,Na,CuO,Cly. We also compute the charge stiffness and optical
conductivity. Coherent hole motion is most strongly influenced by the electron-
phonon coupling within the physically relevant regime of the exchange interaction.
Optical conductivity in the crossover to the strong coupling regime shows a two-peak
structure in agreement with recent optical measurements.

References

[1] J. Bonca, S. Maekawa, and T. Tohyama, Phys. Rev. B 76 (2007)

035121.
[2] J. Bonca, S. Maekawa, T. Tohyama, and P. Prelovsek, Phys. Rev. B

77 (2008) 054519.



Termicni spomin v spinskem sistemu
J. DOLINSEK, M. JAGODIC, Z. JAGLICIC

Institut JozZef Stefan, Jamova 39, SI-1000 Ljubljana, Slovenija
IMFM Institut za matematiko, fiziko in mehaniko
Jadranska 19 SI-1000 Ljubljana, Slovenija

Poleg magnetnega in feroelektricnega spomina obstaja tudi termi¢ni spomin, kjer
si sistem sklopljenih elektronskih spinskih magnetnih dipolnih momentov zapomni
svojo "termi¢no zgodovino” med ohlajanjem. Kadar pri zveznem ohlajanju snovi
brez prisotnosti zunanjega magnetnega polja hlajenje za nekaj ¢asa prekinemo (spin-
ski sistem ”staramo”), si spinski sistem zapomni temperaturo in ¢as prekinitve
ohlajanja. Informacija se zapise v elektronsko spinsko konfiguracijo in jo lahko
"precitamo” pri segrevanju vzorca z uporabo majhnega ”¢italnega” magnetnega
polja velikosti nekaj Oe. S pozitivnim termi¢nim ciklom lahko termiéni spomin spet
izbrisemo in s tem ”pomladimo” sistem (pojav je znan kot ”pomladitev” ali "rejuve-
nacija”). Termi¢ni spomin obstaja v neravnovesnih (neergodi¢nih) spinskih sistemih
in je bil doslej opazen v spinskih steklih, geometrijsko frustriranih antiferomagnetih
ter v manjsi meri v orientacijskih dielektri¢nih steklih in neurejenih feroelektrikih.

V zadnjem casu se je izkazalo, da je pojav zelo izrazit v kompleksnih kovinskih spoji-
nah kot so Taylorjeve faze T-Al3(Mn,Pd,Fe) in dekagonalni kvazikristali d-Al-Mn-Fe

1].

Reference

[1]  J. Dolinsek, J. Slanovec, Z. Jaglici¢, M. Heggen, S. Balanetskyy, M.
Feuerbacher, K. Urban, Phys. Rev. B 77, 064430 (2008).



Thermal memory in spin systems
J. DOLINSEK, M. JAGODIC, Z. JAGLICIC

Jozef Stefan Institute, Jamova 39, SI-1000 Ljubljana, Slovenia
IMFM Institute for Mathematics, Physics and Mechanics
Jadranska 19 SI-1000 Ljubljana, Slovenija

Beside the magnetic and ferroelectric memory types, there exists also thermal mem-
ory, where the system of coupled electronic spin magnetic dipole moments remem-
bers its thermal history during cooling. When a continuous cooling in the absence of
an external magnetic or electric field is stopped for a period of time, the spin system
"remembers” the stop temperature and the stop time it has spent at the constant
stop temperature. This information is inscripted into the electronic spin configura-
tion and can be retrieved at a later time by continuously heating the sample in the
presence of a small "readout” magnetic field of magnitude of a few Oersted. A pos-
itive thermal cycle erases the thermally inscripted information. The phenomenon
of thermal memory exists in out-of-equilibrium (nonergodic) spin systems and was
so far experimentally observed in spin glasses, geometrically frustrated antiferro-
magnets and, to a smaller extent, in orientational dielectric glasses and disordered
ferroelectrics. Recently, an especially strong memory effect was observed in T-
Al3(Mn,Pd,Fe) complex metallic alloys, known as the Taylor phases, and decagonal
quasicrystals d-Al-Mn-Fe [1].

References

[1]  J. Dolinsek, J. Slanovec, Z. Jaglici¢, M. Heggen, S. Balanetskyy, M.
Feuerbacher, K. Urban, Phys. Rev. B 77, 064430 (2008).



Retrograde orbits in planetary systems
RUDOLF DVORAK

Institute of Astronomy
Unwersity of Vienna, Austria
dvorak@astro.univie.ac.at

It is known since long time that retrograde satellite orbits are more stable than
prograde ones. The same is expected from retrograde planetary orbits. To clarify
this different dynamical behaviour we have undertaken numerical simulations for
retrograde orbits in our Solar system (for asteroids in the main belt) and also earth-
like planets in multiplanetary systems. We will give some explanations for this
difference for these kind of orbits for 'mormal’ orbits. In addition we treat the
problem of retrograde planetary motion in mean motion resonances with numerical
experiments and analytical considerations.

References

Gayon J and Bois E 2008 Are retrograde resonances possible in multi-planet systems?
in Astronomy and Astrophysics 482 pp 665 -672

Kinoshita H and Nakai H 1988 Note on secular perturbations between a retrograde
body and a prograde body in Celestial Mechanics 42 pp 279-292



Tezki mezoni s pozitivno parnostjo v kiralni
perturbacijski teoriji s tezkimi mezoni

SVJETLANA FAJFER

Fakulteta za matematiko in fiziko, Univerza v Lyubljani in Institut J.
Stefan
Jadranska 19, SI-1000 Ljubljana, Slovenia
svjetlana. fajfer@ijs. st

Predstavila bom kiralne efektivne teorije s tezkimi mezoni, ki opiSejo moéno inter-
akcijo tezkih mezonov in lahkih psevdoskalarnih mezonov. Taksna efektivna teorija
kombinira efektivno teorijo tezkih kvarkov in kiralno perturbacijsko teorijo. Pred-
stavila bom izracune kiralnih korekcij k mocni sklopitveni konstanti, mesalni am-
plitudi mezonov B, in Isgur-Wise funkciji. V teh primerih smo ugotovili da tezki
mezoni prispevajo enako kot so korekcije mezonov K in n v kiralni perturbaci-
jski teoriji. Zato predlagamo, da je pri izracunih na mrezi potrebna ekstrapolacija
fizikalnih rezultatov le v primerih ko je masa mezonov 7 manjsa od razlike mas
tezkih skalarnih in psevdoskalarnih mezonov.

Reference

[1]  S. Fajfer, J.F. Kamenik, Physical Review D 74 (2006) 074023.

[2]  D. Beéirevi¢, S. Fajfer, J. F. Kamenik, JHEP 0706 (2007) 003.
3] J.O. Eeg, S. Fajfer, J.F. Kamenik, JHEP 0707 (2007) 078.
[4]  J.O. Eeg, S. Fajfer, J.F. Kamenik, Physical Review D 78 (2008) 074008.



Positive parity heavy mesons in heavy meson
chiral perturbation theory

SVJETLANA FAJFER

physics Dept., Unwwversity of Lyubljana and J. Stefan Institute
Jadranska 19, SI-1000 Ljubljana, Slovenia
svjetlana. fajfer@ijs. si

Chiral loop corrections to effective couplings describing strong interactions of two
heavy mesons of even or odd parities and a light pseudoscalar meson are considered,
within a framework which combines heavy quark effective theory and chiral pertur-
bation theory. We consider chiral logarithmic corrections to strong couplings, By
and B mixing amplitudes and to Isgur-Wise functions. In all three examples it was
found that positive parity heavy mesons produce corrections which are competitive
in size with the K- and eta-meson chiral logarithmic corrections. Therfore, we sug-
gest that in the lattice studies one should use pion chiral logarithmic corrections in
the extrapolation of the physical result, as long as the pion mass is much smaller
than the mass gap between the scalar and pseudoscalar heavy-light mesons.
Reference
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Delocalization of wavepackets in disordered
nonlinear systems

SERGEJ FLACH

Max-Planck-Institut fir Physik komplexer Systeme
Nothnitzer Str. 38, D-01187 Dresden, Germany
flach@pks.mpg.de www.pks.mpg.de/ flach

Linear disordered systems allow for Anderson localization. Then all eigenstates are
localized, and an initially localized wave packet will not spread beyond the localiza-
tion volume of the linear system. Adding nonlinearities leads to an interaction of
eigenstates. The question is therefore, whether the wave packet will spread or stay
localized. T will show that the wave packet can spread in three different regimes.
All of them show subdiffusion, while some allow also for partial localization due to
selftrapping. The subdiffusive spreading is universal and characterized by the sec-
ond moment growing algebraically in time, with exponent 1/3 for one-dimensional
systems with cubic nonlinearity. It is due to a finite number of modes which stay
resonant and are responsible for weak chaos inside the packet.

I will discuss higher spatial dimensions, address the spreading in the presence of
a nonzero thermal background, and the speeding up of the spreading process by
ramping the nonlinearity strength in time.

References

[1] S. Komineas, G. Kopidakis, S. Flach and S. Aubry, Phys. Rev. Lett.
100, 084103 (2008).

[2] S. Flach, D. O. Krimer and Ch. Skokos, arXiv:0805.4693 (2008).
[3] R. A. Vicencio and S. Flach, arXiv:0809.2115 (2008).
[4] S. Flach, S. Komineas, D. O. Krimer and Ch. Skokos, in preparation.



Fourier’s law by two stage thermalization

THOMAS GILBERT

Center for Nonlinear Phenomena and Complex Systems
Université Libre de Bruxelles, C. P. 251, Campus Plaine, B-1050
Brussels, Belgium
thomas.gilbert@ulb.ac.be o http://homepages.ulb.ac.be/ tgilbert

I will report on some new developments regarding the problem of characterizing
the process of heat transfer from first principles and argue that there is hope to
achieve such an understanding for a particular class of insulating materials known
as aerogels, 7.e. gels whose liquid component has been removed. Heat conductivity
is a number that characterizes heat transfer in solid materials and measures the
heat current resulting from the application of a small temperature difference across
the solid. For most solids the theoretical computation of this number is a very
challenging task. The models I shall describe capture the properties of materials
which possess both the spatial structure of solids and collisional dynamics of gases.
I will discuss the conditions under which the heat conductivity of these materials
can be universally expressed in terms of the frequency of collisions between gas
particles. This universality manifests itself when the gas particles are individually
trapped in a porous solid material and only rarely collide with each other, mostly
rattling around their traps. Importantly, this result is independent of the trapping
mechanism.

References

[1]  P. Gaspard and T. Gilbert, Heat conduction and Fourier’s law by con-
secutive local mizing and thermalization, Phys. Rev. Lett. 101 (2008)
020601.

[2] P. Gaspard and T. Gilbert, Heat conduction and Fourier’s law in a class
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3] T. Gilbert and R. Lefevere, Heat conductivity from molecular chaos
hypothesis in locally confined billiard systems, Phys. Rev. Lett. (2008)
mn press.
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Biljardi s trdimi stenami in z enosmernim
transportom

MARTIN HORVAT

FMF - Fokulteta za matematiko in fiziko, Oddelek za fiziko
Univerza v Ljubljani, Jadranska 19, SI-1000 Ljubljana, Slovenija
martin.horvat@fmf.uni-lj.si @ hitp://chaos.fmf.uni-lj.si/ horvat

V biljardih z enosmernim klasi¢nim transportom fazni prostor razpade na tri klasi¢no
invariantne in disjunktne podprostore, ki pripadajo naprej-potujocim delcem, nazaj-
potujoc¢im delcem in druzini periodi¢nih obrit, ki lo¢i oba prejsnja prostora. Klasi¢ni
transport vzdolz neke smeri analiziramo s pomocjo t.i. modela skakanja. Ta poenos-
tavljena slika omogoca enostavno tipiziranje transporta. V kvantni sliki je klasi¢ni
enosmerni transport krsen s tuneliranjem preko druzine periodi¢nih orbit med pre-
ostalima invariantnima podprostoroma. Omenjeno tuneliranje je merjeno v sipalni
sliki in je Sibko, a ima zanimive posledice za statistiko lastih energij biljardov. Le-
ta niha med statistikama, ki sta tipi¢ni za kvantne sisteme pripadajo¢ klasi¢no
kaoti¢nim sistemom s simetrijo z ozirom na obrat casa in sistemom brez te simetrije.
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In the billiards with the classical unidirectional transport the phase-space decom-
poses into three disjoint subspaces associated to the forward traveling particles,
backwards traveling particles and to the family of bouncing-ball orbits, which sepa-
rate both previous subspaces. The classical transport along one direction of travel is
analysed using the so-called jump model. In this picture we can easily classify trans-
port properties in unidirectional billiard. In the quantum picture the unidirectional
transport is violated due to the tunneling over the bouncing ball orbits between the
other two classical invariant manifolds. This tunneling is analysed using the scat-
tering techniques and is quite weak. Nevertheless it has interesting consequences
for the statistics for eigenenergies. This is found to be a hybrid between statistics
typical for quantum systems that correspond to classically chaotic systems with the
time-reversal symmetry and to the systems no such symmetry.
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We study the occupation statistics P(n) of a Bose-Einstein condensate consisting of
N particles loaded in a double-well trap with inter-site coupling K. Two dynamical
scenaria are investigated: a)wavepacket dynamics and b) linear variation of the bias
between the on-site energies of the two wells. In the latter case, as we increase
the driving rate of the bias, we resolve three different regimes: quantum adiabatic,
diabatic, and sudden. We find that during the adiabatic to diabatic crossover, many-
body Landau- Zener transitions play a dominant role, resulting in oscillations of the
second moment of the occupation statistics. In contrast, the crossover to the sudden
regime is characterized by a broad distribution P(n) which is reflected in a global
maximum of the second moment.
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Predstavljeni bodo nekateri rezultati v zvezi z dinamiko v diskretnih homogenih
kvadraticnih sistemih v ravnini

Ty = i + 2012y, + 1Yp

3 ai,bi,ciER, Z:1,2
Ykt1 = aop + 2boxi Yk + Coyi

kjer pripadajoca algebra
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vsebuje enodimenzionalni ideal. Zvezo med homogenimi kvadraticnihmi sistemi in
dvodimenzionalnimi komutativnimi algebrami je vpeljal ze Markus [2] (izérpne in-
formacije o tej tematiki in virih v zvezi z njo najdemo v Walcherjevi monografiji [3]).
Tak algebri¢ni pristop nam pomaga pojasniti dinamiko v ustreznem kvadrati¢cnem
sistemu. Pri tem ima pomembno vlogo struktura algebre same, ter obstoj posebnih
elementov, kot so na primer nilpotenti in idempotenti. Znano je, da je dinamika v
takih sistemih lahko kaotiéna [1]. Najpreprostejsi primer je dinamika kompleksnega
kvadriranja, ki je na robu mnozice vseh omejenjih orbit kaoti¢na.

V tem porocilu bomo obravnavali dinamiko diskretnih kvadraticnih sistemov v
ravnini kjer pripadajoca algebra vsebuje ideal napet na nilpotent 7 ( 7 -7 = 6)
oziroma na idempotent p’ ( p'- p = p). Pokazali bomo, da je dinamika v prvem
primeru trivialna, v slednjem pa je lahko kaoticna.
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We consider the dynamics in those special cases of quadratic homogeneous discrete
dynamical systems

Try1 = a12h + 2012y + C1YE
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Yet1 = oy + 2bopyr + C2y7

in which the corresponding algebra contains some nontrivial one-dimensional ideal.
The correspondence between homogeneous dynamical systems and two-dimensional
commutative algebras
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was introduced by Markus [2] (an extended list of references may be found in
Walcher’s monograph [3]). Algebraic concepts (such as structure of algebra and
existence of special elements like idempotents and nilpotents) help us to study the
dynamics of the corresponding discrete homogeneous quadratic maps. It is well-
known that such systems can exhibit chaotic behavior [1]. The simplest example is
the complex-squaring map, which exhibits chaotic behavior on the unit circle which
is the boundary, 0B, of the set of all points with bounded forward orbits.

In this report we will consider the dynamics in all planar cases which correspond
to an algebra with an ideal spanned by vector p or 7, where p and 7 stand for two
important special algebraic elements which affect strongly on the dynamics. These
special elements are idempotents (i.e. elements defined by p- p'= p) and nilpotents
of rank two (i.e. elements defined by -7 = 0). We show that in the cases where the
ideal is spanned by a nilpotent n the dynamics is trivial. However, in cases where
the ideal is spanned by an idempotent p the dynamics is much more interesting
(even chaotic).
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Med homogenimi kvadrati¢nimi sistemi in neasociativnimi algebrami je bijektivna
zveza, ki jo omogoca desna stran sistema. Pripadajoce mnozenje % v algebri je z
desno stranjo @ enoli¢no definirano s formulo z*y =  (Q (z +y) — Q (z) — Q (v)).
Zato je takSen algebraicni pristop uporaben tako za kvadratiéne sisteme NDE 2/ =
Q (z), kot tudi za ustrezne diskretne sisteme 5,1 = @ (x); . € R™. V zveznih
sistemih je koordinatno izhodis¢e vedno totalno degenerirana kriticna tocka. V
diskretnih sistemih pa je le-to vedno stabilno. V ravnini pri zveznih sistemih seveda
ni kaoti¢nega obnasanja, kar pa za diskretni primer ni res (najpreprostejsi primer za
obstoj kaosa v takih sistemih je preslikava, ki ustreza mnozenju kompleksnih stevil).
V tem porocilu bomo sledili Markusovi izvirni ideji [2] in razlozili kako so bili (do
linearne ekvivalence natrancno) klasificirani ravninski sistemi. Korenine do (alge-
brske) klasifikacije so dvostranske. Prvi¢, vsak homomorfizem iz ene algebre v drugo
je povezan z obstojem linearne preslikave, ki ohranja resitve iz ene pripadajoce al-
gebre v drugo. Posledi¢no pomeni obstoj izomorfizma med dvema algebrama obstoj
linearne ekvivalence med pripadajocima sistemoma. To opravici algebrski prisop pri
klasificiranju kvadratiénih sistemov. Drugi rezultat, ki je Markusu omogocil izvrsiti
klasifikacijo algebrer (in sistemov) v ravnini pa je rezultat Kapana in Yorka [1],
ki pravi, da vsaka kon¢nodimenzionalna realna algebra premore bodisi projektorje
bodisi nilpotente reda 2. Poleg obstojece Markusove klasifikacije v ravnini je bila
narejena tudi delna klasifikacija sistemov v 3D prostoru (glej [3,4]). V tem porocilu
bomo prikazali osnovne ideje algebrske klasifikacije v ravnini.
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There is a one-to-one correspondence between homogeneous quadratic systems and
nonassociative commutative finite dimensional real algebras. It is the right hand
side of the system which allows us to introduce the algebraic concept into the dy-
namical system. The corresponding algebra multiplication * is uniquely defined by
zxy = 3(Q(x+y)—Q(z)—Qy)). Therefore, this kind of algebraic approach
is applicable for quadratic systems of ODEs 2’ = @ (), as well as for the discrete
quadratic systems .1 = Q (zx); xx € R™. The origin is always a total degenerate
critical point in the continuous case on one hand, and is (trivial) stable in the dis-
crete case on the other hand. There is no chaotic behavior in R? in the continuous
case on one hand, and it is well known that there is a chaotic behavior in some
discrete cases on the other hand.

In this report we will follow the original Markus idea [2] and explain how the planar
systems were classified up to a linear equivalence. The origin of (algebraic) classifica-
tion is two-sided. Firstly, every algebra homomorphism from one algebra to another
is associated with the existence of a linear solution preserving map which preserves
the solutions from one corresponding system to another. Consequently, the exis-
tence of an algebra isomorphism between two algebras imply the linear equivalence
of two corresponding systems. This justifies the algebraic approach when classifying
the quadratic systems. Secondly, the fact that every finite dimensional real alge-
bra contains either idempotents or nilpotents of rank two (i.e. the Kaplan-Yorke
result [1]) enabled Markus to do the algebraic classification based on the number
of idempotents and nilpotents of rank two. A partial algebraic classification in 3D
space was done in [3,4]. In this report I am going to present the basic ideas of the
classification in the plane.
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Hiter razvoj nanotehnologije vodi do zahtev po vedno novih enodimenzionalnih ma-
terialih z novimi funkcionalnimi lastnostmi. Nedavno so se nanozice na osnovi
molibdena zvepla in joda[l] izkazale kot zelo perspektiven nov tovrsten material
z izjemno funkcionalnostjo na molekularni ravni. Omenjene nanozice imajo povsem
edinsteveno strukturo, ki omogoca da se skupki molibdena vezejo preko anionskih
mostickov v dolge gibke verige[2]. Te hkrati kazejo zelo velike Youngove mod-
ule[3] in nelinearne mehanske in elektronske lastnosti[4,5]. Zelo sibka sklopitev med
posameznimi polimernimi verigami znotraj kristaliniénih sveznjev posameznih zic
omogoca opazovanje fundamentalnih elektronskih in magnetnih lastnosti enodimen-
zionalnih sistemov. Sposobnost kovalentne vezave na koncih posameznih zic preko
sulfidnih vezi na molekularna stikala in zlate kontakte[6] omogo¢a njihovo uporabo
nanodelcev vodi v samo-organizirana kriti¢na vezja, podobna kot tvorijo neuronske
mreze v mozganih. V predavanju bom nakazal pot za njihovo uporabo pri izgradnji
molekularnega racunalnika.
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The rapid development of nanotechnology has lead to demands on new one-dimensional
materials with new functional properties. Most recently inorganic molecular wires -
particularly molybdenum halide or chalcogenide cluster polymers[1] - have emerged
as a new type of one-dimensional materials with remarkable molecular-scale func-
tionality [2]. These molecular wires are unique in terms of structure and molecular
properties, setting them apart from the plethora of nanowires and nanotubes discov-
ered in recent years. Their one-dimensional polymer structure gives rise to some very
unusual physical properties. Anionic bridges which bind Mo clusters together into
one-dimensional chains are extraordinarily strong, yet highly deformable, giving rise
to exceptionally high YoungOs moduli[3] and nonlinear mechanical and electronic
properties respectively[4,5]. The very weak interaction between individual polymer
chains within crystalline bundles leads to observation of extreme one-dimensional
electronic and magnetic character. The connectivity of the molecular wire ends to
gold nanoparticles and surfaces with covalent bonds [6] and good electronic coupling
enable self-assembled molecular-scale electrical connections to be made between in-
dividual molecules, which opens the way to a wide variety of diverse applications in
molecular and gas sensing and potentially revolutionary applications in molecular
electronics.
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Predstavil bom problem evolucije kooperacije v igri dileme zapornika kjer so na
zacetku vsi igralci povezani zgolj s svojimi §tirimi najblizjimi sosedi. Ce socasno z
evolucijo strategij omogocimo, da igralci tvorijo nove povezave, se moznost prezivetja
kooperatorjev zvisa, tudi ce so skusnjave za defekcijo velike. Ta koevolucijski proces
rezultira v zelo heterogenih interakcijskih mrezah, katerih porazdelitev je najbolje
opisana z eksponentnim fitom.
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The evolution of cooperation in the prisoner’s dilemma game shall be discussed,
where initially all players are linked via a regular graph, having four neighbors each.
If, simultaneously with the strategy evolution, players are allowed to make new
connections the survival of cooperators shifts towards high temptations to defect.
Moreover, this coevolutionary process results in highly heterogeneous interaction
networks with an exponential fit best characterizing their degree distribution.
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Results from a systematic study of baryon properties within the framework of rela-
tivistic constituent-quark models will be reviewed. They concern in particular the
spectroscopy of all light and strange baryons, the baryon electromagnetic and weak
form factors, the hadronic decays of baryon resonances and the structure of their
rest-frame wave functions. The combined insight into these properties, together
with the presently available phenomenological data, leads to a new and extended
classification scheme into spin-flavor multiplets for all of the established light and
strange baryon ground and resonant states.
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Predstavil bom LifSicovo teorijo van der Waalsovih interakecij med makroskopskimi
telesi in pokazal, kako jo lahko uporabimo za izracun van der Waalsovih inter-
akcij med anizotropnimi cilindri. Obravnaval bom dielektri¢cne spektre enosten-
skih ogljikovih nanocevk in pokazal, kako se njihove strukturne lastnosti kazejo v
znacilnostih interakcij med njimi.
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I will present the Lifshitz theory of van der Waals interactions between macroscopic
bodies and show how it can be applied to calculations of van der Waals interactions
between anisotropic cylinders. I will discuss the ab initio dielectric spectra of sin-
gle walled carbon nanotubes and show how the structural properties of nanotubes
transpire on the characteristics of the interactions between them.
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Real-world data often exhibit long-range correlations combined with deterministic
periodic trends. We introduce a new method, the cross-correlations test Q¢c, for
quantifying the long-range cross-correlations between two time series. If there are
no cross-correlations between two time series, the cross-correlations test follows ap-
proximately the x%(m) distribution, where m is the number of degrees of freedom.
If the cross-correlations test exceeds the critical value of the x*(m) distribution,
then we say that the cross-correlations are significant. In addition to long-range
cross-correlations, deterministic sinusoidal trends also affect the cross-correlations
test. We show that a global detrending approach is effective for investigating cross-
correlations of the underlying stochastic process. We show that if a Fourier phase-
randomization procedure is carried out on a power-law cross-correlated time series,
the cross-correlations practically vanish and the cross-correlations statistic test is
substantially reduced compared to the case before Fourier phase randomization.
We propose that both the cross-correlations test and the detrended cross-correlation
analysis method should be used in order to confirm the existence of cross-correlations
between two different time series. We also study the effect of periodic trends on sys-
tems with long-range power-law auto-correlations and with long-range power-law
cross-correlations. We find that periodic trends can severely affect the quantita-
tive analysis of long-range correlations, leading to crossovers and other spurious
deviations from power laws. We show that both local and global detrending ap-
proaches together with phase randomization should be applied to properly uncover
long-range power-law auto-correlations and cross-correlations in the random part of
the underlying stochastic process.
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We consider the linear wave equation on a bounded domain £ C R? with convolution
boundary conditions (cf.[1])

pu(t,z) — Ap(t,z) = 0, x €,

op t
%(t,x) + a(t —s)p(s,x)ds = 0, x € 0N.

—0o0

It is shown, that under physically reasonable conditions on the kernel a, all solutions
tend to 0, as t — co. The method is to use the Arendt-Batty-Lyubic-Vu theorem
for Cy semigroups (cf.[2]). However, the decay can be arbitrarily slow. This is
established for one- two- and three-dimensional examples by proving eigenvalues
that are arbitrarily close to the imaginary axis. The talk summarizes the results of
3], [4].
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Tocno reSevanje master enacbe za odprte
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Predstavil bom obravnavo odprtih vecdel¢nih kvantnih sistemov z master enacbo
v markovski aproksimaciji, t.j. Lindbladovo ena¢bo. Orisal bom novo analiti¢no
metodo, ki nam je omogocila to¢no resitev Lindbladove enacbe za nekatere vecdeléne
kvantne sisteme, npr. za odprto XY spinsko verigo, ter predstavil nekaj vznemirljive
nove fizike, ki nam jo te resitve razkrijejo.
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Exact solutions of master equations for open
many-body quantum systems and quantum phase
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We shall discuss theoretical treatment of open many-particle quantum systems in
terms of the master equations in the Markovian approximation, namely the Lindblad
equation. I will outline a new analytical technique which enables us to exactly solve
the Lindblad equation for certain many-particle quantum systems, e.g. for the open
XY spin chain, and present some exciting new physics contained in these solutions.
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Tekocekristalni senzor za bioloske molekule
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V sodelovonju z raziskovalnima skupinama na Brown University, ZDA, in Rhode
Island Memorial Hospital, ZDA, razvijamo nematski tekocekristalni senzor za detek-
cijo razvejanih bioloskih molekul, kot je LPS, ki je odgovorna za okuzbo s salmonelo [1].
Senzor temelji na kvadratnih mikrometrskih ¢asah napolnjenih z nematskim teko¢im
kristalom, kjer pride zaradi interakcije med tekoc¢im kristalom in biomolekulami na
zgornji prosti povrsini senzorja do spremembe opti¢ne polarizacijske slike [2]. 1z
primerjave eksperimentalnih slik s simuliranimi lahko s senzorjem detektiramo nacin
urejanja na zgornji povrsini (pravokotno, vzporedno ali degenerirano vzporedno) ter
tudi podamo oceno moci interakcije. Numericno modeliranje sluzi kot orodje za opti-
mizacijo in rezumevanje parametrov senzorja. Senzor pri koncentracijah biomolekul,
ki so primerljive s fizioloskimi, zanimivo deluje na strukturnem prehodu nematskega
tekocega kristala, kar mu daje dobro obc¢utljivost [3].
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Nematic liquid crystal biosensor
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Liquid crystal biosensor is developed in collaboration with the research groups from
Brown University, USA, and Rhode Island Memorial Hospital, USA. The goal is to
detect large biomolecules in blood, like LPS, which is released into the bloodstream
in case of sepsis. [1]. Sensor is based on micron-sized square wells filled with a
nematic liquid crystal, where liquid crystal-biomolecule interaction at the top free
surface triggers changes in the optical polarization micrographs [2]. Using compari-
son between experimental and calculated micrographs, type and strength of surface
interaction can be detected. Numerical modeling is used as a tool for optimization
and development of sensor parameters. Interestingly, at biomolecular concentra-
tions close to physiological values, sensor can operate on a structural transition of
the nematic liquid crystal ordering, which gives good sensor sensitivity [3].
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Nekaj novih rezultatov o adiabatskih invariantah
v c¢asovno odvisnem linearnem oscilatorju
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Teorija adiabatskih invariant v neavtonomnih hamiltonskih sistemih ima dolgo zgodovino
ter stevilne pomembne aplikacije v Stevilnih vejah fizike, vendar je le redko osno-
vana na rigoroznih rezultatih. Pomembna je za razumevanje asimptotskega (dol-
gorocnega) vedenja dinami¢nih sistemov. Obravnavali bomo primer linearnega os-
cilatorja, katerega frekvenca je poljubna funkcija casa, kar je v splosnem ekzak-
tno neresljiv problem. Gledali bomo razvoj energije zacetnega mikrokanoni¢nega
ansambla zacetnih pogojev and izpeljali porazdelitveno funkcijo kon¢énih energij, ki
se izkaze, da je univerzalna porazdelitev, katere funkcionalne lastnosti niso odvisne
od podrobnosti sistema, razen parametrov poreazdelitve kot je prvi moment (koncna
povpreéna energija) in varianca itd. To vprasanje je tesno povezano s problemom
ohranitve adiabatskih invariant. Teorija je zanimiva po matemati¢ni plati, saj vse-
buje elemente teorije dinamic¢nih sistemov, teorije verjetnosti, diskretne matematike
(diferenénih enacb) in WKB teorije.
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Some new results on the adiabatic invariants in
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The theory of adiabatic invariants in nonautonomous Hamiltonian systems has a
long history and important applications in many different branches of physics, but
is rarely based on rigorous results. It is important for the understanding of the
asymptotic (long term) behaviour of dynamical systems. We shall treat the case of
the linear oscillator with its frequency being an arbitrary function of time, which
is in general a nonsolvable problem. We study the energy evolution of an initial
microcanonical ensemble of initial conditions and derive the distribution of the final
energies, which turns out to be a universal distribution, whose functional properties
do not depend on any details of the system, except for the parameters of the distri-
bution function like the first moment (the final average energy) and the variance etc.
This question is closely related to the problem of the preservation of the adiabatic
invariant. The theory is interesting also from the mathematical point of view, as it
comprises elements of the theory of dynamical systems, probability theory, discrete
mathematics (difference equations) and WKB theory.
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Limitni cikli v kubié¢nem sistemu NDE
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Predstavil bom metodo za pridobitev zgornje meje Stevila limitnih ciklov, katere
se pojavijo po malih motnjah iz singularnega centra ali fokusa. Metoda temelji
na kompleksifikaciji dvo-dimenzionalnega realnega sistema navadnih diferencialnih
enacb in na natancnem studiju ideala generiranega z fokusnimi koli¢inami sistema
na osnovi uporabe algoritmov racunske komutativne algebre.

Predstavil bom tudi primer kubicnega sistema z 12 limitnimi cikli relativno velikega
obsega.
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Limit cycles in cubic systems of ODE’s
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We present a method to obtain an upper bound for the number of limit cycles which
appear after small perturbation from a singular point of center or focus type. The
method is based on complexification of plane real system of ordinary differential
equations and the detail study of the ideal generated by the focus quantities of the
system using algorithms of computational commutative algebra.

We also give an example of a cubic system with twelve limit cycles of relatively large
size.
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Macroscopic quantum phenomena and atomic
Bose-Einstein condensates
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In the first part of the talk I shall discuss the Bose-Einstein condensation and its
implications for macroscopic quantum phenomena like superfluidity and supercon-
ductivity. In the second part I shall analyze the properties of Bose-Einstein con-
densates made of ultracold alkali-metal atoms. In particular, I shall introduce and
discuss the Gross-Pitaevskii equation, which is the main tool for an accurate descrip-
tion of static and dynamical properties of these Bose condensates under an external
confinement.
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Ali lahko spekter lastne difuzije vode razkrije
skrivnosti mokrote?
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Voda je ena od najpomembnejsih snovi na zemlji, katere lastnosti so pomembne
za mnoge fizikalne, kemicne, bioloske in geoloske procese. Zgradba in dinamika
mreze vodikovih vezi doloca edinstvene lastnosti vode. Njihovo razumevanje je Se
vedno od neresenih ugank znanosti v zadnjem stoletju. Ceprav urejenost dolgega
dosega v vodi Se nima jasne eksperimentalne potrditve, pa njeni modeli izhajajo
v glavnem iz mnozice teoreti¢nih simulaciji?. Lastnosti molekularnih interakcij so
skrite tudi v spektru avtokorelacij hitrosti molekul. Novo metodo magnetne reso-
nance z moduliranimi efektivnimi gradienti magnetnega polja®>* smo uporabili za
meritev nizkofrekvencénega dela avtokorelacijskega spektra vode. Posebnost nove
metode je neposredna meritev spektra hitrostnih korelacij z modulacijo faze spinov
na osnovi konstantnega gradienta magnetnega polja in zaporedja radiofrekvenénih
pulzov, ki tudi dolo¢a frekvenéni doseg meritev. Spektri dobljeni pri razliénih tem-
peraturah kazejo nenavadno upadanje pri nizkih frekvencah. Pojasnili smo jih s
sklopitvijo difundirajoc¢ih molekul na migotajoce privlacne centre v strukturi mreze
vodikovih vezi. Rezultati modela se lepo prilagajajo meritvam in dokazujejo, da
so meritve prva neposredna potrditev vpliva mreze vodikovih vezi na translacijsko
gibanje molekul v vodi. Oblika spektrov pa daje tudi mero urejenosti mreze pri
razlicnih temperaturah.
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Can self-diffusion spectrum of water reveal wet
secrets?
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Water is one of the most important compounds on the earth, where its properties
are essential to many physical, chemical, biological, and geological processes. The
structure and dynamics of the hydrogen-bonding network in water are what makes
water unique. Its understanding is one of the most intriguing scientific questions in
the last 100 years. Although the long-range structure of water has never been clearly
experimentally determined, its models lean mostly against the theoretical simula-
tions that have not yet comprehensive experimental conformation. As the molecular
velocity autocorrelation spectrum (VAS) hides the details of molecular interactions,
we use the novel NMR technique of modulated gradient spin echo to measure the
low frequency range of VAS of bulk water at different temperatures. The method
is unique one to allow direct measurement of spectrum in the frequency range de-
termined by the rate of spin phase modulation by using the constant magnetic field
gradient and the sequence of radiofrequency pulses. Obtained spectra show unusual
decline at low frequency that can be explained and fitted by the calculation based
on the coupling of diffusing water molecules to the flickering attractive points in the
hydrogen bond network. Thus, these results seem to be the first direct experimental
observation of the effect of hydrogen bonding to the molecular translational dynam-
ics in water, where the shapes of spectra also provide a measure of network ordering
at different temperatures.
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Magnetne lastnosti nekaterih multiferoikov
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Multiferoiki - materiali, ki kazejo tako feroelektricne kot feromagnetne lastnosti in
pogosto tudi opazno sklopitev med elektricno polarizacijo in magnetizacijo, so danes
predmet intenzivnih raziskav vsepovsod. Pricakuje se, da bomo uspeli s temi ma-
teriali povecati gostoto spominskih elementov v informacijsko - komunikacijski -
tehnologiji (ICT). Ko bo potekal zapis preko magnetnih lastnosti in branje preko
elektricnih lastnosti novega spominskega elementa, bomo imeli moznost veéje gos-
tote podatkov, saj branje s pomocjo elektricnega polja povzroci manjso energijsko
disipacijo v primeri z doslej uporabljenim tokom, oziroma magnetnim poljem.
Podal bom pregled raziskav magnetnih lastnosti nekaterih oksidnih multiferoikov,
ki smo jih izvedli v zadnjih dveh letih v Centru za magnetna merjenja (CMag) v
Ljubljani: Pb(Fe;/3Nb;/2)O3 - (PFN), 0.8Pb(Fey/2Nby/2)O3 - 0.2Pb(Mgy /oW1 /2)O3 -
(0.8PFN-0.2PMW), (0.3PFN - 0.7PMW), (PFW). Obravnavali bomo tudi material,
kjer je bil kisik nadomescen s fluorom: KsFesFy5 - (KFeF).

Multiferoi¢ni materiali so so bili tako monokristali (KFeF, PFN), polikristali (KFeF,
PFN), keramika (0.8PFN - 0.2PMW, 0.3PFN - 0.7PMW, PFW). Magnetne meritve
M(T), M(H), dc in ac magnetno susceptibilnost smo izvedli na komercialnem SQUID
magnetometru QD-MPMS-XL5, v laboratorijih na 1JS so naredili dielektricne in
Moessbauerjeve meritve.

Pri vecini raziskovanih materialov so feroelektri¢ni in feromagnetni fazni prehodi pre-
cej vsaksebi na temperaturni skali. Temu primerno so tudi sklopitve med elektricno
polarizacijo in magnetizacijo sibke, velikokrat le v drugem redu (P*M?). Dolo¢ili
smo efektivni magnetni moment in velikost magnetno urejenih skupkov. Nekateri
omenjeni materiali kazejo relaksorske lastnosti, kar smo opazili tako pri magnetnih
kot pri dielektri¢nih meritvah.
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Magnetic Properties of some Multiferroics
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Multiferroics are materials which demonstrate both, ferroelectric and ferromagnetic
properties. Often, the coupling between electric polarization and magnetization is
observed. That is the reason for intense research work on this substances supported
by the expectation to obtain with them memory elements with higher density of
information. With the magnetic field for writing and with the electric field (voltage)
for reading we expect smaller dissipation of energy and this way a possible higher
density of information.

The results of last two years magnetic research on some oxide type of multiferroics
in Ljubljana Centre for magnetic measurements (CMag) will be presented. We
studied Pb(Fel/QNbl/g)Og - (PFN), OSPb(Fel/ngl/g)Og - OQPb(Mg1/2W1/2>03 -
(0.8PFN-0.2PMW), (0.3PFN - 0.7PMW), (PFW). We shall also mention the case
where oxygen was replaced by fluorin: KzFesFq5 - (KFeF).

These materials were in a form of sigle crystals (KFeF, PFN), polycrystalline pow-
der (KFeF, PFN) and ceramics (0.8PFN - 0.2PMW, 0.3PFN - 0.7PMW, PFW).
Magnetic measurements M(T), M(H), dc and ac magnetic susceptibility were per-
formed with a commercial SQUID magnetometer QD-MPMS-XL5. Dielectric and
Moessbauer measurements were done at J. Stefan institute.

Materials which we studied have ferroelectric and ferromagnetic phase transitions at
temperatures that are quite far apart. Consequently, the coupling between electric
polarization and magnetization is expected to be weak. We observed in some cases
a second order coupling (P2M?). The effective magnetic moment and the size of
ordered magnetic clusters was determined. Some samples clearly show magnetic
relaxor properties as well as dielectric relaxor properties revealed from ac magnetic
and electric susceptibility measurements.
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Quantum communication in theory and
experiment
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Ever since its invention in the 1920s, quantum physics has given rise to countless
discussions about its meaning and about how to interpret the theory correctly. These
discussions focus on issues like the Einstein-Podolsky-Rosen paradox, quantum non-
locality the role of measurement in quantum physics. In recent years, however,
research into the very foundations of quantum mechanics has also led to a new field
- quantum information technology.

I will present some of the recent real world demonstrations of quantum communi-
cation as well as the proposals to perform experiments with entangled photons on
the International Space Station (ISS).
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Predstavila bom osnovne lastnosti tekocih kristalov, ki jih tvorijo ukrivljene molekule.
Posebnost t.i. bananskih tekoc¢ih kristalov je v tem, da molekule, ki so v osnovi neki-
ralne, tvorijo kiralne strukture. Zlom kiralne simetrije vodi do nastanka stevilnih
eno, dvo in tridimenzionalnih struktur. Bananski tekoci kristali so pomembni tako s
stalisca bazi¢nih raziskav kot tudi za aplikacije. Zaradi velike opti¢ne aniozotropije so
zanimivi za uporabo v tekocekristalnih preklopnikih, izdelujejo se ?e prvi prototipi
celic. V predavanju bom predstavila modeliranje tekocih kristalov v ograjenih in
neograjenih vzorcih ter njihovo odzivanje na zunanja polja. Teoreticne napovedi
bom povezala z eksperimentalnim delom na tem podrocju.
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Basic properties of liquid crystals made from bent-core molecules will be presented.
The astonishing property of these, so called banana liquid crystals, is formation
of chiral structures from achiral molecules. This breakdown of chiral symmetry
leads to the formation of several one, two and three-dimensional structures. Bent-
core liquid crystals are important from the basic and the applicative point of view.
Because of their large optical anisotropy they are potentially applicable for liquid
crystal displays, the first prototypes are already being tested. In the talk I will
present modelling of bent-core liquid crystals in bulk and in confined geometries
and their response to external fields. Theoretical predictions will be compared to
the experimental work in this field.

References

[1]  D. Pociecha, N. Vaupoti¢, E. Gorecka, J. Mieczkowski and K. Gomola,
J. Mater. Chem. 18 (2008) 881-885.

[2]  N. Vaupotic, M. Copi¢, E. Gorecka and D. Pociecha Phys. Rev. Lett.
98 (2007) 247802-1-247802-4.

[3] E. Gorecka, N. Vaupoti¢ and D. Pociecha Chem. Mater. 19 (2007)
3027-3031.

[4]  N. Vaupoti¢ Ferroelectrics 344 (2006) 151-159.

[5]  N. Vaupotic and M. Copi¢ Phys. Rev. E 72 (2005) 031701-1-031701-4.

[6] E. Gorecka, N. Vaupoti¢, D. Pociecha, M. Cepi¢ and J. Mieczkowski
ChemPhysChem 6 (2005) 1087-1093.

[7]  N. Vaupoti¢, V. Grubelnik and M. Copi¢ Phys. Rev. E 62 (2000)
2317-2323.

[8] N. Vaupoti¢, S. Kralj, M. Copi¢ and T. J. Sluckin Phys. Rev. E 54
(1996) 3783-3791.



Rob kaosa v mejni plasti
GREGOR VEBLE

Univerza v Novi Gorici, Vipavska c. 13, SI-5000 Nova Gorica
Pipistrel d.o.o. Ajdovscina, Goriska c. 50a, SI-5270 Ajdovscina
FMF, Univerza v Lyubljani, Jadranska 19, SI-1000 Ljubljana
CAMTP, Univerza v Mariboru, Krekova 2, SI-2000 Maribor,
Slovenija
gregor@pipistel.si @ www.pipistrel.si

Mejna plast je v dinamiki fluidov osnovnega pomena pri razumevanju upora in sep-
aracije toka od povrsine. Z mejno plastjo oznac¢imo tisti del tekocCine ob steni, v
katerem hitrost preide od hitrosti stene do hitrosti okoliske tekocine. Pri doloceni
debelini mejne plasti gibanje teko¢ine v njej preide iz urejenega, laminarnega v tur-
bulentno, kaoti¢no. Prehod ni posledica linearne nestabilnosti laminarnega toka, pac
pa poteka preko sedelne tocke. Prikazal bom numeri¢ne izra¢une mejne plasti na
meji med kaosom in urejenostjo. Relativni atraktor je v tem primeru periodi¢na or-
bita. Iz lastnosti meje je mogoce bolje razumeti prehod iz laminarnega v turbulentni
tok.
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The boundary layer is of fundamental importance in understanding drag and flow
separation in fluid dynamics. It denotes the part of the fluid near the wall where
the velocity transitions from the wall velocity to the surrounding fluid velocity. At
a certain boundary layer thickness the motion transitions from a laminar, ordered
flow to a turbulent, chaotic one. The transition is not a consequence of a linear
instability of the laminar flow, but rather occurs via a saddle-point. I will show
numerical calculations of the boundary layer flow on the edge between chaos and
order. The relative attractor turns out to be a periodic orbit. From the properties of
the edge one can better understand the transition from the laminar to the turbulent
flow.
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Bulk Metallic Glasses (BMG) are metastable solids without structural long-range
order. The first BMG (Au-Si), in micrometers dimensions, was produced by Pol
Duwez over forty years ago from eutectic liquid cooled with the rate of 106 K/s.
The application of lower cooling rates (0.1-100 K/s) enabled production of BMGs
of larger size (up to centimeters). The amorphous atomic structure of BMGs pro-
vides the origin of many technologically advantageous mechanical properties of the
material: strength two times higher than that of the stainless steel but the BMGs
are lighter, hardness - especially for surface coatings, toughness - more fracture re-
sistant than ceramics, elasticity - high yield strength, and low electrical and thermal
conductivity. BMGs are corrosion-resistant materials, too. The superior mechani-
cal, electrical and thermal properties of the BMGs are largely a consequence of the
unordered structure with various bonding lengths and nonperiodic positions of the
atoms.

The application of BMGs is very broad, ranging from military and aerospace ma-
terials to medical applications (knee-replacement devices), consumer electronics
(rolling-up laptops) and sporting goods (tennis rackets). The BMGs can be used as
hydrogen-storage materials, too. The hydrogen can be stored in the micro-cracks
and voids in the material, and the hydrogen atomic diffusion may be observed us-
ing Nuclear Magnetic Resonance (NMR) technique. The influence of the hydrogen
content on the hydrogen diffusion in the Zr-based metallic glasses will be discussed
in particular.
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Optical microcavities are important for a wide range of research areas and applica-
tions [1], such as ultra-low threshold lasers and single-photon sources. In the non-
linear dynamics and quantum chaos community microdisk cavities with deformed
cross-sectional shape attracted considerable attention since they can be used to
study the ray-wave correspondence in open systems in direct comparison to experi-
ments [2,3]. In this talk we discuss two aspects: (i) avoided resonance crossings [4,5]
and (ii) the influence of the chaotic repeller on the far-field emission pattern [6].
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Predstavljeni bodo primeri uporabe georadarja za detekcijo skritih predmetov. Se
posebej bodo izpostavljeni nekateri inovativni pristopi za prepoznavanje detekti-
ranih predmetov, in sicer na podlagi Kirchhoffove migracije ter nevronskih mrez.
Prikazanih bo nekaj primerov detekcije razli’nih predmetov z georadarjem.
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Some applications of Georadar for the detection of hidden objects shall be discussed.
Innovative approaches for the recognition of the detected objects based on Kirchhoff
migration and neural networks will be presented. Some examples of the detection
of hidden objects with Georadar will be shown.
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