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Preface

ComputationalPhysicsis todaywell-establishedasthethird branchof physicsin additionto experiment
andtheory. Researchinvestigationsrangefrom smallcomputerexperimentsonlaptopsto extendedsimu-
lationswhichcanonly beperformedby high-endsupercomputers.Applicationsarefoundin almostevery
areaof modernphysics.

TheConferenceonComputationalPhysics2001(CCP2001)is alreadythe13thin aninternationalseries
of conferenceswhich hasservedasa lively forum for computationalphysicistsfrom aroundtheworld.
The previous conferenceswere held in Boston(1989), Amsterdam(1990), SanJose(1991), Prague
(1992), Albuquerque(1993), Lugano(1994), Pittsburgh (1995), Cracow (1996), SantaCruz (1997),
Granada(1998),Atlanta(1999),andBrisbane(2000).TheCCPseriesis heldjointly undertheauspices
of the Commissionon ComputationalPhysics(C20) of the InternationalUnion of PureandApplied
Physics(IUPAP), theComputationalPhysicsGroupof theEuropeanPhysicalSociety(EPS),andtheDi-
vision of ComputationalPhysicsof theAmericanPhysicalSociety(APS).Since1997,theconferences
havebeenpartof theCCPserieswhichsucceededtheEPS-APSJointConferences”PhysicsComputing”
(PC)organizedannuallysince1989.

CCP2001is organizedby the Johnvon NeumannInstitutefor Computing(NIC), which wasfounded
jointly by ForschungszentrumJülich andDeutschesElektronen-SynchrotronDESY in orderto support
supercomputer-aidedscienti£cresearchanddevelopmentin Germany. Itsmajorobjectivesarethenation-
wide provision of supercomputercapacityfor researchprojectsin the£eldsof modelingandcomputer
simulation,thesupercomputer-oriented researchanddevelopmentin selected£eldsof physicsandother
naturalsciencesby researchgroupsin supercomputingapplications,andeducationandtraining in sci-
enti£ccomputingby organizingconferences,workshops,schoolsandcourses.The latter objective in
particularmotivatedtheNIC’s applicationto theComputationalPhysicsGroupof EPSto organizethis
year’s Conferenceon ComputationalPhysics.

TheCCPseriescoversall £eldsof computationalphysics,this yearsummarizedby themotto

ComputationalModelingandSimulationof Complex Systems

Thefollowing topicsaretreatedin 16invitedplenarypresentations,48invitedtalks,72oralcontributions
andnearly300posters:

– MaterialsScience
(ElectronicStructure,Ab-Initio MolecularDynamics,Nanostructures,etc.)

– SoftMatter(Polymers,Membranes,Proteins,etc.)
– CommonThemesin ComputationalStatisticalPhysicsandLatticeGaugeTheory
– ParticleBeamsandAcceleratorPhysics
– Astrophysics
– TurbulenceandReactive Flows
– InterdisciplinaryApplications(Econophysics,Traf£cFlow, etc.)
– Frontiersin LargeScaleComputing
– MethodologicalDevelopmentsin ComputerSimulation

The programmewas compiledby the Local ProgrammeCommittee,which selectedthe plenaryand
invited speakersfrom suggestionsgivenby theInternationalAdvisory Committee,andorganizeda ref-
ereeingprocessfor thesubmittedoral andpostercontributions.We wish to heartily thankall members
of thesevariouscommitteesfor their invaluablehelp.

Many organizationsandindividualshave contributedsigni£cantlyto thesuccessof theconference.We
aregratefulfor thegenerous£nancialsupportprovidedby DeutscheForschungsgemeinschaft (DFG)and
theFederalMinistry for EducationandResearch(BMBF), by theDeutschePhysikalischeGesellschaft
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(DPG) and the Wilhelm und Else Heraeus-Stiftung,by the InternationalUnion of Pureand Applied
Physics(IUPAP), theEuropeanPhysicalSociety(EPS)andits East-WestTaskForce(EWTF), andlast
but not leastby theForschungszentrumJülich. TheAmericanPhysicalSociety(APS)formally endorsed
theconference.

The £nancialsupportof Wilhelm und ElseHeraeus-Stiftung,BMBF, IUPAP, andForschungszentrum
Jülich enabledusto givemorethan70 travel grantsto conferenceattendeesfrom developingandformer
east-blockcountries.This allowedtheconferencecontinuethetraditionof theCCPseriesto bea place
of intenseexchangeof scienti£cideasandresultsbetweenEastandWest,North andSouth.

Specialthanksaredue to Cray Inc. and the Vereinder Freundeund Fördererder KFA for additional
support.

For their mostvaluablehelp with the local arrangementswe aregreatlyindebtedto the Local Organi-
zationCommitteeof theForschungszentrumJülich who performedthelion’s shareof thework, namely
RüdigerEsser, BernhardKrahl-Urban,ManfredKremer, andJörg Striegnitz, andlast but not leastthe
conferencesecretariesElkeBielitza,ErikaWittig, andYasminAbdel-Fattah.Furthermore,weappreciate
thework of Karolin LaukampandPetraThelenfrom theAachenTouristService,whoprocessedthereg-
istrationandaccomodationrequests.Specialthanksgoto AnkeHämingfor hercommitmentconcerning
thecompositionandrealizationof this Bookof Abstracts.

Jülich, September2001

FriedelHossfeld Kurt Binder NorbertAttig
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Wednesday, 5 September2001

8:45- Registration (continued)andMountingof Posters

Plenary Sessions LectureHall Brüssel

8:45- 9:00 Opening

9:00- 10:30 Session1: Plenary SessionI

9:00 D. Frenkel; FOM-Institutefor Atomic andMolecularPhysics,Amsterdam,
TheNetherlands

P 1 Simulating crystal nucleation rates
9:45 M. Klein; Universityof Pennsylvania,Philadelphia,USA
P 2 Computer simulations studiesof biomoleculesat soft interfaces

10:30- 11:00 CoffeeBreak

11:00- 11:45 Session2: Plenary SessionII

11:00 J.Yeomans;Universityof Oxford,U.K.
P 3 Simulations of liquid crystal hydrodynamics

11:45 F. Esquembre;Universityof Murcia,Spain
P 4 Computers in physicseducation

12:30- 14:00 LunchBreak

Parallel Sessions LectureHall Brüssel,RoomsK3 – K5

14:00- 16:00 ParallelSessions3,5,7,9

16:00- 16:30 CoffeeBreak

16:30- 18:30 ParallelSessions4,6,8,10

PosterSessionA RoomsK1 / K2

18:30- 20:00 PosterSessionA andReception
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Wednesday, 5 September2001

Sessions3 and 4 LectureHall Brüssel

14:00- 16:00 Session3: Material Science:Many-Body Quantum Mechanics
and Methodical Developments

14:00 K. Schwarz;TechnicalUniversityof Vienna,Austria
I 1 Electronic structure calculations of solids using the WIEN2k packagefor materials

science
14:30 K. Hukushima;Universityof Tokyo, Kashiwa,Japan

I 2 ExtendedensembleMonte Carlo approachto hardly-r elaxing problems
15:00 M.H. MüserandF. Krajewski; Universityof Mainz,Germany

O 1 On newef£cientalgorithms for PIMC and PIMD
15:20 T. SakaiandY. Takahashi

�
; Tokyo MetropolitanInstituteof Technology, Japan,

�
Himeji

Instituteof Technology, Hyogo,Japan
O 2 Finite-temperature Lanczosalgorithm study on pseudogapin high-T �

superconductors
15:40 P.H. Borcherds;Universityof Birmingham,U.K.

O 3 A computational study of someJosephsonjunction circuits

16:00 Coffeebreak

16:30- 18:30 Session4: Materials Science:Structur eand Magnetism

16:30 K. Kaski;Helsinki Universityof Technology, Espoo,Finland
I 3 Computational studiesof carbon nanotubestructures

17:00 A.P. Lyubartsev; StockholmUniversity, Sweden
I 4 InverseMonte Carlo method and its application to computeeffective potentials

17:30 G. Bihlmayer, Ph.Kurzet al.; ForschungszentrumJülich, Germany
O 4 Ab-initio prediction of complexmagneticstructuresin low dimensions

17:50 V.S. Stepanyuk
��� �

, D.I. Bazhanov
��� �

et al.;
�
Max-Planck-Institutfür Mikrostrukturphysik,

Halle, Germany,
�
University of Halle-Wittenberg, Germany,

�
Moscow StateUniversity,

Russia
O 5 Quasi-ab initio molecular dynamics simulations of atomic scalestructures on metal

surfaces
18:10 S.-H.Tsai,A. Bunker, D.P. Landau;Universityof Georgia,Athens,USA

O 6 Dynamic critical behavior of the classicalanisotropic BCC Heisenberg
antiferr omagnet
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Wednesday, 5 September2001

Sessions5 and 6 RoomK3

14:00- 16:00 Session5: Soft Matter: Polymers; Colloids

14:00 F. Schmid;Universityof Bielefeld,Germany
I 5 Surfaceanchoring on liquid crystalline polymer brushes

14:30 B. Jönsson;Universityof Lund,Sweden
I 6 Ion-ion correlationsin chargedcolloidal systems

15:00 R. Messina,Ch. Holm, K. Kremer; Max-Planck-Institutefor PolymerResearch,Mainz,
Germany

O 7 Strongelectrostatic interactions in colloidal systems
15:20 C. Micheletti,A. Maritanet al.; InternationalSchoolfor AdvancedStudies,Trieste,Italy

O 8 Optimal shapesof compactstrings
15:40 Ch.Seidel;Max-Planck-Institutfür Kolloid- undGrenz¤̈achenforschung,Golm,Germany

O 9 Molecular dynamicsstudy of polyelectrolyte brushes

16:00 Coffeebreak

16:30- 18:30 Session6: Soft Matter: Wetting Phenomena;Polymers

16:30 S.Puri; JawaharlalNehruUniversity, New Dehli, India
I 7 Kinetics of wetting and phaseseparationat surfaces

17:00 M. Müller; Universityof Mainz,Germany
I 8 Inter play betweenwetting and miscibility in thin binary polymer £lms

17:30 A.V. Lyulin andM.A.J. Michels;EindhovenUniversityof TechnologyandDutchPolymer
Institute,TheNetherlands

O 10 Lar ge-scalecomputer simulation of local segmentaldynamics in amorphous atactic
polystyrene

17:50 A. Milchev
��� �

and K. Binder
�
;

�
Bulgarian Academy of Sciences,So£a, Bulgaria,�

Universityof Mainz,Germany
O 11 Dynamicsof droplet spreading
18:10 A.A. Rzepiela;WageningenUniversity, TheNetherlands
O 12 Lar gesheardeformation of particle gelsstudied by Brownian dynamicssimulations
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Wednesday, 5 September2001

Sessions7 and 8 RoomK4

14:00- 16:00 Session7: CommonThemesin Computational Statistical Physicsand
Lattice GaugeTheory I

14:00 W. Janke; Universityof Leipzig,Germany
I 9 Numerical testsof CFT conjecturesfor 3D systems

14:30 U.-J.Wiese;Universityof Bern,Switzerland
I 10 Meron-cluster solution of fermion and other signproblems

15:00 A. Krug
��� �

andA. Buchleitner
�
;
�
Max-Planck-Institutefor PhysicsandComplex Systems,

Dresden,Germany,
�
Max-Planck-Institutefor QuantumOptics,Garching,Germany

O 13 Chaotic ionization of non-classicalalkali Rydberg states – Computational physics
beatsexperiment

15:20 Ch. GattringerandC.B. Lang
�
; Universityof Regensburg, Germany,

�
Universityof Graz,

Austria
O 14 Impr oving the Dirac operator in lattice QCD
15:40 S.H.Meyer;Universityof Kaiserslautern,Germany
O 15 Universal ¤uctuationsof Dirac spectrain QCD

16:00 Coffeebreak

16:30- 18:30 Session8: CommonThemesin Computational Statistical Physicsand
Lattice GaugeTheory II

16:30 P.M.C. deOliveira;UniversidadeFederalFluminense,Niteroi RJ,Brasil
I 11 A simpledynamicsfor broadhistogram method

17:00 N. Hatano;AoyamaGakuinUniversity, Tokyo, Japan
I 12 Double degeneracyin the ground stateof the 3D

�
J spin glass

17:30 M. Henkel
�

andM. Pleimling
��� �

;
�
University of Nancy, France,

�
University of Erlangen-

Nürnberg, Germany
O 16 Anisotropic scalingand generalizedconformal invariance at Lifshitz points
17:50 G. MünsterandCh.Kamp;Universityof Münster, Germany
O 17 Distribution of instanton sizesin a simpli£ed instanton gasmodel
18:10 J. Hove, S. Mo andA. Sudbø;Norwegian University of ScienceandTechnology, Trond-

heim,Norway
O 18 The fractal dimensionof the critical ¤uctuationsin Abelian gaugetheories
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Wednesday, 5 September2001

Sessions9 and 10 RoomK5

14:00- 16:00 Session9: Methodical Aspectsof Monte Carlo and
Molecular DynamicsSimulations

14:00 M.A. Novotny; FloridaStateUniversity, Tallahassee,USA
I 13 Magnetization reversal using novel newevent-driven Monte Carlo algorithms

14:30 J.Adler; Technion- IsraelInstituteof Technology, Haifa, Israel
I 14 Visualization of MD and MC simulations for atomistic modeling

15:00 G. Wagner
��� �

, E.G. Flekkøy
��� �

et al.;
�
TechnionInstitute of Technology, Haifa, Israel,�

Fractonas,Oslo,Norway,
�
Universityof Oslo,Norway

O 19 Coupling molecular dynamicsand continuum dynamics
15:20 D.P. LandauandF. Wang;Universityof Georgia,Athens,USA
O 20 Determining the density of statesfor classicalstatistical models:A random walk

algorithm to producea ¤at histogram
15:40 J.Houdayer;Universityof Mainz,Germany
O 21 A cluster Monte Carlo algorithm for 2-dimensionalspin glasses

16:00 Coffeebreak

16:30- 18:10 Session10: Methodical Developmentsin High Energy and
PlasmaPhysicsSimulations

16:30 G.E.Norman;Moscow StateUniversity, Russia
I 15 Stochasticand dynamic properties of MD systems:Simple liquids, plasma and elec-

tr olytes,polymers,etc.
17:00 D. Perret-Gallix;LAPP, Annecy-le-Vieux,France

I 16 Simulation and event generationin high-energy physics
17:30 A.N. Fedorova andM.G. Zeitlin; RussianAcademyof Sciences,St.Petersburg, Russia
O 22 Pattern formation and coherent structures in collective models fr om accelerator

physics
17:50 C. HeerleinandC. Toepffer; Universityof Erlangen,Germany
O 23 Vlasov Poissonsolver for densityenhancementnear ionsat restin magnetizedelectron

plasmas
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Thursday, 6 September2001

Plenary Sessions LectureHall Brüssel

9:00- 11:15 Session11: Plenary SessionIII

9:00 D.M. Ceperley; Universityof Illinois, Urbana,USA
P 5 Methods for coupledquantum-classicalMonte Carlo

9:45 M. Schef¤er;Fritz-Haber-Institut derMax-Planck-Gesellschaft,Berlin, Germany
P 6 Predictive modeling of materials by ab initio thermodynamicsand statistical

mechanics
10:30 D. Sornette;Universityof California,LosAngeles,USA andUniversityof Nice,France

P 7 Pushingthe limits: extremesand crashesin £nanceand economics

11:15 Coffeebreak

11:45- 12:30 Session12: Plenary SessionIV

11:45 M. Marechal;CECAM, Lyon,France
Berni J. Alder CECAM Prize Ceremony

12:00 K. Binder;Universityof Mainz,Germany (BerniJ.Alder CECAM PrizeAwardee2001)
P 8 Simulations of phasetransitions in macromolecular systems

12:30- 14:00 LunchBreak

Parallel Sessions LectureHall Brüssel,RoomsK3 – K5

14:00- 16:00 ParallelSessions13,15,17,19

16:00- 16:30 CoffeeBreak

16:30- 18:30 ParallelSessions14,16,18,20

19:00 OrganRecitalAachen Cathedral

20:30 ConferenceDinnerCoronationHall in theAachen Town Hall
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Thursday, 6 September2001

Sessions13 and 14 LectureHall Brüssel

14:00- 16:00 Session13: Materials and SurfaceScience

14:00 M. Pleimling;Universityof Erlangen-N̈urnberg, Germany
I 17 Phasetransitions at surfaces,edges,and corners

14:30 A. Alavi; Universityof Cambridge,U.K.
I 18 Ab-initio surfaceenergy calculationsand the oxidation of NiAl(110): Can we predict

growth modesof the oxide layer?
15:00 M. Ahr andM. Biehl; Universityof Würzburg, Germany
O 25 Modelling (001)surfacesof II-VI semiconductors
15:20 Ph. Sonnet

�
and P.C. Kelires

��� �
;

�
Foundation for Researchand Technology - Hellas

(FORTH), Heraclion,Crete,Greece,
�
Universityof Crete,Heraclion,Crete,Greece

O 26 Monte Carlo simulationsof Gequantum dotson Si(100):Stress£eldsand intermixing
15:40 L. Brendel

�
, B. Hinnemann

��� �
etal.;

�
Universityof Duisburg, Germany,

�
TechnicalUniver-

sity of Denmark,Lyngby, Denmark
O 27 Different typesof scalingin epitaxial growth

16:00 Coffeebreak

16:30- 18:30 Session14: Nonequilibrium Transitions and RelatedTopicsin
Materials Science

16:30 J.Marro;Universityof Granada,Spain
I 19 Modeling nonequilibrium phasetransitions and critical behavior in complexsystems

17:00 B.K. Chakrabarti;SahaInstituteof NuclearPhysics,Calcutta,India
I 20 Dynamic transitions in pure Ising magnetsunder pulsedand oscillating £elds

17:30 K. KadauandP. Entel;Universityof Duisburg, Germany
O 28 Molecular dynamics study of martensitic transformations in sintered Fe-Ni nano-

particles
17:50 M.-H. Tsai;NationalSunYat-senUniversity, Kaohsiung,Taiwan
O 30 First-principles molecular-dynamicssimulationsof the sticking of Ga and N gas-phase

atomson wurtzite GaN surfaces
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Thursday, 6 September2001

Sessions15 and 16 RoomK3

14:00- 16:10 Session15: Soft Matter: Biological Systems,Polymers

14:00 A. Hansen;Universityof Trondheim,Norway
I 21 Thermodynamicsof proteins:Fast foldersversustight transitions

14:30 H. Grubm̈uller; Max-Planck-Institutfür biophysikalischeChemie,Göttingen,Germany
I 22 Protein dynamicssimulations: Grasping molecular nano-machines

15:00 O.G.Mouritsen;TechnicalUniversityof Denmark,Lyngby, Denmark
I 23 Nano-scalestructurein membranesin relation to enzymeaction - computersimulation

vsexperiment
15:30 Ch.Holm andH.-J.Limbach;Max-Planck-Institutefor PolymerResearch,Mainz,Germany
O 31 How pearl-necklacesunwind
15:50 V.A. Ivanov, P.G. Khalatur

�
, andA.R. Khoklov; Moscow StateUniversity, Russia,

�
Tver

StateUniversity, Russia
O 32 Sequencedesignof AB-copolymers:Conformation-dependentscheme

16:10 Coffeebreak

17:00- 18:30 Session16: More on Soft Matter; Electronic Structur e

17:00 R.O.JonesandP. Ballone
�
; ForschungszentrumJülich, Germany,

�
Universityof Messina,

Italy
I 24 Equilibrium polymerization of polycarbonates

17:30 J.-W. van der Horst, P.A. Bobbertet al.; COBRA ResearchSchooland Dutch Polymer
Institute,Eindhoven,TheNetherlands

O 34 Excitons in conjugatedpolymers fr om £rst principles
17:50 A. Canning,W. Mannstadt

�
, A.J. Freeman

�	�
; NERSC,LawrenceBerkeley NationalLab-

oratory, Berkeley, USA,
�
University of Marburg, Germany,

�
�
NorthwesternUniversity,

Evanston,USA
O 35 The all electron FLAPW method and its implementation on massively parallel com-

puters
18:10 W. Mannstadt,A. Canning

�
, and A.J. Freeman

���
; University of Marburg, Germany,�

NERSC,LawrenceBerkeley NationalLaboratory, Berkeley, USA,
�
�

NorthwesternUni-
versity, Evanston,USA

O 36 Application of the newly developedparallel FLAPW method to complexmaterials
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Thursday, 6 September2001

Sessions17 and 18 RoomK4

14:00- 16:00 Session17: Quantum Physics

14:00 R.N. Bhatt;PrincetonUniversity, New Jersey, USA
I 25 Numerical simulations of random spin (and fermionic) modelswith wide distribution

of energy scales
14:30 A. Muramatsu;Universityof Stuttgart,Germany

I 26 Simulation of in£nitely strongly interacting fermions from oneto two dimensions
15:00 K.A. Gernoth;Universityof Manchester, U.K.
O 37 Monte Carlo calculationsof the microstructure of solidsand liquids
15:20 Y. Li, T.-S. Chao

�
, and S.M. Sze; National Chiao Tung University, Hsinchu, Taiwan,�

NationalNanoDeviceLaboratories,Hsinchu,Taiwan
O 38 A domain partition approach to parallel adaptive simulation of dynamic thr eshold

voltageMOSFET
15:40 Yu.I. Prylutskyy andM.V. Makarets;Kiev NationalShevchenko University, Ukraine
O 39 Computer simulation of radiation effecton the electronic propertiesof carbon

nanotubes

16:00 Coffeebreak

16:00- 18:30 Session18: Methodical Developmentsin Simulations

16:30 E. Marinari;Universityof Rome,Italy
I 27 Dynamical propertiesof ”sequencealignment”: Aging and more

17:00 H. Rieger;Universityof Saarbr̈ucken,Germany
I 28 Application of exact combinatorial optimization algorithms to the physics of disor-

dered systems
17:30 D. SebastianiandM. Parrinello

�
; Max-Planck-Institutefor PolymerResearch,Mainz,Ger-

many,
�
ETH ZürichandSwissCenterfor Scienti£cComputing,Manno,Switzerland

O 40 A newab-initio approachfor the calculation of NMR chemicalshifts in periodic
systems

17:50 G.P. Trabado,O. Plata,E.L. Zapata;Universityof Málaga,Spain
O 41 On the parallelization of molecular dynamicscodes
18:10 P.N. Vorontsov-Velyaminov andA.P. Lyubartsev

�
; St. Petersburg StateUniversity, Russia,�

Universityof Stockholm,Sweden
O 42 ExpandedensembleMonte Carlo method for fr eeenergy calculations
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Thursday, 6 September2001

Sessions19 and 20 RoomK5

14:00- 16:00 Session19: Lattice Boltzmann Methodsand Fluid Dynamics

14:00 B. Chopard;Universityof Geneva,Switzerland
I 29 Lattice Boltzmann models:an ef£cientand simpleapproachto complex¤ow problems

14:30 S.Succi;C.N.R.,Rome,Italy
I 30 Computational multiph ysicswith the lattice Boltzmann method

15:00 W. Rehm,W. Jahnet al.; ForschungszentrumJülich, Germany
O 43 CFD simulationsof turb ulent reactive ¤ows with supercomputing for hydrogensafety
15:20 D.C.Kim; TechnicalDesignInstituteof Applied Microelectronics,Novosibirsk,Russia
O 44 A nonlinear wave dynamical model for two-phase¤ows and its numerical solutions
15:40 T. Gotoh;Nagoya Instituteof Technology, Japan
O 45 Small scalestatisticsof turb ulenceat high Reynoldsnumbersby massive computation

16:00 Coffeebreak

16:00- 18:30 Session20: Applications of Computational Physicsto
Engineering,Traf£c Flow, and EconomicScience

16:30 W.P. Jones;ImperialCollege,London,U.K.
I 31 Lar geeddysimulation of turb ulent combustion processes

17:00 K. Nagel;ETH Zürich,Switzerland
I 32 Lar gescaletransportation simulations

17:30 A. Chakraborti,S. Pradhan,B.K. Chakrabarti;SahaInstituteof NuclearPhysics,Calcutta,
India

O 46 Study of the distribution functions in minimal modelmarket
17:50 R. Kutner;Universityof Warsaw, Poland
O 47 Ar ehierarchical Weierstrasswalks presenton a stock market?
18:10 R. WangandH.J.Ruskin;Dublin City University, Ireland
O 48 Modelling traf£c ¤ow for a single-laneurban roundabout
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Friday, 7 September2001

Plenary Sessions LectureHall Brüssel

9:00- 10:30 Session21: Plenary SessionV

9:00 H.D. Simon; NERSC,LawrenceBerkeley National Laboratory, Berkeley, California,
USA

P 9 Futur edir ectionsin scienti£csupercomputing for computational physics
9:45 C.S.Frenk;Universityof Durham,U.K.
P 10 Cosmicarchitecture: Simulating the origin structure of the Universe

10:30 Coffeebreak

11:00- 12:30 Session22: Plenary SessionVI

11:00 G. Wittum; IWR Heidelberg, Germany
P 11 Parallel adaptive simulation of largescalesystemson unstructur ed grids

11:45 M. Newman;SantaFeInstitute,New Mexico, USA
P 12 The structure and function of networks

12:30 Lunchbreak

Parallel Sessions LectureHall Brüssel,RoomsK3 – K5

14:00- 16:00 ParallelSessions23,25,27,29

16:00- 16:30 CoffeeBreak

16:30- 18:30 ParallelSessions24,26,28,30

PosterSessionB RoomsK1 / K2

18:30- 20:00 PosterSessionB
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Friday, 7 September2001

Session23 and 24 LectureHall Brüssel

14:00- 16:00 Session23: Materials Science:Granular Matter and Friction

14:00 S.Luding; Universityof Stuttgart,Germany
I 33 From microscopicsimulations to macroscopicbehaviour

14:30 J.Kertesz;BudapestUniversityof Technology, Hungary
I 34 Simulation of shearprocessesin granular systems

15:00 V.Ya. Rudyak,A.A. Belkin, G.V. Kharlamov; NovosibirskStateUniversity of Civil Engi-
neering,Russia

O 49 Molecular dynamicssimulation of the nanoparticlestransfer in gasesand liquids
15:20 D.C. Rapaport;Bar-Ilan University, Ramat-Gan,Israel
O 50 The wonderful world of granular ratchets
15:40 C. Jun

��� �
and J.-S. Wang

�
;

�
National University of Singapore,Republic of Singapore,�

Beijing NormalUniversity, Beijing, China
O 51 Friction betweenSi tip and (001)-2x 1 surface:a molecular dynamicssimulation

16:00 Coffeebreak

16:30- 18:10 Session24: Materials Science:PhaseTransitions and
Multiscale Aspects

16:30 N.B. Wilding; Universityof Liverpool,U.K.
I 35 Wetting of a symmetrical binary ¤uid mixtur e on a wall

17:00 W. Kob;Universityof MontpellierII, France
I 36 Parallel tempering algorithm to equilibrate glassysystems

17:30 C. Brangian,W. Kob
�
, K. Binder;Universityof Mainz,Germany,

�
Universityof Montpel-

lier II, France
O 52 A numerical study of the 10 statesPotts glass
17:50 J. Jakumeit;GMD - GermanNationalResearchCenterfor InformationTechnology, Sankt

Augustin,Germany
O 53 Simulation of electron-electron scattering in semiconductordevicesby the local itera-

tive Monte Carlo technique
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Friday, 7 September2001

Session25and 26 RoomK3

14:00- 16:00 Session25: Statistical Propertiesof Turbulent Flows

14:00 B. Eckhardt;Universityof Marburg, Germany
I 37 Turbulencein dilute polymer solutions: A phasediagram

14:30 M.H. Jensen;NielsBohr Institute,Copenhagen,Denmark
I 38 Intermittency and multiscaling in turb ulence

15:00 W.-Ch.Müller, B. Knaeppenetal.; Euratom-BelgianStateAssociation,Universit́eLibre de
Bruxelles,Belgium

O 55 Dynamic subgrid-modeling in large-eddysimulations of magnetohydrodynamic tur -
bulence

15:20 Z.A. Walenta,A. Kucaba-Pietal
�
, andZ. Peradzynski

���
; PolishAcademyof Sciences,War-

saw, Poland,
�
Universityof Technology, Rzeszow, Poland,

�
�
Universityof Warsaw, Poland

O 56 Fluid ¤ows in narrow channels
15:40 W. Alda,W. Dzwinel,andJ.Kitowski; Instituteof ComputerScienceAGH,Cracow, Poland
O 57 Simulation of ¤uid ¤ow in the presenceof particles

16:00 Coffeebreak

16:30- 18:10 Session26: Frontiers in High Energy PhysicsComputing

16:30 I. Augustin;CERN,Geneva,Switzerland
I 39 The DataGrid astool for global high energy physicscomputing

17:00 K. Jansen,N. Paschedaget al.; Johnvon NeumannInstitute for Computing(NIC) and
DeutschesElektronen-Synchrotron(DESY),Zeuthen,Germany

O 58 APE – T¤opscomputersfor theoretical particle physics
17:30 R. Tripiccione;INFN, Pisa,Italy

I 40 Dedicatedcomputing for lattice gaugetheories:The APE(s)projects
17:50 G. Allen

�
, W. Benger

��� �
et al.;

�
Max-Planck-Institutfür Gravitationsphysik,Golm, Ger-

many,
�
Konrad-Zuse-Zentrumfür Informationstechnik(ZIB), Berlin, Germany

O 59 Lar gescale& grid computing with Cactus
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Friday, 7 September2001

Session27 and 28 RoomK4

14:00- 16:00 Session27: Applications of Computational Physicsto Economy
and SocialScience

14:00 A.Z. Maksymowicz; Universityof Mining andMetallurgy, Cracow, Poland
I 41 Simulation of population growth and structure of the population

14:30 M. Ausloos;Universityof Li Áege,Belgium
I 42 Multi-fractal natureof stock exchange

15:00 B. Tadic;J.StefanInstitute,Ljubljana,Slovenia
O 61 Growth & structure of the world-wide web: Towards realistic modeling
15:20 A.T. Bernardes;UniversidadeFederaldeOuroPreto,Brazil
O 62 A model for proportional voting process
15:40 C.V. Sheth;Universityof Zambia,Lusaka,Zambia
O 63 Computational physicsprogrammein research and teaching– An African experience

16:00 Coffeebreak

16:30- 18:30 Session28: ComplexSystems

16:30 L.N. Shchur;LandauInstitutefor TheoreticalPhysics,Chernogolovka, Russia
I 43 On the distribution function of the information speedin computer network

17:00 A.-L. Bárabasi;Universityof NotreDame,Indiana,USA
I 44 Emergenceof scalingin complexnetworks: From the topologyof the www to thestruc-

tur e of the cell
17:30 H.A. Knudsen,A. Hansen;Universityof Trondheim,Norway
O 64 Steadystatetwo-phasebulk ¤ow in 2D porousmediaby network models
17:50 H. Arkin, F. Yaçaret al.; HacettepeUniversity, Ankara,Turkey
O 65 Multicanonical simulationsof somepeptides
18:10 U.H.E.Hansmann;MichiganTechnologicalUniversity, Houghton,USA
O 66 New algorithms and the statistical physicsof protein folding
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Friday, 7 September2001

Session29and 30 RoomK5

14:00- 16:00 Session29: Cosmology

14:00 B. Leibundgut;ESOGarching,Germany
I 45 Cosmologicalimplications from observations of type Ia supernovae

14:30 R. Engel;BartolResearchInstitute,Universityof Delaware,Newark,USA
I 46 Simulation of hadronic particle production in astrophysical environments

15:00 S.Moiseenko, N.V. Ardeljan
�
, G.S.Bisnovatyi-Kogan;SpaceResearchInstitute,Moscow,

Russia;
�
Moscow StateUniversity, Russia

O 67 Magnetorotational supernova explosion. Simulation Lagrangian implicit numercial
methodon triangular grid with grid reconstruction

15:20 D. Ryu, H. Kang
�
, and P. Biermann

���
; ChungnamNational University, Daejeon,Korea,�

PusanNationalUniversity, Korea,
���

Max-Planck-Institutefor Radioastronomy, Bonn,Ger-
many

O 68 The effectsof cosmicrays on the largescalestructure formation in the Universe
15:40 V. Antonuccio-Delogu,U. Beccianiet al.; OsservatorioAstro£sicodi Catania,Italy
O 69 Performing and analysingcosmologicalsimulationswith FLY and AstroMD

16:00 Coffeebreak

16:30- 18:30 Session30: High Energy Physicsand Magnetic Fields

16:30 Th. Lippert; Universityof Wuppertal,Germany
I 47 Computional particle physicswith the cluster computer ALiCE

17:00 A. Brandenburg; Nordita,Copenhagen,Denmark
I 48 Hydr omagneticturb ulencein computer simulations

17:30 T.W. Jones,I.L.Tregillis, and D. Ryu
�
; University of Minnesota,Minneapolis, USA,�

ChungnamNationalUniversity, Daejeon,Korea
O 70 Computation of relativistic electron acceleration,transport and emissionsin complex

astrophysical ¤ows
17:50 E.E.Antonov, I.L. Buylova et al.; Moscow StateUniversity, Russia
O 71 Estimatesof arri val dir ectionsof giant air showers
18:10 E.E.Antonov, L.G. Dedenko etal.; Moscow StateUniversity, Russia
O 72 Estimation of the attenuation length of the chargedparticle densityat 600metresfr om

the shower axis
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Saturday, 8 September2001

Plenary Sessions LectureHall Brüssel

9:00- 10:30 Session31: Plenary SessionVII

9:00 H. Satz;Universityof Bielefeld,Germany
P 13 Cluster percolation and thermal critical behaviour
9:45 B.A. Berg; FloridaStateUniversity, Tallahassee,USA
P 14 Generalizedensemblesimulationsof complexsystems

10:30 Coffeebreak

11:00- 12:30 Session32: Plenary SessionVIII

11:00 H. Blöte;Delft Universityof Technology, TheNetherlands
P 15 Cluster Monte Carlo: Extending the range

11:45 P. Grassberger;Johnvon NeumannInstitutefor Computing(NIC), Jülich, Germany
P 16 Go-with-the-winners simulations

12:30 Closing

12:45 Endof Conference
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CONTENTS

I Invited Plenary Contrib utions
P1 Simulatingcrystalnucleationrates

Frenkel, D.

P2 Computersimulationof biomoleculesatsoft interfaces
Klein, M. L.

P3 Modelling liquid crystalhydrodynamics
Yeomans,J.

P4 Computersin physicseducation
Esquembre, F.

P5 Methodsfor coupledquantum-classicalMonteCarlo
Ceperley, D. M., Dewing, M.

P6 Predictivemodelingof materialsby abinitio thermodynamicsandstatisticalmechanics
Schef¤er, M.
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Sornette, D.
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II Invited Contrib utions

I1 Electronicstructurecalculationsof solids using the WIEN2k packagefor materials
science
Schwarz,K.

I2 ExtendedensembleMonteCarloapproachto hardly-relaxingproblems
Hukushima,K., Iba, Y.

I3 Computationalstudiesof carbonnanotubestructures
Huhtala,M., Kuronen,A., Kaski,K.

I4 InverseMonteCarlomethodandits applicationto computeeffective potentials
Lyubartsev, A. P.

I5 Surfaceanchoringon liquid crystallinepolymerbrushes
Lange, H., Schmid,F.

I6 Ion-ion correlationsin chargedcolloidal systems
Jönsson,Bo

I7 Kineticsof wettingatsurfaces
Puri, S.

I8 Interplaybetweenwettingandmiscibility in thin binarypolymer£lms
Müller, M.

I9 Numericaltestsof CFT conjecturesfor 3D systems
Janke, W., Weigel, M.

I10 Meron-clustersolutionof fermionandothersignproblems
Wiese, U.

I11 Simpledynamicsfor broadhistogrammethod
Oliveira, P. M. C. de

I12 Doubledegeneracy in theground-stateof the3D
��

spinglass
Hatano,N., Gubernatis,J. E.

I13 Magnetizationreversalusingnovel new event-drivenMonteCarloalgorithms
Novotny, M. A.

I14 Visualizationof MD andMC simulationsfor atomisticmodeling
Adler, J., Hashibon,A., Schreiber, N.,Sorkin,A., Sorkin,S.,Wagner, G.

I15 Stochasticand dynamicpropertiesof moleculardynamicssystems:Simple liquids,
plasmaandelectrolytes,polymers,etc.
Norman,G. E.

I16 Simulationandeventgenerationin high-energy physics
Perret-Gallix,D.

I17 Phasetransitionsatsurfaces,edges,andcorners
Pleimling, M.

I18 Ab initio surface energies and the oxidation of NiAl(110): Can we predict growth
modesof theoxidelayer?
Alavi, A.,Lozovoi, A. Y.
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I19 Modelingnonequilibriumphasetransitionsandcritical behavior in complex systems
Marro, J.

I20 Dynamictransitionsin pureisingmagnetsunderpulsed& oscillating£elds
Chakrabarti, B. K., Misra, A.

I21 Proteinstop-down
Hansen,A.,Bakk,A.,Dommersnes,P. G., Jensen,M. H., Høye, J. S.,Sneppen,K.

I22 Proteindynamicssimulations:Graspingmolecularnano-machines
Heymann,B.,Böckmann,R.,Grubm̈uller, H.

I23 Nano-scalestructurein membranesin relationto enzymeaction– computersimulation
vsexperiment
Mouritsen,O. G., Hoyrup,P., Kaasgaard, T., Kildemark,L., Jorgensen,K.

I24 Equilibriumpolymerizationof polycarbonates
Jones,R.O., Ballone, P.

I25 Numericalsimulationsof randomspin (andfermionic)modelswith wide distribution
of energy scales
Bhatt,R.N.

I26 Simulationof in£nitelystronglyinteractingfermionsfrom oneto two dimensions
Brunner, M., Lavalle, C., Assaad,F. F., Muramatsu,A.

I27 Dynamicalpropertiesof ”sequencealignment”:Aging andmore
Marinari, E.

I28 Applicationof exactcombinatorialoptimizationalgorithmsto thephysicsof disordered
systems
Rieger, H.

I29 LatticeBoltzmannmodels:anef£cientandsimpleapproachto complex ¤ow problems
Chopard, B., Dupuis,A.

I30 MultiscalelatticeBoltzmannmethods
Succi,S.,Filippova,O.

I31 Largeeddysimulationof turbulentcombustionprocesses
Jones,W. P.

I32 Largescalemulti-agenttransportationsimulations
Nagel, K.

I33 Frommicroscopicsimulationsto macroscopicmaterialbehavior
Luding, S.

I34 Instabilitiesin shearedloosedgranularmatter
Kertész,J., Török,J., Sasv́ari, M., Wolf, D. E., Krishnamurthy, S.,Roux,S.

I35 Wettingof asymmetricalbinary¤uidmixtureonawall
Wilding, N. B., Schmid,F.

I36 Paralleltemperingalgorithmto equilibrateglassysystems
Kob,W., Binder, K., Michele, C. De, Sciortino,F., Sẗuhn,T., Yamamoto,R.
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I37 Turbulencein dilute polymersolutions:A phasediagram
Eckhardt, B.,Kronjäger, J., Schumacher, J.

I38 Intermittency andmultiscalingin turbulence
Jensen,M. H.

I39 TheDataGridastool for globalhighenergy physicscomputing
Augustin,I.

I40 Dedicatedcomputingfor latticeGaugetheories:TheAPE(s)projects
Tripiccione, R.

I41 Simulationof populationgrowth andstructureof thepopulation
Maksymowicz,A. Z.

I42 Multi-fractal natureof stockexchangeprices
Ausloos,M., Ivanova,K.

I43 On thedistribution functionof theinformationspeedin computernetwork
Shchur, L. N.

I44 Emergenceof scalingin complex networks:from thetopologyof thewww to thestruc-
tureof thecell
Barabási,A.-L.

I45 Cosmologicalimplicationsfrom observationsof typeIa supernovae
Leibundgut,B.

I46 Simulationof hadronicparticleproductionin astrophysicalenvironments
Engel, R.

I47 Computationalparticlephysicswith theclustercomputerALiCE
Eicker, N., Neff, H., Lippert,Th.,Orth, B.,Schilling, K.

I48 Hydromagneticturbulencein computersimulations
Brandenburg, A., Dobler, W.

III Oral Contrib utions

O1 On new ef£cientalgorithmsfor PIMC andPIMD
Müser, M. H., Krajewski,F.

O2 Finite-temperatureLanczosalgorithmstudyon pseudogapin high-� � superconductors
Sakai,T., Takahashi,Y.

O3 A computationalstudyof someJosephsonjunctioncircuits
Borcherds,P. H.

O4 Ab-initio predictionof complex magneticstructuresin low dimensions
Bihlmayer, G., Kurz,Ph.,Förster, F., Blügel, S.

O5 Quasi-abinitio moleculardynamicssimulationsof atomic scalestructureson metal
surfaces
Stepanyuk,V. S.,Bazhanov, D. I., Baranov, A. N.,Hergert, W.

O6 Dynamiccritical behavior of theclassicalanisotropicBCCHeisenberg antiferromagnet
Tsai,S.,Bunker, A., Landau,D. P.
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O7 Strongelectrostaticinteractionsin colloidal systems
Messina,R.,Holm,C., Kremer, K.

O8 Optimalshapesof compactstrings
Micheletti,C., Maritan, A.,Trovato,A.,Banavar, J.

O9 Moleculardynamicsstudyof polyelectrolytebrushes
Seidel,C.

O10 Large-scalecomputersimulationof local segmentaldynamicsin amorphousatactic
polystyrene
Lyulin, A. V., Michels,M. A. J.

O11 Dynamicsof dropletspreading
Milchev, A., Binder, K.

O12 Largesheardeformationof particlegelsstudiedby Browniandynamicssimulations
Rzepiela,A. A.

O13 Chaoticionizationof non-classicalalkali Rydberg states– computationalphysicsbeats
experiment
Krug, A., Buchleitner, A.

O14 Improving theDiracoperatorin latticeQCD
Gattringer, C., Lang, C. B.

O15 Universal¤uctuationsof Diracspectrain QCD
Meyer, S.H.

O16 Anisotropicscalingandgeneralizedconformalinvarianceat Lifshitz points
Henkel, M., Pleimling, M.

O17 Distribution of instantonsizesin asimpli£edinstantongasmodel
Münster, G., Kamp,C.

O18 Thefractaldimensionof thecritical ¤uctuationsin Abeliangaugetheories
Hove, J., Mo, S.,Sudbø,A.

O19 Couplingmoleculardynamicsandcontinuumdynamics
Wagner, G., Flekkøy, E.G.,Feder, J., Jøssang, T.

O20 Determiningthedensityof statesfor classicalstatisticalmodels:A randomwalk algo-
rithm to producea¤athistogram
Landau,D. P., Wang, F.

O21 A clusterMonteCarloalgorithmfor 2-dimensionalspinglasses
Houdayer, J.

O22 Patternformationandcoherentstructuresin collectivemodelsfrom acceleratorphysics
Fedorova,A. N.,Zeitlin, M. G.

O23 Vlasov Poissonsolver for densityenhancementnearionsat restin magnetizedelectron
plasmas
Heerlein,C., Toepffer, C.

O25 Modelling (001)surfacesof II-VI semiconductors
Ahr, M., Biehl,M.

35



O26 MonteCarlosimulationsof Gequantumdotson Si(100):stress£eldsandintermixing
Sonnet,Ph.,Kelires,P. C.

O27 Differenttypesof scalingin epitaxialgrowth
Brendel,L., Hinnemann,B.,Hinrichsen,H., Schindler, A.,Driesch,M. vonden,Wester-
hoff, F., Wolf, D. E.

O28 Moleculardynamicsstudyof martensitictransformationsin sinteredFe-Ninano-particles
Kadau,K., Entel,P.

O30 First-principlesmolecular-dynamicssimulationsof thestickingof GaandN gas-phase
atomson wurtziteGaNsurfaces
Tsai,M.

O31 How pearl-necklacesunwind
Holm,C.,Limbach, H.

O32 Sequencedesignof AB-copolymers:Conformation-dependentscheme
Ivanov, V. A.,Khalatur, P. G., Khokhlov, A. R.

O34 Excitonsin conjugatedpolymersfrom £rstprinciples
Horst,J.-W. vander, Bobbert,P. A.,Pasveer, W. F., Michels,M. A. J., Brocks,G.,Kelly,
P. J.

O35 Electronicstructureat anew level of complexity with parallelFLAPW
Mannstadt,W., Canning, A., Freeman,A. J.

O36 P-FLAPW: A largescaleparallelall electron£rstprinciplescode
Canning, A., Mannstadt,W., Freeman,A. J.

O37 MonteCarlocalculationsof themicrostructureof solidsandliquids
Gernoth,K. A.

O38 A domainpartitionapproachto paralleladaptive simulationof dynamicthresholdvolt-
ageMOSFET
Li, Y., Chao,T., Sze, S.M.

O39 Computersimulationof radiationeffect on the electronicpropertiesof carbonnan-
otubes
Prylutskyy, Yu. I., Makarets,M. V.

O40 A new ab-initio approachfor thecalculationof NMR chemicalshifts in periodicsys-
tems
Sebastiani,D., Parrinello, M.

O41 On theparallelizationof moleculardynamicscodes
Trabado,G. P., Plata,O., Zapata,E. L.

O42 ExpandedensembleMonteCarlomethodfor freeenergy calculations
Vorontsov-Velyaminov, P. N., Lyubartsev, A. P.

O43 CFD simulationsof turbulentreactive ¤ows with supercomputingfor hydrogensafety
Rehm,W., Jahn,W., Vogelsang, R.,Wang, B. L.

O44 A nonlinearwavedynamicalmodelfor two-phase¤owsandits numericalsolutions
Kim, D. C.
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O45 Smallscalestatisticsof turbulenceathigh Reynoldsnumbersby massive computation
Gotoh,T.

O46 Studyof thedistribution functionsin minimal modelmarket
Chakraborti, A., Pradhan,S.,Chakrabarti, B. K.

O47 Are hierarchicalWeierstrasswalkspresenton astockmarket?
Kutner, R.

O48 Modelling traf£c ¤ow for a single-laneurbanroundabout
Wang, R.,Ruskin,H. J.

O49 Moleculardynamicssimulationof thenanoparticlestransferin gasesandliquids
Rudyak,Ya.,Belkin,A., Kharlamov, V.

O50 Thewonderfulworld of granularratchets
Rapaport,D. C.

O51 FrictionbetweenSi tip and(001)-����� surface:amoleculardynamicssimulation
Jun,C., Wang, J.-S.

O52 A numericalstudyof the10 statesPottsglass
Brangian,C., Kob,W., Binder, K.

O53 Simulationof electron-electronscatteringin semiconductordevicesby thelocal itera-
tiveMonteCarlotechnique
Jakumeit,J.

O55 Dynamicsubgrid-modelingin large-eddysimulationsof magnetohydrodynamicturbu-
lence
Müller, W., Knaepen,B.,Debliquy, O., Carati, D.

O56 Fluid ¤ows in narrow channels
Walenta,Z. A.,Kucaba-Pietal,A., Peradzynski,Z.

O57 Simulationof ¤uid¤ow in thepresenceof particles
Alda,W., Dzwinel,W., Kitowski,J.

O58 APE– T¤opscomputersfor theoreticalparticlephysics
Jansen,K., Paschedag, N., Pleiter, D., Simma,H., Wegner, P.

O59 Largescale& grid computingwith Cactus
Allen,G., Benger, W., Dramlitsch, T., Goodale, T., Hege, H., Lanfermann,G., Merzky,
A.,Radke, T., Seidel,E.,Shalf, J.

O61 Growth & structureof theworld-wideweb:Towardsrealisticmodeling
Tadić, B.

O62 A modelfor proportionalvoting process
Bernardes,A. T.

O63 Computationalphysicsprogrammein researchandteaching- An africanexperience
Sheth,C. V.

O64 Steadystatetwo-phasebulk ¤ow in 2D porousmediaby network models
Knudsen,H. A., Hansen,A.
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O65 Multicanonicalsimulationsof somepeptides
Arkın,H., Yaşar, F., Çelik, T., Berg, B. A., Meirovitch, H.

O66 New algorithmsandthestatisticalphysicsof proteinfolding
Hansmann,U. H. E.

O67 Magnetorotationalsupernovaexplosion.SimulationLagrangianimplicit numericalmethod
on triangulargrid with grid reconstruction
Moiseenko, S.G., Ardeljan,N. V., Bisnovatyi-Kogan,G. S.

O68 Theeffectsof cosmicrayson thelargescalestructureformationin theuniverse
Ryu,D., Kang, H., Biermann,P. L.

O69 Performingandanalysingcosmologicalsimulationswith FLY andAstroMD
Antonuccio-Delogu, V., Becciani,U., Ferro, D., Germańa, A., Pagliaro, A., Buonomo,
F., Gheller, C.

O70 Computationof relativistic electronacceleration,transportandemissionsin complex
astrophysical¤ows
Jones,T. W., Tregillis, I. L., Ryu,D.

O71 Estimatesof arrival directionsof giantair showers
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Bischof, C. H., Bücker, H. M., Rasch, A.,Risch, J. W.

A129 Mappingcellularautomataapplicationsinto cellularautomatanetworksones
Calidonna,C. R.,Gregorio, S.di, Furnari, M. M.

45



A130 An ef£cientdatacompressionmethodfor theDavidsonsubspacediagonalizationscheme
- New possibilitiesin computationalscience
Dachsel,H.

A131 Analytical Hartree-Fock gradientsfor periodicsystems
Doll, K.

A132 New representationof the Ising model and new clustermethod[1ex] for £nite and
in£nitesizesystems
Evertz,H. G., Erkinger, H. M., Linden,W. vonder

A133 Variablehigh order £nite differencealgorithmsand importantdomainsamplingfor
solvingtheSchr̈odingerequationin moleculardynamics
Farantos,S.C.

A134 Numericalsolutionof aninverseproblemfor thehydraulicpropertiesof porousmedia
Fatullayev, A. G.

A135 A new latticeBoltzmannapproachto themechanicalpropertiesandmicrostructureof
thepatternformationin magnetic¤uids
Hirabayashi,M., Chen,Yu, Ohashi,H.

A136 Generalizedevolutionaryprogrammingwith Lévy-typemutation
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abe, M.

B50 Adeninetautomercomplexeswith closed-andopen-shellcopperions.Ab initio exam-
ination
Rubina,Yu.,Rubin,V., Sorokin,V.A.,Shukla,K., Leszczynski,J.

B51 FTBF: A new software packagefor the analysisof extendedX-ray absorption£ne
structure(EXAFS) spectra
Zhuchkov, N.,Gnezdilov, V.

B52 Epitaxialgrowth onporous9 111: and 9 100: Si surfaces
Chemakin,A. V., Shwartz,N. L., Yanovitskaya,Z. Sh.,Zverev, A. V.

B53 Tight bindingmodelingof bondingandelectronicpropertiesof heterostructures
Ünlü, H.

B54 Folding in latticemodelswith sidechains
Li, M. S.
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B55 Effectsof geometricanisotropy on local £eldin compositemedia
Lo, C. K., Wan,J. T. K., Yu, K. W.

B56 Computermodellingof light scatteringin £lled liquid crystals
Lednei,M. F., Pinkevich, I. P., Reshetnyak,V. Yu.,Sluckin, T. J.

B57 First-orderscalingnearasecond-orderphasetransition:Tricritical polymercollapse
Prellberg, T., Owczarek,A. L.

B58 Mathematicalmodelof biosensorwith multilayerchargedmembrane
Rossokhaty, V., Rossokhata,N.

B59 Calculationof thecondensatefractionin liquid Helium-4
Rovenchak,A. A., Vakarchuk,I. O.

B60 Non-equilibriummoleculardynamicssimulationof block copolymersin selective sol-
vents
Rychkov, I., Yoshikawa,K.

B61 Kinetic theoryof mechanicalstrengthof carbonnanotubes
Samsonidze, GuramG., Samsonidze, Georgii G.

B62 Representationof a network of £ller particlesin polymericcompositesasa massmul-
tifractal
Kozlov, G. V., Shustov, G. B.,Dolbin, I. V.

B63 Adsorptionof polymer chainswith variablestiffnessonto a surface:Molecular dy-
namicssimulations
Sorkin,V. A., Kramarenko, E. Yu.,Khalatur, P. G.,Khokhlov, A. R.

B64 One-particlediffusionalmodelto mimic somepropertiesof glasstransition
Sorkin,V., Ivanov, A.

B65 Phasetransitionsof hard-andsoft-disksin externalperiodicpotentials:A MonteCarlo
study
Strepp,W., Sengupta,S.,Lohrer, M., Nielaba,P.

B66 Differentstructuresof stiff-chainmacromolecules:A MonteCarlosimulation
Stukan,M. R.,Ivanov, V. A., Paul, W., Binder, K.

B67 Friction in atomisticBrowniansystems
Sutmann,G., Steffen,B.

B68 Electrostaticeffectsin colloidalsystems: MonteCarlosimulations
Terao,T., Nakayama,T.

B69 Glasstransitionin polymer£lms:A moleculardynamicsstudy
Varnik, F., Baschnagel, J., Binder, K.

B70 MonteCarloapproachto double-strandedpolymers
Velichko, Y. S.,Yoshikawa,K., Khokhlov, A. R.

B71 Phasediagramsof compressiblepolymer-solventmixtures- A MonteCarloinvestiga-
tion
Virnau, P., Müller, M., McDowell,L.

B72 Constraintson clustersof colloidal particlesby interactive moleculardynamics
Vormoor, O.
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B73 Effectof binarymixturesontheisotropic-nematictransition:A latticemodelsimulation
study
Yarmolenko, V. V., Cleaver, D. J.

B74 Field-inducedstructuretransformationin ER solids:Beyondthepoint-dipoleapproxi-
mation
Yu, K. W., Lo, C. K., Wan,J. T. K., Siu,Y. L.

B75 MonteCarlosimulationsof continuousphasetransitionsin the3D Ashkin-Tellermodel
Musiał,G.,Kamieniarz,G., Dȩbski,L.

B76 Statisticalsynchronizationin Bose-Einsteincondensation
Kutner, R.,Regulski,M.

B77 Onnon-Markovian quantummasterequations
Lendi,K., Aissani,A.

B78 Numericalstudyof complex quantumsystemsby amethodof approximateintegration
in metricspaces
Lobanov, Yu. Yu.

B79 Monte Carlo investigationof critical phenomenain modelsof real magneticswith
crossovers
Murtazaev, A. K., Kamilov, I. K., Magomedov, M. A.

B80 Thecoordinatedvalence- force£eldandthermodynamicpropertiesof organicsulphur
moleculesandradicals
Orlov, Yu.,Turovtsev, V.

B81 High-precisionestimatesof critical parametersby meansof improvedhamiltonians
Campostrini,M., Hasenbusch, M., Pelissetto,A., Rossi,P., Vicari, E.

B82 Microcanonicalanalysisof continuousphasetransitions:ef£cientalgorithmandcritical
exponents
Pleimling, M., Hüller, A.

B83 Quantumchaosandits testing
Prykarpatsky, A. K., Basiura, R.,Prykarpatska,K.

B84 Nucleationin thetwo-dimensionalIsing model
Rutkevich, S.B.

B85 Moleculardynamicssimulationstudyof N,N-dimethylformamide– watersolutions
Koufou,A., Chalaris,M., Samios,J.

B86 Solute-solvent interactionsin in£nitely dilute supercriticalmixtures:A moleculardy-
namicsinvestigation
Cournia,Z., Dellis, D., Samios,J.

B87 Ultrametric£eldtheoryandRandomEnergy Model (REM) statisticalmechanics
Saakian,D. B.

B88 Commonfeaturesof decon£ningandchiral critical pointsin QCD andthe threestate
Pottsmodelin anexternal£eld
Karsch, F., Schmidt,Ch.,Stickan,S.
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B89 Studyof plasma-solidinteractionin low-temperatureplasma
Vicher, M., Hrach, R.,Entlicher, M., Mare³s,R.

B90 Avalanchesin thegroundstateof the3d gaussianrandom£eld ising modeldrivenby
anexternal£eld
Frontera, C., Vives,E.

B91 A modelof internalwavesmixing via numericalsolutionof Korteweg-deVriessystem
Halim, A. A., Kshevetskii,S.P., Leble, S.B.

B92 Computationalmethodfor transitionto chaospredictionof theforcedoscillations
Bashkirtseva, I. A.,Ryashko, L. B.

B93 Localizationandcoherentstructuresin wavedynamicsvia multiscales
Fedorova,A. N., Zeitlin, M. G.

B94 Numericalsimulation¤uid ¤ow with a obstacleon a channelwall: Quasi- oscillation
regime
Gorbatchevski,A. Ya.,Churbanov, A. G.

B95 Convectioninstability in asmallRayleigh-B́enardsystem
Hasegawa,M.

B96 Interactionof dissipative quasi-particles:Scattering,formationof boundstates,gener-
ationandannihilation
Liehr, A. W., Bode, M., Purwins,H.

B97 Computationof adiverging LX-17 detonation
Eryan,L., Bangdi,L., Yuanshu,W.

B98 Computationalanalysisof theevolution of steepgravity waveson ¤uidof anarbitrary
depth
Lukomsky, P., Gandzha,S.,Lukomsky, V., Tsekhmister, V.

B99 Analysisof vortex structuresin acompressibleisotropicturbulence
Miura, H.

B100 Numericalmodelingof turbulentwakesdynamicsin strati£edmedium
Chernykh,G. G., Moshkin,N. P., Voropayeva,O. F.

B101 Generalizedthermostatisticsdescriptionof turbulenttemperature¤uctuations
Ramos,F. M., Rosa,R.R.,Neto,C. R.,Bolzan,M. J. A., Sá, L. D. A.

B102 Gastrulationasaself-organizedsymmetrybreakingprocess
Castro-e-Silva,A., Bernardes,A. T.

B103 Uni£edinformationsharingsystemandcomputationalphysics
Itoh, S.,Saito,T., Ohnishi,S.,Takaki,R.,Ogawa,S.

B104 Multifractality of cloudbaseheightpro£les
Ivanova,K., Gospodinova,N.,Shirer, H. N.,Ackerman,T. P., Michalev, M. A.,Ausloos,
M.

B105 Studyof somelasersignalsemergentfrom nonlinearopticalmedia
Ghelmez,M., Toma,C., Sterian,P. E.

B106 Fluctuationsof WIG- theindex of Warsaw stockexchange
Makowiec,D., Gnacínski,P.
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B107 Neuralnetworksin imageanalysisof complex systems
Malý, M., Hrach, R.,Novotńy, D.

B108 Pressuremeasurementsin (�;=< simulations:Thecaseof lipid bilayers
Penna,G. La, Minicozzi,V., Morante, S.,Rossi,G. C.

B109 Dynamicalsystem’s approachto thebusybeaver problem
Nameda,E., Ohira, T., Ikegami,T.

B110 Characterisationof degreeof arrangementin imageanalysisof complex systems
Hrach, R.,Novotńy, D., Sobotka,M., Vicher, M., Kostern,M.

B111 Stochasticthreestatemodelwith delay
Sazuka,N.,Ohira, T.

B112 Synapticpolaritiesstudiedby therecurrentback-propagation
Omata,K., Osana,Y., Kawamura, K.

B113 Ona£nite-dimensionalreductionfor aclassof conservative dynamicalsystemsandits
applications
Prykarpatska,N. K., Prykarpatsky, A. K.

B114 Finite dimensionalreductionsof conservative dynamicalsystemsandnumericalanal-
ysis
Prykarpatsky, A. K., Prykarpatsky, N. K.

B115 A studyon theform factorskernelfunction
Zéghers,E., Christophe, Renaud.

B116 Leastsquares£ttingof apolynomialof degreetwo to asetof datapoints
Sheth,C. V.

B117 Patternanalysisfor packingcellsof wingsof Pterygota
Seino,M., Kakazu,Y., Aoki,D.

B118 A modelof urbanmobility
Bazzani,A., Giorgini, B., Servizi,G.,Turchetti,G.

B119 Applicationof parallelcomputationsfor themodellingof electromagneticwavesprop-
agationin ananisotropiclayer
Sharkova, N. M., Andronov, I. V.

B120 Energeticsef£ciency in homogeneousforcedratchets
Sintes,T., Sumithra, K.

B121 Networkedvirtual reality spacefor analyzingnumericalsimulationresult
Tamura, Y., Kageyama,A., Sato,T.

B122 Dynamicalbehavior of individual agentsin Hogg-Hubermanmodel
Inoue, M., Tanaka,T., Shibata,J.

B123 Quantumspectralpropertiesof aspin-1/2particlein coupledquarticoscillatorpotential
Tomiya,M., Yoshinaga,N.

B124 Opticalsolitonpropagationin coupledsystemswith randomperturbations
Umarov, B. A.
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B125 Modi£edoscillator


-matrix methodfor scattering
Vanroose, W., Broeckhove, J., Arickx,F.

B126 A numericinvestigationof avehiculartraf£c¤ow modelbasedonastochasticacceler-
ationprocess
Waldeer, K. T.

B127 Rotatingdielectricspherenearasubstrateinterface
Wan,J. T. K., Gu,G. Q., Yu, K. W.

B128 Quasiclassicalcalculationsof Wignerfunctionsin nonlineardynamicsvia multiresolu-
tion
Fedorova,A. N., Zeitlin, M. G.

B129 Shiftedcontourauxiliary£eldMonteCarlo:Accurateelectronicstructureof molecules
andextendedmodelsystems
Baer, R.,Neuhauser, D.

B130 A parallelMoore-Penrosegeneralizedinversealgorithmfor equilibriumnetwork ¤ow
sensitivity simulation
Cho,H., Fan,C.

B131 A fastway to optimizethedesignof anasymmetricdc–SQUID
Calidonna,C. R.,Furnari, M. M., Pagano,S.,Sarnelli,E., Testa,G.

B132 Non-relativistic electrontransportin metals:A MonteCarloapproach
Rahimi,M. F., Ghal-eh,N.

B133 New clusteralgorithmandits applicationto the >@? 1/2XXZ chain
Otsuka,H.

B134 Contrastingmodelsfor the simulationof multi-particlecollisionsanddynamicsin a
one-dimensionalspace
Oyedele, J. A.

B135 DynamicMonte Carlo simulationswith a phononheatbathfor a square-latticeising
ferromagnet
Park, K., Novotny, M. A.

B136 Pathintegral MonteCarlostudyof a two dimensionalpolarongas
Titantah,J. T., Pierleoni,C., Ciuchi, S.

B137 Studyof bifurcationsandstability in Rayleigh-B́enardconvection
Puigjaner, D., Siḿo, C., Giralt, F.

B138 Kinetic theoryfor a¤uctuatingheatconductionequation
Ripoll, M., Espanol, P.

B139 An alternative approachto thecomputationof critical propertieswith therenormaliza-
tion group
Ron,D., Swendsen,R.H.

B140 Local sensitivity computationalanalysisof stochastic3D-cycles
Ryashko, L. B.,Bashkirtseva, I. A.

B141 Load-balancingof plasmaparticle-in-cellsimulations
Schüle, J., Othmer, C.
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B142 Semi-quantalsimulationsof hydrogenunderextremeconditions
Knaup,M., Reinhard, P.-G.,Toepffer, C., Zwicknagel, G.

B143 Non-Boltzmannsamplingfor percolationandthe A -statesPottsmodels
Weigel, M.

B144 A dynamicMonteCarlostudyof random-bondPottsferromagnetwith trinarydisorder
distributions
Ying, H. P., Ji, D. R.,Schülke, L.
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Simulating crystal nucleation rates

DaanFrenkel
Institutefor AtomicandMolecularPhysics,Amsterdam,TheNetherlands

ClassicalNucleationTheorydatesbackto the1920’s andhasbeenthestandardtool to predictandin-
terpretexperimentson (crystal)nucleation.It is now becomingpossibleto computeabsolutenucleation
ratesdirectly by computersimulation,even whenthe actualratesareaslow asonenucleusper cubic
centimeterpermonth! However, simulationsof crystalnucleationin colloidal suspensionsyield rather
large discrepancieswith experiment.In my talk, I shall review whatsimulationtells usaboutthepath-
way for colloidal crystallizationandI shall discusssomeof the factorsthatmayberesponsiblefor the
discrepancy betweensimulationandexperiment.In particular, I shall discussrecentsimulationresults
thatshedanew light oncrystallizationin amorphousmaterials.
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Computer simulation of biomoleculesat soft interfaces

Michael L. Klein
Centerfor MolecularModeling, Departmentof Chemistry

University of Pennsylvania

klein@lrsm.upenn.edu

Abstractnotavailableat time of printing
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Modelling liquid crystal hydrodynamics

Julia Yeomans
University of Oxford, Theoretical Physics,1 KebleRoad,

Oxford, OX1 3NP, England

Tel: 44 1865273992,Fax: 44 1865273947,
E-mail: J.Yeomans1@physics.ox.ac.uk

Thereis greatinterestin obtaininga fundamentalphysicalunderstandingof the¤ow propertiesof liquid
crystals,polymermeltsanddropletsuspensions.Thehydrodynamicsof suchcomplex ¤uidscanbecom-
plicatedandvery differentfrom thatof simpleliquids becauseof thecouplingbetweenthemicroscopic
structureandthevelocity £eld.Examplesincludeshearthinningandnon-equilibriumphasetransitions
suchasbandingundershear.

Developingmodellingapproachesis challengingbecauseof thediverselengthandtimescalesinvolved.
Oneattemptto overcometheproblemshasbeenthedevelopmentof mesoscalemodellingmethodssuch
aslatticeBoltzmannsimulations[1]. Thesesolve thehydrodynamicequationsof motionwhile inputting
suf£cient,albeitgeneric,molecularinformationto modeltheimportantmicroscopicphysicsof the¤uid.
This is oftendoneby imposingaLandaufreeenergy functionalwhich is minimisedin equilibrium.

Lookingto extendmesoscaleapproachestonon-Newtonian¤uidswehavedevelopedalatticeBoltzmann
model of liquid crystal hydrodynamics[2]. The approachis basedon the hydrodynamicequationsof
motionwrittenin termsof atensororderparameter[3] andisabletomodeltheisotropic,uniaxialnematic,
andbiaxialnematicliquid crystalphases.Back-¤ow, thecouplingof theorderparameterto the¤ow £eld,
andvariationsin the magnitudeof theorderparameterappearnaturallywithin the simulations.Hence
we areableto investigate,inter alia, therole of hydrodynamicsin themovementof topologicaldefects,
domainwall movementin liquid crystalswitching,phaseorderingin liquid crystalsfollowing a quench
anddirectorcon£gurationsin a¤ow £eld.

We show thatthevelocity of topologicaldefectscanbestronglyaffectedby hydrodynamics.Defectsof
differenttopologicalchargecoupleto the¤ow £eldin differentwaysandhencehave differentvelocities
for agivendriving force.As liquid crystaldevicesswitchdomainsof thenew phasehave beenobserved
to grow anisotropically[4] andwe demonstratethat this canbe explainedby invoking hydrodynamic
couplingto defectswhich form at thedomainwalls.

A currentaimof theelectronicsindustryis to developbistabledeviceswhichcanretainamemoryof two
distinctdirectorcon£gurationsevenwhentheexternal£eldis switchedoff. Suchdeviceswould leadto
enormouspower savings for infrequentlyupdateddisplays.We describeswitchingin onesuchdevice,
thezenithalbistablenematic,andshow thattheswitchingcanbedriving by asurface¤exoelectriceffect.

References

1. S.ChenandG.D. Doolen,AnnualRev. Fluid Mech.30329(1998).
2. C. Denniston,E. OrlandiniandJ.M.Yeomans,Europhys.Lett. 52 481(2000).
3. A.N. BerisandB.J.Edwards,Thermodynamicsof Flowing Systems, Oxford UniversityPress,(1994).
4. E.J.Acosta,M.J.Towler andH.G. Walton,Liquid Crystals,27 977(2000).
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Computers in physicseducation

FranciscoEsquembre
DepartamentodeMateḿaticas,UniversidaddeMurcia, 30071Murcia, Spain

phone:+34968363534,fax:+34 968264182,e-mail: fem@um.es

Although the questionof whetherstudentsreally learnthe fundamentalconceptsof Physicsafter suc-
ceedingintroductorycourses,has(or at leastshouldhave) alwaysworried faculty, greaterconcernhas
arisenasthe£guresof enrolmentsof studentshave starteda long-lastingdecline.Of course,this prob-
lem canbe dueto several causes,not all of themacademic[1]. But certainly, increasingthe degreeof
satisfactionof thestudentsandtheirultimateunderstandingof whatPhysicsis andhow exciting working
with Physicsis for all of us,wouldhelpmaintainor evenincreasetheattractionof Physiccoursesto both
futureprofessionalsandstudentsfrom otherdisciplines.

As part of the reactionto this concern,many faculty have turnedtheir eyesto computersasa tool to
improve their day-to-daytaskof lecturing.However, it is not clearthat just usinga new mediaactually
improvesthelearning[2]. Thecorrectapproach(andthis is theonethatwewill defendin ourexposition)
seemsto beto learnaboutall thework conductedin thepasttwo decadesin the£eldof PhysicsEducation
Research(PER),andusetheir alreadywidely acceptedcore of resultsto designand implementnew
successfulteachingstrategies[3].

Fortunatelyfor thoseinterestedandkeenon computers,it turnsout thatmany of the featuresand’best
practices’thatPERrecommends[4] arenot only possiblewith computers,but in somecases,they are
very dif£cult to implement(in thereasonablelimited time thatwe areusuallygivento teach)without a
computer.

We will revise the recommendationsof PERin this talk aswell asdiscusshow thesecanbe correctly
implementedusingcomputers.We will alsoexpendsometime takinga brief glance(with de£nitelyno
attemptfor comprehensiveness)at someof thesuccessfulor interestingexperiencesandsoftwarethatis
currentlybeingdevelopedandusedin Physicsclassrooms.

We will end this talk with a discussionof the opportunitiesand threatsthat the useof Computersin
PhysicsEducation(andsometimesnot only in Education!)facein our days.Certainly, this will be the
mostsubjective, (andperhapscontroversial)partof thetalk.

References

1. RuthH. Howes.”UndergraduatePhysicsin theAgeof CompassionateConservatism”.Talk atJamesMadisonUniversity.
(March2001).

2. A. Szabo,N. Hastings.”Using IT in theundergraduateclassroom”.ComputersandEducation35 (2000)175-187.
3. EdwardF. Redish.”Millikan AwardLecture(1998):Building aScienceof TeachingPhysics”.Am. J.Phys.65(1),45-54.
4. LeonM. Lederman”ARISE: white paper”.FERMILAB-TM-2051 (1998)
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Methods for coupledquantum-classicalMonte Carlo

D. M. CeperleyB and M. DewingCD
University of Illinois, 1110W GreenSt.,Urbana,IL 61801,USAE

INTEL,FoxDr., Champaign,IL 61821,USA

ceperley@uiuc.edu

QuantumMonte Carlo (QMC) methodssuchas VariationalMonte Carlo, Diffusion Monte Carlo or
Path Integral Monte Carlo are the most accurateand generalmethodsfor computingtotal electronic
energies.Takingmany-bodyhydrogenat high pressureasanexample,eachmethodhasa limited range
of applicability, particularlyat £nitetemperature.

Wehaveintroducedamethod[1]to performacoupledQMC for theelectronsandanotherMC simulation
for theions(CEIMC). UsingquantumMonteCarlo,oneestimatestheBorn-Oppenheimerenergy which
is thenusedin a Metropolissimulationof the ionic degreesof freedom.We have shown that onecan
modify theusualMetropolisacceptanceprobability to eliminatethebiascausedby noisein this energy
difference,thusallowing morenoisyestimatesof theenergy differenceandtherebydrasticallyreducing
thesamplingtimeof theelectronicdegreesof freedom.Wehave implemented[2]severaldifferentQMC
methodsfor estimatingtheenergy changeincludingDiffusionMonteCarloandVariationalMonteCarlo.
Wehave alsodevelopeda correlatedsamplingtechniquesothatthevarianceof thedifferenceis smaller
thanof eachenergy individually.

Usingthesemethods,wehaveperformedsimulationsof liquid HC onaparallelcomputer. Wehavedevel-
opednovel methodsto move theHC molecules(separatetranslations,rotationsandvibrations)andways
to pre-rejectthemovesusinganempiricalpotentialin aneffort to speedup thesimulation.We discuss
somepossibleadvantagesof theCEIMC methodrelative to Car-Parinello simulationsconcerninghow
thequantumeffectsof theionic degreesof freedomcanbeincludedandhow theboundaryconditionson
thephaseof thewavefunctioncanbeintegratedover[3].

References

1. Ceperley, D. M. andM. Dewing, ”The PenaltyMethodfor RandomWalkswith UncertainEnergies”,J.Chem.Phys.,110,
9812-9820(1999).

2. Dewing, M andD. M. Ceperley, ”Methodsfor CoupledElectronic-IonicMonte Carlo”, RecentAdvancesin Quantum
MonteCarloMethods,II, ed.S.Rothstein,World Scient£c,in press(2001).

3. C. Lin, F.-H. ZongandD. M. Ceperley, ”Twist-averagedboundaryconditionsin continuumQuantumMonteCarloalgo-
rithms”, Phys.Rev. E 64 , 016702(2001).
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Predictivemodelingof materials by ab initio thermodynamics
and statistical mechanics

Matthias Schef¤er
Fritz-Haber-InstitutderMax-Planck-Gesellschaft,

Faradayweg 4-6,D-14195Berlin, Germany

http://www.fhi-berlin.mpg.de/th/th.html

In thistalk I will sketchthe”abinitio line” of ”ComputationalMaterialsScienceandEngineering”,thatat
presentis signi£cantlyincreasingin importanceandimpact.To predictmaterialspropertiesstartingfrom
theelectronicstructureandgoingall thewayto technicallyrelevanttimeandlengthscales,is adesirethat
hasexistedfor many yearsin particularin condensed-matterphysics,materialsscience,surfacephysics,
chemistry, andbio-chemistry. However, only recent,spectaculardevelopmentsin methodology, andthe
availability of fastcomputers,enableusnow to approachthisgoal.

I will emphasizehow density-functionaltheorycalculationscanandshouldbe combinedwith meth-
odsfrom statisticalmechanics[1,2], meso-/macroscopiccontinuummechanics[3], andthermodynamics
[3,4,5], andI will demonstratethe valueof suchstudiesusingselectedexamples.Theseexamplesin-
clude:

– phasetransitionsof crystalswith relevanceto mineralogyandgeophysics,
– predictionsanddescriptionof the functionof materialssurfaces(e.g.,atomicstructure,chemical

activity),
– excitedstates,core-level spectroscopy (many-electroneffects),etc.,
– crystalgrowth andself-assemblyof nanostructures,
– insightsinto thenatureof interactionsin biologicalmolecules.

Emphasiswill be placedon methodology, simplephysicalmodels,concepts,and the developmentof
understanding.
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2. P. KratzerandM. Schef¤er, MolecularModelingof SurfacesfromFirst Principles. To appearin Computingin Science
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3. Q.K.K. Liu, N. Moll, M. Schef¤er, andE. Pehlke,Equilibriumshapesandenergiesof coherentstrainedInP islands. Phys.
Rev. B 60, 17008(1999);L.G. Wang,P. Kratzer, N. Moll, andM. Schef¤er, Size, shape, andstabilityof InAsquantumdots
on theGaAs(001)substrate. Phys.Rev. B 62, 1897(2000).
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Pushingthe limits:
Extr emesand crashesin £nanceand economics

D. SornetteB�F CD
Instituteof GeophysicsandPlanetaryPhysics
andDepartmentof Earth andSpaceScience

University of California, LosAngeles,California 90095,USAE
Laboratoire dePhysiquedela MatiÁere CondenśeeCNRSUMR6622

andUniversité desSciences
B.P. 70,Parc Valrose, 06108NiceCedex 2, France

tel: 33-4920767 83, fax: 33-492 0767 54,e-mail: sornette@unice.fr

A market crashoccurringsimultaneouslyonmostof thestockmarketsof theworld aswitnessedin Oct.
1987wouldamountto thequasi-instantaneous evaporationof trillions of dollars.In valuesof Jan.2001,
a stockmarket crashof G6H6I indeedwould correspondto an absolutelossof about13 trillion dollars!
Market crashescanthusswallow yearsof pensionandsavings in aninstant.Could they make ussuffer
evenmoreby beingtheprecursorsor triggeringfactorsof majorrecessionsasin 1929-33afterthegreat
crashof Oct. 1929?Or could they lead to a generalcollapseof the £nancialand bankingsystemas
seemsto have beingbarelyavoidedseveral timesin the not-so-distantpast?Stockmarket crashesare
alsofascinatingbecausethey personifytheclassof phenomenaknown as“extremeevents”[1].

Whatarecrashes?How do they happen?Why do they occur?Whendo they occur?

The study of the frequency distribution of drawdowns, or runsof successive losses,shows that large
£nancialcrashesare“outliers”: they form a classof their own ascanbeseenfrom their statisticalsig-
natures.If large£nancialcrashesare“outliers”, they arespecialandthusrequirea specialexplanation,
a speci£cmodel,a theoryof their own. Themain mechanismsleadingto positive feedbacks,i.e., self-
reinforcement,suchas imitative behavior and herdingbetweeninvestorsare then described.Positive
feedbacksprovide thefuel for thedevelopmentof speculative bubbles,preparingtheinstability for ama-
jor crash.We have developedrationalmodelsof speculative bubblesandcrashesbasedon theinterplay
betweenimitation betweennoisetradersandrisk aversionby rationalinvestors.

Our most importantmessageis the discovery of robust and universal signaturesof the approachto
crashes.Theseprecursorypatternshave beendocumentedfor essentiallyall crasheson developedas
well as emergent stock markets,on currency markets,on company stocks,etc. The analysisdemon-
stratestheempiricalevidenceof theuniversalnatureof thecritical log-periodicprecursorysignatureof
crashes.Weexaminein detailswhataretheforecastingskills andtheir limitations,in particularin terms
of thehorizonof visibility andexpectedprecision.Wealsopresenttheconceptof an“anti-bubble”,with
theJapanesecollapsefrom thebeginningof 1991to present,takenasaprominentexample.A prediction
issuedandadvertisedin Jan.1999hasbeenuntil now born out with remarkableprecision,predicting
correctlyseveral changesof trends,a feat notoriouslydif£cult usingstandardtechniquesof economic
forecasting.
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The study of phasetransitionsin concentratedsolutionsand melts of ¤exible or stiff polymersis a
computationalchallengefor computersimulations,sincealreadyasinglepolymercoil exhibitsnontrivial
structurefrom the scaleof a chemicalbond(1 ªA) to the coil radius(100ªA), and for the simulationof
collective phenomenahugesimulationboxescontainingmany polymersarerequired.A strategy to deal
with this problemis the useof highly coarse-grainedmodelson a lattice,suchasthe bond¤uctuation
model.Several studiesemploying suchmodelswill be brie¤y reviewed, e. g: the temperature-driven
- isotropic–nematicphasetransitionin concentratedsolutionsof semi¤exible polymers,unmixing of
polymerblendsin the bulk andin a geometrycon£nedbetweenwalls which preferonecomponent.It
is shown that the £nite sizescalingtechniquespreviously developedfor Ising-typemodelsareuseful
in this context, too. Simulationof unmixed polymer blendsbetweencompetingwalls allows a study
of an interface localization-delocalization transitionand to observe anomalousinterfacial broadening
(dependingon thin £lm thickness).Thesesimulationshave alsoelucidatedcorrespondingexperiments.
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NERSC,theNationalEnergy ResearchScienti£cComputingCenter, is DOE’s premierscienti£ccom-
puting facility for unclassi£edresearch,andhashada signi£cantimpacton computationalphysicsin
theUS. In this presentationI will summarizetherecentexperienceat NERSC,andpresentelementsof
our strategic plan for the next £ve years.Signi£cantchangesareexpectedto happenin computational
scienceduringthis period.Traditionalsupercomputercenterswill have to anticipatethesechanges,and
bereadyyet againto changetheirmodelof service.

For thelast£veyearsthetransitionfrom avector-parallelto amassively parallelcomputingenvironment
werethemostsigni£cantevent.Thiswasaccomplishedby combininga commitmentto providing high-
endsystemsandwith a strongeffort in comprehensivescienti£csupport for its users.Supercomputer
centersevolved from the cycle-shop,mainframeorientedmentalityof the 1980sto the conceptof an
intellectualcenterin thelate1990s.

In 2001two new trendsareapparent:(1) the emergenceof large, multidisciplinary teamsfor compu-
tational physicssimulations,and (2) the convergenceof computation,experiment,and theory on an
iterative, real-timebasis.HereI will presenta vision on how a centerwill changeits activities andset
new directionsover thenext £veyearsto addressthesechanges.

The £rst new elementis supportfor Scienti£cChallenge Teams. It is envisionedthat theselarge-scale
teamswill be formedto develop anddeploy advancedmodelingandsimulationcodes,aswell asnew
mathematicalmodelsandcomputationalmethodsthattake full advantageof thenew generationof teras-
calecomputers.Theseteamsarerepresentative of ashift from thesingle-principal-investigator modelfor
high-endcomputingto a collaborative modelaimedat producing”community codes”whosedevelop-
mentis sharedby entirescienti£cresearchcommunities.

A secondnew componentof the centerstrategy addressesanotherchangein the practiceof scienti£c
computing.In recentyearsrapidincreasesin availablenetworkingbandwidth,combinedwith continuing
increasesin computerperformance,aremakingpossibleanunprecedentedsimultaneousintegrationof
computationalsimulationwith theoryandexperiment.This changewill have a fundamentalimpacton
areasof sciencethathave not yet mademuchuseof high-endcomputing.By deploying critical partsof
a Uni£edScienceEnvironment(USE),NERSCanticipatesplayinga key role in theemergenceof a new
paradigmin computationalscience.

Supercomputercentersworldwidemustcontinueto enhancetheirsuccessfulroleasacentersthatbridge
thegapbetweenadvanceddevelopmentin computerscienceandmathematicsononehand,andscienti£c
researchin thephysical,chemical,biological,andearthsciencesontheother. Implementingsuchastrat-
egy will positionNERSCandothercentersin theUS to continueto enhancethescienti£cproductivity
of thecomputationalphysicscommunity, andto beanindispensabletool for scienti£cdiscovery.
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Cosmologyconfrontssomeof themostfundamentalquestionsin thewholeof science.How andwhen
did ouruniversebegin?Whatis it madeof?How did it acquireits currentappearance?How will it end?
Therehasbeenenormousprogressover thepast£fty yearstowardsansweringthesequestions.Thereis
now incontrovertibleevidencethatouruniversebeganabout13billion yearsagoin ahot,densephase–
theBig Bang– andthatmostof its materialcontenttodayconsistsof invisible “dark matter,” very likely
madeup of exotic elementaryparticles.The radiationgeneratedby the primordial £reball is detected
todayasa backgroundof microwaves andthis providesa direct window to the early universe.In the
1990sastronomersdiscoveredtiny ripplesin this radiation,thefossil recordsof primordial irregularities
whichhavebeenampli£edby thegravity of thedarkmatterto producetherich varietyof structuresseen
todayin largegalaxysurveys.Precisemeasurementsshow thatthepropertiesof theseirregularitiesagree
remarkablywell with thepredictionsof the“in¤ationary” theoryof theearlyuniverse.

Using the laws of Physics,computersimulationsrecreatetheevolution of theuniverseandprovide the
meansfor connectingobjectsor ‘events’ observed at widely differentcosmicepochs.On thescalesof
galaxiesandclusters,theevolution is complex andinvolvesnot only gravitational interactions,but also
gasdynamicandradiativeeffectsassociatedwith thegasthatultimatelyendsup in thestarsthatmakeup
thegalaxies.Cosmologicalsimulationspresenta formidablecomputationalchallengenot only because
of the non-linearnatureof the problem,but also becauseof the hugerangeof scalesinvolved. The
processesthat leadto theformationof an individual staroperateon a lengthscaleat leastonehundred
million timessmallerthanthe sizeof the largestgalaxystructuresseenin the universe.To overcome
theseproblems,cosmologistshave devisedef£cientalgorithms,includingnovel methodsfor computing
theevolution of N-bodyand¤uiddynamicalsystems[1].

In spiteof its apparentcomplexity, the cosmologicalproblemis betterposedthanmostcomputational
problemsin Physicsor Biology: the initial conditionsareknown precisely, from the ripplesin the mi-
crowave backgroundradiationand from early universePhysics.Startingfrom suchinitial conditions,
cosmologicalsimulationsfollow thecoupledevolutionof darkmatterandgasinto thepresentday, recre-
ating themajoreventswhich have shapedour Universe:the irradiationof theprimordialplasmaby the
earliestquasarsandstars,themotionof primordialhydrogengascloudsandtheiraccretionontospinning
dark matterclumps,the growth of dark matterhalosandgalaxieswithin themby repeatedmergersof
substructures,theemergenceof spiralgalaxieslike theMilk y Wayandof thegreataggregatesof galaxies
like theComacluster. Theoutputof a simulationis avirtual universe.Findingthebestmatchto thereal
one,revealsthemodelassumptionsandparametervaluesthatbestdescribeourUniverse[2].

In this talk, I will review thesuccessesandsomeof the futurechallengesfacedby computationalcos-
mology. I will arguethatalthoughsomefundamentalissuesremainto besettled,a coherentpictureof
cosmicevolution is beginningto emerge.
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Numericalsimulationhasbecomeoneof themajortopicsin ComputationalScience.To promotemodel-
ling andsimulationof complex problemsnew strategiesareneededallowing for the solutionof large,
complex modelsystems.Crucialissuesfor suchstrategiesarereliability, ef£ciency, robustness,usability,
andversatility. After discussingtheneedsof large-scalesimulationwe point outbasicsimulationstrate-
giessuchasadaptivity, parallelismandmultigrid solvers.Thesestrategiesarecombinedin thesimulation
systemUG (UnstructuredGrids) beingpresentedin thefollowing. In thesecondpartof theseminarwe
show theapplicationof thesestrategiesto thesimulationof processesfrom computationalmechanics.In
particularwewill show resultsof 3delasto-plasticcomputationsaswell astwo-phase¤ow computations
of risingair bubblesin wateranddensity-drivengroundwater¤ow. In theseexampleswewill alsodiscuss
issuesof reliability andvalidation.
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Many differentde£nitionsof complex systemshave beengiven,but oneof the mostcommonde£nes
a complex systemasa systemcomposedof many interactingparts,or agents.Societies,the Internet,
ecosystems,andmarketsarefrequentlycitedexamplesof suchsystems.Much researchhasfocusedon
the natureof the agentsin thesesystems,andmuchon the natureof the interactionsbetweenagents.
Until recentlyhowever little attentionhasbeenpaid to thepatternof interactionbetweenagents– who
is connectedto whom – althoughwith hindsight it is clear that understandingthis patternis crucial
to understandingthe systemasa whole.The interactionsbetweenagentsin a complex systemform a
network or graph.In this talk I will discussthe structureof somereal-world networks, andwhat that
structureimpliesfor ourmodelingof complex systems.

I will show a numberof examplesof networksfor which goodstructuraldataexist, includingtheInter-
netandtheWorld-Wide Web,collaborationnetworksof scientistsandbusiness-peopleandothersocial
networks,andfood webs.I will focuson threespeci£cstatisticpropertiesof thesenetworks:

1. the “small world” effect, in which the averagedistancethroughthe network betweenrandomly
chosenpairsof agentsis short– usuallyonly logarithmicin thevolumeof thesystem;

2. “clustering” in networks, in which agentsform into communitieswith high local connectivity,
indicatedby high network transitivity or a largevalueof theso-calledclusteringcoef£cient;

3. right-skewed degreedistributions,wheretherearetypically a small numberof agentsin thenet-
work thatareconnectedto verymany others,andmany thatareconnectedto only afew. Oftenthe
degreedistribution is foundto follow a power law, althoughexponentialandtruncatedpower-law
distributionsarecommontoo.

I will discusssomerecentlyproposedmodelsof networksthatshow thesecharacteristics,andgivesome
examplesof how they arebeingusedin thestudyof complex systems,particularlytheInternetandsocial
networks.I will alsoshow resultsfrom avarietyof simulationsdemonstratingthatdynamicsoncomplex
networks is entirely unlike dynamicson regular lattices[1, 2, 3, 4]. Theseresultsmake it clearthat to
gaina full understandingof complex systemswe needto develop themathematicalandcomputational
techniquesto handlesystemswith network structureof thekind describedhere.
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Cluster percolation and thermal critical behavior
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Continuousphasetransitionsin simplespinsystemscanbeformulatedaspercolationof suitablyde£ned
clusters.We review this equivalenceanddiscusshow it canbe extendedto includelongerrangeinter-
actions,£niteexternal£eldsand£rst ordertransitions.We thensurvey £rst attemptsto treattheQCD
decon£nementtransitionbetweenhadronicmatteranda quark-gluonplasmain termsof percolation.
Finally, wespeculateonapossiblegeneralizationof critical behavior basedonthepercolationtransition.
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Generalizedensemblesimulations of complexsystems
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Monte Carlo (MC) simulationsarean indispensabletool for the investigationof physicalmodels.The
mostef£cientMC weightsfor the calculationof physical,canonicalexpectationvaluesarenot neces-
sarily thoseof thecanonicalensemble,but theuseof suitablygeneralizedensemblescanleadto much
fasterconvergence.Althoughnot realizedby nature,theseensemblescanbeimplementedoncomputers.

In recentyearsthe generalizedensembleapproachhasin particularbeenstudiedfor the simulationof
complex systems.For thesesystemsit is typical thatcon¤ictingconstraintsleadto freeenergy barriers,
which fragmentthecon£gurationspace.Examplesof majorinterestarespinglassesandproteins.In my
overview I will £rstcommentonthestrengthsandweaknessesof afew majorapproaches,includingpar-
allel tempering,multicanonicalandtransitionvariablemethods.Subsequently, selectedexamplesfrom
applicationsto spinglassesandproteinswill bepresented.

For a review of thegeneralizedensembleapproachin thecontext of proteinfolding seeHansmannand
Okamoto[1]. Themulticanonicalapproach,to someextentalongwith paralleltemperingandtransition
variablemethods,is reviewed in Ref.[2]. The featuredapplicationswill includeHelix-coil transitions
of amino-acidhomo-oligomersin anaqueoussolution[3] anda new analysisof theParisi overlapdis-
tribution from a simulationof the 3d Edwards-AndersonIsing spin glassby Billoire, Janke and the
speaker [4].
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Cluster Monte Carlo: Extending the range

H.W.J. BlöteB�F C , J.R. Heringa B and E. Luijten JD
Laboratory of AppliedPhysics,Delft University of Technology, Lorentzweg 1,

P.O.Box5046,2600GADelft, TheNetherlandsE
InstituutLorentz,LeidenUniversity, NielsBohrweg 2,

P.O.Box9506,2300RALeiden,TheNetherlandsK
Institutefor PhysicalScience& Technology, University of Maryland,College Park,

MD 20742-2431,USA

£rst author: tel. (+31) (0)152786156,FAX(+31) (0)152786081,
e-mailbloete@tnw.tudelft.nl

MonteCarlosimulationsof latticemodelsfrequentlyuselocalupdates.Nearcriticality, suchalgorithms
suffer from thecritical-slowing-down phenomenon.Clusteralgorithms,whichusenonlocalupdates,can
suppressthis phenomenonandtherebyachieve muchbetterstatisticalaccuracies.Thegainin ef£ciency
with respectto local algorithmsdependson the systemsize,andstill variesfrom caseto case.It can
reachextremeproportions,for instanceafactor L6HNM in thecaseof aninvestigationof anIsingmodelwith
long-rangeinteractions[1]. However, thesenonlocalalgorithmsarenot aseasyto generalizeas local
(Metropolis-type)algorithmsandthusrestrictedto a limited rangeof applicability.

Wereview anumberof existingclusteralgorithms,andpresentnew ones.Thesuccessof suchalgorithms
obviously dependson two conditions:£rst oneneedsa proof of detailedbalance,so that onecanbe
assuredto obtainan unbiasedsampleof the pertinentensemble;andsecond,the algorithmhasto be
ef£cientin comparisonwith localalgorithms.

In generalaclusteralgorithmcanbeformulatedonthebasisof asymmetrypropertyof themodel,i.e. the
Hamiltonianshouldbeinvariantunderthatsymmetry. Moreover thesymmetryoperationshouldbeself-
inverse.Thesetwo conditionsaresuf£cientto provedetailedbalance[2]. TheSwendsen-Wangalgorithm
[3] is thus basedon the O -statepermutationsymmetryof the Pottsmodel (or up-down symmetryin
the Ising case).The ‘geometricclusteralgorithm’ [2] usesinsteada spatialsymmetry, for instancethe
geometricinversionsymmetryof the lattice.TheHamiltonianof thechiral Pottsmodelis not invariant
undereachof thesesymmetryoperations.But a lattice inversioncombinedwith an inversionof the O
PottsstatesPRQTSVU.P mod O (where S is anarbitraryinteger) leavestheHamiltonianinvariant,andcan
thusserve asthebasisof anonlocalMonteCarloalgorithm.

For reasonsof ef£ciency, the percolationthresholdof the cluster-formation processshouldpreferably
coincidewith the critical point. In a numberof cases,suchas the Swendsen-Wangalgorithmandthe
geometricclusteralgorithmappliedto thePottsmodel,this coincidencecanbeproved.

However, even in theabsenceof this coincidence,theef£ciency of nonlocalalgorithmscanfar exceed
that of local methods.This situationwas realizedin a recentapplicationof a clusteralgorithmto an
Ising modelwith two- andthree-spininteractions,investigatedearlierwith a special-purposecomputer
[4]. Thenew resultsenablea fairly accurateestimateof thespeci£c-heatexponent,closeto W@XZY6[6G as
expectedfor the4-statePottsuniversalityclass.
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1. E. Luijten andH.W.J.Blöte,Int. J.Mod. Phys.C6 359(1995).
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Go-with-the-winners simulations
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In many problemsof statisticalphysicsoneis interestedin taking randomsamplesaccordingto some
prescribednon-uniformmeasure.Thesesamplesarethendominatedby apriori rareevents.Wediscussa
classof algorithmswhich– in contrastto Markov chainMonteCarlo– aresimilar in spirit to evolutionary
algorithms.Like the latter, they use”population control” to clone ‘good’ and to kill ‘bad’ instances
(con£gurations,paths,...),but suchthatall expectationvaluesareobtainedcorrectly. Suchstrategieshave
beenusedsincelong time for (diffusion type) quantumMonte Carlo andfor polymersimulations,but
their generalusefulnesswasfully appreciatedonly recently. We presentnew applicationsto polymers,
DNA melting, percolation,lattice animals,the alignmentof DNA sequences,and simple population
dynamicsmodels.
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Electronic structur ecalculationsof solidsusing the WIEN2k
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Thequantummechanicaldescriptionof solidsrequiresthecalculationof theelectronicstructurewhich
is mainly donewithin DensityFunctionalTheory(DFT). The correspondingKohn-Shamone-electron
equationscanbe solved by several techniques.Oneamongthe mostaccurateschemesis basedon the
LinearizedAugmentedPlaneWave (LAPW) method,in which the unit cell is partitionedinto spheres
centeredat all atomic sitesand the remaininginterstitial region. In the latter the wave functionsare
expandedinto planewaves(PWs)eachof which areaugmentedby atomicsolutionsin form of partial
waves,i.e. a radial functiontimessphericalharmonics.In LAPW theenergy dependenceof eachradial
function (for given azimuthalquantumnumber \ ) is linearizedby taking a linear combinationof the
solution] at a £xedlinearizationenergy andits energy derivative ^] computedat thesameenergy. Each
PW is joinedcontinuously(in valueandslope)to theone-centersolutionde£ningtherelative weightof] and ^] .

Thetreatmentof high-lyingsemi-corestateswith aprincipalquantumnumberwhich is onelessthanfor
thevalencestatescanbeef£cientlyhandledby extendingtheLAPW basissetwith local orbitals(LOs),
whicharecompletelycon£nedinsidethecorrespondingsphere.

Recentlyanalternative approachwasproposed,namelytheAPW + lo (local orbital) method[1]. Here
theaugmentationis similar to theoriginal APW schemebut eachradial wave function is computedat
a £xed linearizationenergy in order to avoid the non-lineareigenvalue problemthat complicatedthe
original APW scheme.Thusonly the conditionof continuity canbe requiredand the basisfunctions
maycontainakink at thesphereboundary. Themissingvariationalfreedomcanberecoveredby adding
anothertype of local orbital containingthe ^] . Recenttestshave shown [2] that this new schemeleads
to thesameresultasLAPW but convergessigni£cantlyfaster, sincethenew basisis lessconstraint.For
large systemsthematrix sizecanbe nearlyhalved reducingthecomputationeffort by almostan order
of magnitude.Theef£cientAPW+lo basissetrequires- dueto thediscontinuityin slopeat thesphere
boundary- additionaladaptationssuchassurfacetermse.g.in thecalculationof forces.

TheAPW+lo schemehasbeenimplementedinto theWIEN code[3] andwill bethedefaultoptionin the
new WIEN2k version.For furtherdetailsseewww.wien2k.at[4]. New featuressuchasa moreaccurate
treatmentof the spin orbit couplingandthe implementationof LDA+U for highly correlatedsystems
shouldbe mentioned.In additionto the methodimprovementsa coarse(on the k-point level) and£ne
grainparallelizationwith optimizedalgorithmsfor theeigensolver allows to treatlargesystemsrelevant
for materialsscience.

I ampleasedto acknowledgethehelpof theco-authorsof theWIEN2k code[4] andmany personswho
have contributedto thedevelopmentandimprovementof this code.
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MonteCarlo(MC) simulationshavesuccessfullybeenusedin studyingvarious£eldsincludingstatistical
physics,statisticalsciences,optimizationproblems,andsoon.TheconventionalMC algorithmbasedon
local updatingprocessesin canonicalensembleis, however, known to be inef£cient for the so-called
hardly-relaxingproblems.A typical exampleoccursin systemswith con¤ictingconstraintsuchasspin
glasses(SG),optimizationproblemsandpolymers.Thesesystemscommonlyhavenumerouslocal free-
energy minimawhichareseparatedto eachotherby energy barriers.Thecharacteristictimefor escaping
from oneof suchlocalminimaincreasesrapidlyastemperaturedecreases,andequilibrationof thesystem
is hardlyrealized.

An improvementhas recently beendevelopedon MC algorithm basedon the idea of an extended
ensemble[1]. Namely, the ensembleor the weight to be simulatedis modi£edor extendedin sucha
way thatthesystemvisits morefrequentlyto stateswhich arelessor hardlyvisitedby theconventional
MC algorithm.The multicanonicalmethod,the simulatedtempering(expandedensemble)andtheex-
changeMC method(parallel tempering)belongto this category calledthe extendedensemblemethod.
Thesemethodshave beenappliedto varioushardly-relaxingsystemsandturnedout to bequiteuseful.

Webrie¤yreview theexchangeMC methodasanexampleof theextendedensemblemethod.Wereport
numericalresultsof theexchangeMC simulationson hardly-relaxingproblems.By makinguseof the
method,we have studiedshort-rangeEdwards-AndersonSGmodels,which is a typical caseexhibiting
thehardly-relaxingproblem.It is foundthata characteristictime scalefor equilibrationin theexchange
MC methodis largely reducedas comparedwith that of the conventionalMC method.As a result,
equilibriumaveragecanbeobtainedwithin muchshorterMC stepsat low temperatures.Weshow aclear
evidenceof a£nite-temperaturephasetransitionwith strongorderingof theshort-rangeSGmodels[2, 3],
hardly observed in the previous works. We alsopresentanotherapplicationto a kind of optimization
problem.
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Singlewalledcarbonnanotubesasall-carbonmoleculesof tubular form exemplify modernnanometre
scalematerialstructures,wherethenumberof atomsrangefrom lessthana million up to few millions.
Thus suchsystemscanbe studiedquite accuratelyand realisticallywith computationalmethodslike
MolecularDynamicssimulations,renderingthesestudiesin a way predictive. This point of view we try
to explore throughsimulationsof novel ring-like carbonnanotubes,observed experimentally. Whether
thesestructuresare toroidal or coiled is underdebate.To this questionwe seekinsight by studying
the structure,the minimum energy con£guration,andthe thermalstability of large toroidal nanotubes
of (n,n)- and(n,0)-helicityusinglarge scaleMolecularDynamicssimulationsbasedon the interaction
potentialby Brenner. Our simulationsindicatethatthetoroidalform in¤uencesstronglythestructureof
thetubesfor small tori while for thelarger tori thestructuralchangesareextremelysmall.We also£nd
thatthereexistsacritical tuberadiusdependentbucklingradiusatwhichthetorusbuckles.Thiswasalso
foundto behelicity dependent.
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Recently, a new methodfor reconstructionof atom-atompair interactionpotentialsfrom a known set
of radial distribution functions(RDF) within the Monte Carlo simulationschemehasbeensuggested
[1]. It canbeproved that for any setof RDFs,thereexistsa uniquesetof pairwiseeffective potentials
reproducingthe original RDFs.The suggestedmethodallows oneto £nd the interactionpotentialsin
a procedure,similar to solution of a non-linearmulti-dimensionalequationby the Newton-Raphson
method.Oneachiterationstep,astatisticalevaluationof Jacobianof transformation:interactionpotentialQ RDF, in agrid approximationis carriedout in orderto “re£ne” interactionpotentials.

Two applicationsareconsidered.First oneis calculationof effective potentialsfor simpli£ed(coarse-
grained)molecularmodels,without taking into accountall molecular(e.gsolvent)degreesof freedom.
This setof potentialscanbeusedfor molecularsimulationson a substantiallylargerscale.Thegeneral
schemeof this approachstartsfrom a simulationof a detailedsystemon thefull-atomic level, which is
normallycarriedoutby moleculardynamicsandyieldsasetof RDFsbetweeninterestingsetsof atoms,
for examplebetweensolutemoleculesin a solvent.TheobtainedRDF-sarethenusedto derive theef-
fective potentialsfor simpli£ed(continuumsolvent) models.Thenthe obtainedpotentialscanbe used
for simulationsof the very samesystemwithout explicit accountof solvent molecules,which permits
simulationsof muchbiggersystems.The approachis illustratedby calculatingthe effective potentials
betweenNa_ andCl ` ions in watersolutionandbetweentheionsandDNA molecule.Theseeffective
potentialshave beenusedto calculaterelative bindingaf£nitiesof differentalkali ions to DNA. In an-
otherwork, theion-ioneffective potentialshavebeenpluggedin into thehyppernettedchainequationto
calculateeffective forcesin electricaldoublelayer.

Thesecondapplicationconcernscalculationsof effective atom-atompotentialsfrom ab-initio RDF, ob-
tainedin Car-ParrinelloMD simulations.Themethodis appliedfor calculationof theeffective pairwise
potentialbetweenhydrogensandoxygensatomsin a three-pointwatermodel,andbetweena!b _ ion and
classicalSPCwatermodel.Propertiesof theobtainedin thiswaymolecularmodelsarediscussed.

Other possibleapplicationsof the inverseMonte Carlo methodto constructeffective potentialsfor
coarse-grainedmodelsandto bridgethe time- andlength-scalegapin computersimulationsaredis-
cussedbrie¤y.
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The alignmentof liquid crystalsat surfacesplays a key role for the designof liquid crystal display
devices[1]. Surfaceswith graftedliquid-crystallinepolymer brusheshave beensuggestedas possible
candidatesfor alignmentlayers[2, 3]. Theoreticalconsiderationspredictthattheorientationof theliquid
crystal in the bulk canbe manipulatedundercertainconditionsby varying the grafting densityof the
brush[2]. Sofar, therehave beennocomputersimulationsof suchsystems.

We have investigatedthein¤uenceof swollen liquid-crystallinepolymerbrusheson theorientationof a
nematicsolventby MonteCarlosimulations.The liquid crystallineparticlesaremodeledby soft ellip-
soids,andthepolymersby chainsof suchparticles.Thesubstrateis chosensuchthatit inducesaplanar
orientation(parallelto thesurface)in nearbysolventmolecules.An appropriatelymodi£edversionof the
con£gurationalbiasMonteCarloalgorithm[4] hasbeenimplemented,which removesandredistributes
chainbondsratherthanwholemonomers.With this algorithm,a wide rangeof graftingdensitiescould
bestudied.

Dependingon the grafting density, we £nd threeregimes:Planar, tilted, andperpendicularalignment.
At low graftingdensities,thealignmentis mainly drivenby thesubstrate.At highgraftingdensities,the
substrategraduallylosesits in¤uenceandthe alignmentis insteaddeterminedby the structureof the
interfacebetweenthebrushandthepuresolvent.
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Kinetics of wetting at surfaces
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Therehasbeenmuchinterestin thedynamicsof phaseseparationof binarymixtures(AB), which have
beenrenderedthermodynamicallyunstableby a rapidquenchbelow thecritical temperature.Typically,
the unstablemixture segregatesinto domainswhich areenrichedin eitherof the components.These
domainscoarsenwith time andarecharacterizedby a time-dependentlengthscaleadc*e�f , wheree is the
timeafterthequench.Thereis now areasonableunderstandingof thevariousmechanismswhichenable
bulk phaseseparation[1].

In this talk, we will focuson the experimentallyinterestingsituationof an unstablebinary mixture in
contactwith a surfacewhich hasa preferencefor oneof thecomponentsof themixture [2]. Thereare
two dynamicalprocessesinvolved,i.e., thekineticsof wettingat thesurface;andthedynamicsof phase
separationin thebulk. In earlierwork, we have formulatedphenomenologicalmodelsfor this physical
situation[3].

Thepresentwork describescomprehensive Langevin simulationsof thismodelin conjunctionwith sim-
ple analyticalarguments.In particular, we focuson thekineticsof thewetting layerat thesurfaceasa
functionof themixturecomposition.
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Con£ninga binarymixture,onecanprofoundlyalter its miscibility behaviour. Thephasebehaviour ofgih
mixturesin pores,slitsand£lmshasattractedinterestfrom boththeoristsandexperimentalists.The

qualitative featuresof the miscibility in con£nedgeometryareratheruniversalandsharedby polymer
mixturesaswell assmallmolecules.Symmetricbinarypolymerblendsare,however, particularlywell
suitedto studytheinterplaybetweenwettingandmiscibility, because(i) thewettingtransitiontempera-
ture typically is muchlower thancritical temperature,wherethe demixingoccursin the bulk, and(ii)
¤uctuationscanbe controlledby thedegreeof interdigitation.The moreextendedthe moleculeis, the
largeris thenumberof neighboursit interactswith, andthesmallertheeffectof ¤uctuations.Thespatial
extensionof themoleculesalsofacilitatesexperimentalinvestigations.

We studythe interplaybetweenwettingandmiscibility of a symmetric
gih

polymermixturevia large
scaleMonteCarlosimulationsin theframework of thebond¤uctuationmodelandvia numericalself–
consistent£eldcalculations.The £lm surfacesinteractwith the monomersvia shortrangedpotentials.
Onesurfaceattractsthe

g
componentof themixtureandthecorrespondingsemi–in£nitesystemexhibits

a£rstorderwettingtransition.Thewettingtransitioncanbeaccuratelylocatedin thesimulationsvia the
Youngequation[1].
Thesurfaceinteractionof theoppositesurfaceis variedasto studythecrossover from capillaryconden-
sationfor symmetricsurface£eldsto theinterfacelocalisation/delocalisation transitionfor antisymmetric
surface£elds.In theformercasethephasediagramhasasinglecritical pointcloseto thecritical pointof
demixingin thebulk. In thelattercasethephasediagramexhibits two critical pointswhich correspond
to the prewetting critical pointsof the semi–in£nitesystem.The crossover betweenthesequalitatively
differentlimiting behavioursoccursgradually;however, thecritical temperatureandthecritical compo-
sition exhibits anon–monotonicdependenceon thesurface£eld[2].
Westudythedependenceof thephasediagramon the£lm thicknessj for antisymmetricsurface£elds.
Upon decreasingthe £lm thicknessthe two critical points approachthe symmetryaxis of the phase
diagram,and below a certain thicknessjlknmno , thereremainsonly a single critical point at symmetric
composition.This correspondsto a secondorderinterfacelocalisation/delocalisation transition.At j kpm*o
tricritical behaviour is found[3].
The critical behaviour and the role of ¤uctuationsis investigatedby Monte Carlo simulations.In the
vicinity of thetricritical point thereis arich crossoverbetweentwo–dimensionalIsingcritical behaviour,
tricritical behaviour and their mean£eld counterparts.Fluctuationsarealso importantaway from the
critical pointsandwe presentevidencefor a renormalisationof theeffective interfacepotential(i.e., the
interactionbetweenthe

gih
interfaceandthesurface)by capillarywavesof theinterface[4].
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Augmentingthe scaleinvarianceof a statisticalphysicssystemat criticality by the additionalsymme-
triesof rotational,translationalandinversioninvarianceleadsto theconformalsymmetrygroup.In two
dimensions(2D), wherethis groupis in£nite-dimensional,the emerging conformal£eld theory(CFT)
providesacomplete(continuum)solutionof critical systems,in particularcomprising£nite-sizescaling
(FSS)laws includingtheamplitudes. For anin£nitely long cylinder qiB-rtsvu with circumferencea , this
implies in the large-distancelimit of a critical two-point correlationfunctionof a primaryoperatorw a
longitudinalcorrelationlengthof x y X g az|{ (1)

with z beingthescalingdimensionof w and
g X}L6[6Y�~ [1].

While theCFTargumentbreaksdown for three-dimensional(3D) systemsof geometryq B r8q B r�svu , a
transfermatrix studyof theIsing model[2] showedagreementwith Eq. (1) for thecaseof antiperiodic
boundaryconditionsalongthetorusdirections.Usinganelaboratesetof simulationaltoolsandstatisti-
cally optimizedmethodsof dataanalysiswe investigatethescalingbehavior of thecorrelationlengths
of 3D classicalO(� ) spinmodelswith Wolff cluster-updateMonteCarlosimulations.Our resultsfor the
Ising (�.XZL ), theXY (�.XZY ), theHeisenberg (��X�G ) andthe �.X�L6H generalizedHeisenberg models
indicatethevalidity of thescalingrelation(1) for thementionedgeometryandthecaseof antiperiodic
boundaryconditionsat a high level of precision[3]. Theamplitude

g
of Eq. (1), however, now depends

on themodelunderconsideration,indicatinga reductionin theuniversalityof this statement.Basedon
furthersimulationsfor thecaseof periodicboundaryconditionswe proposea generalizedscalingrela-
tion involving anadditionaluniversalfactordependingon theboundaryconditionsonly [3]. A striking
mismatchof the ��Q�� extrapolationof our numericalresultsagainstanalyticalcalculationsis traced
backto abreakdown of theidenti£cationof this limit with thesphericalmodelin thecaseof multi-point
correlationfunctionsof localoperators[3].

For thesphericalgeometryq�� ` B�rRsvu someformal generalizationof statement(1) is possible[1]; it is
unclear, however, to whichoperatorsit shouldapply. Usingslightly irregulardiscretizationsof thesphereq!C wecheckedwith MonteCarlosimulationsfor thevalidity of thisscalingrelationandfoundit ful£lled
for theIsingmodelandthecorrelationlengthsof thedensitiesof magnetizationandenergy [4]. Thelevel
of universalityof this statementis still not completelyexploredthough.
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Negativesignandcomplex actionproblemspreventthenumericalsolutionof numerousimportantprob-
lemsin physicsat energies rangingfrom meV to MeV andeven up to the Planckscale.For example,
a betterunderstandingof high-temperaturesuperconductivity is hinderedby severefermion signprob-
lems,latticesimulationsof QuantumChromodynamics(QCD) at non-zeroquarkdensitysuffer from a
notoriouscomplex actionproblem,andthematrix modelunderlyingstring theory(M-theory) alsohas
a signproblem.In all thesecases,theBoltzmannfactorsthatappearin theEuclideanpathintegral can
benegative or evencomplex, andcanhencenot be interpretedasprobabilitiesto generate£eldcon£g-
urationsusing importancesampling.As a consequence,asthe systemsize increases,naive numerical
approachesbecomeexponentiallyinef£cient.A generalstrategy for solvingtheseproblemsis to explic-
itly cancelall negative or complex contributionsto thepathintegral, andto treattheremainingpositive
contributionswith importancesamplingtechniques.In severalcases,this strategy canberealizedusing
theso-calledmeron-clusteralgorithm.A meron-clusteris aconglomeratof £eldvariableswhoseupdate
leadsto explicit cancellations.Themeron-clusteralgorithmhasledto acompletesolutionof thefermion
signproblemin attractive Hubbard-typemodels,of thecomplex actionproblemin thePottsmodelap-
proximationto denseQCD, aswell asof othersignproblems,for example,in quantumspin laddersin
anexternalmagnetic£eld.
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Simpledynamicsfor broadhistogram method
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TheBroadHistogramMethod(BHM)[1] is basedon theexact[2] equation

� c
��fV�}�i����c
��fd��X � c
�������=f��}�i�N��c
��������fd� {
valid for any system,completelygeneral.� c
��f countsthenumberof statessharingthesameenergy � ,
and ��� is a £xedenergy jump.For eachstate,� ��� countsthenumberof potentialmovements(single-
spin¤ips,for instance)which increasethecurrentenergy by theamount��� , while �=�N� correspondsto
energy decrementsby thesameamount.Thesequantitiesandtheaboveequation,bothintroducedin [1],
arealsothe basisfor a lot of othervery ef£cientmethodsaswell. The notation ���=c
��f�� standsfor
themicrocanonicalaverageof somequantity � . Thus,BHM consistsin: 1) measuring�}�i�N��c
��f�� and�}�i�N��c
�=fd� asfunctionsof � ; 2) usingtheabove equationin orderto determine� c
��f .
Microcanonicalaveragescanbe obtainedby Monte Carlo sampling,with the only constraintbeingto
randomlychoosethe averagingstateswith uniform probability amongall � c
��f stateswith energy� . Contraryto all reweightingor importantsamplingmethods,onedoesnot needto beconcernedwith
detailedbalancebetweendifferentenergy levels:microcanonicalaveragesandBHM itself donotdepend
on thenumberof visits to eachenergy level, ascomparedto others.Theonly role thenumberof visits
to eachlevel playsconcernsstatisticalaccuracy. This featureprovidesanenormousfreedomin choosing
thedynamicrule to beadopted.

Here,we presentnumericaltestsconcerninga simpledynamics[3], inspiredby another, older one[4]
introducedwithin adifferentcontext. First,oneneedsto choosesomeprotocolof real movementsto be
randomlyperformedon the currentstate(nothingto do with the virtual movementscorrespondingto�i��� and �i��� ). Among them,the maximumenergy jump is ��� (nothingto do with ��� ), to above or
to below thecurrentenergy. Then,for a £xedenergy � , thedynamicrule is: 1) to acceptany randomly
chosenmovementwhich keepsthe systeminside the energy window � � U���� { � �����¢¡ , rejectingit
otherwise;2) to measureaverageswhenever the systemreturnsto the £xed value � . No averagesare
takenin visitsto otherenergies.Thisis arejection-freedynamicrulefor theenergy level underaveraging.
This featureis supposedto avoid undesirablearti£cialbiases.Moreover, randomnumbersareusedonly
in order to choosethe next attemptedmovement(to choosewhich is the next spin to be ¤ipped,for
instance),never in order to decidewhetherto acceptthis movement.One doesnot needto compare
randomnumberswith pre-de£nedaccurateprobabilities,thusnohigh-qualityrandomnumbergenerators
arenecessary.
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WecarriedoutaMonteCarlosimulationof the ¤�¥ spinglassin threedimensions.[1, 2] TheHamiltonian
is givenby ¦¨§ U ©«ª B�F C ¬® F ¯�°

¥  ¯ P�±
©«²
 P�±

©«²
¯ { (1)

wherethe £rst summationrunsover two replicas,while the secondsummationrunsover all nearest-
neighborpairsof the Ising spinson a cubic lattice.The frustrationof the exchangeinteractions³6¥  ¯�´
generatesmany local minima in the free energy landscape.At low temperatures,the spinsmay freeze
into somecon£guration,andthis slow dynamicsis theessenceof thespin-glass“order.” Becauseof the
natureof thisorder, equilibrationof spinglassesin simulationsandexperimentsis oftenvery hard.

In the presentstudy, we reducedthe dif£culty of the slow dynamicssigni£cantlyby usinga bivariate
multicanonicalMonteCarlomethod.Multicanonicalsimulationsareperformedindependentof tempera-
tureor of a rangeof nearbytemperaturesandestimatethedensityof states.Fromit we canin principle
calculateexpectationvaluesat any temperature.

We discussthe natureof the ground-statedegeneracy. Becauseof the discretizedenergy levels of the
Hamiltonian(1), thereis alwaysmultipledegeneracy in thegroundstateof the ¤�¥ model.Ournumerical
resultsindeedindicatetheresidualentropy. Thequestion,however, is whetherthemultiple degeneracy
is microscopicor macroscopic.We de£nea toy model for the ground-statedegeneracy, wherelocal
spin ¤ips result in the residualentropy. The toy modelshows the microscopicmultiple degeneracy is
completelyconsistentwith the macroscopicdoubledegeneracy. Our numericalresultssuggestthat the
toy-modelscenarioof thedoubledegeneracy is, aftersomegeneralization,realizedin the ¤�¥ modelin
threedimensions.

Our main£ndingssupportingthedoubledegeneracy areasfollows: (1) theorder-parameterdistributionµ c
O¶f nearOl·}H decreasingat low temperaturesasthesystemsizeis increased,(2) theBinderparameter
approachingunity at low temperatures,and(3) theeffectof theground-statedegeneracy on momentsof
theoverlaporderparameter.
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Oneof the mostdif£cult problemsin simulatingdynamicsof physicalsystemsis that thereareoften
disparatetime scalesin theproblem.For example,herewe considerthestudyof thermalreversalof the
magnetizationof nanoscaleferromagnetsfollowing a£eldreversal.Theattemptfrequency whichenters
dynamicMonteCarlosimulationsfor suchsystemsis about10̀ B
B sec.Thetime scalesto besimulated
in this problemcorrespondsto the time for data integrity in information storage(yearsto decades).
Consequently, faster-than-real-time algorithmsfor simulatingsuchsystemsarenecessary— while the
algorithmscannotmodify theunderlyingphysicaldynamic.

The rejection-freemethodcalled the � -fold way [1] accomplishesthis goal at low temperaturesfor
discretespin models.The � -fold way algorithmcanbe many ordersof magnitudefasterthanstandard
dynamicMonteCarloalgorithms.A modi£cationof the � -fold wayalgorithmto discretetimeallows for
generalizationby includingthemethodologyof absorbingMarkov chainsin theMonteCarlosimulation
[2]. In certainregimesof metastabledecayof discreteferromagneticmodels,suchasthe Ising model,
this MCAMC (Monte Carlo with AbsorbingMarkov Chains)methodcanincreasesimulationtime by
morethat10 orders of magnitudecomparedwith the � -fold way method[2].

We have alsoimplementedrejection-freemethodson massively parallelcomputers[3]. This non-trivial
parallelizationis accomplishedby introducinga ‘virtual time’ oneeachblockof spinsthatareplacedon
a processor. Using a conservative techniqueto guardagainstcasualityviolations,we have proven that
thecomputationphaseof suchalgorithmsis scalable.This proof hasbeencon£rmedby usingup to 480
processingelementson aCrayT3E [3].

We have recentlybeenableto utilize ideasof the BroadHistogramMethodto obtaina rejection-free
algorithmthatis not restrictedto systemswith discretestates[4].

This talk will introducethe � -fold way, parallelrejection-free,andMCAMC algorithmsthat allow for
faster-than-real-timesimulationsfor discretespinmodels.Thesewill beappliedto dynamicMonteCarlo
studiesof theIsingferromagnet.Also therejection-freemethodfor dynamicsof continuousspinmodels,
appliedto theclassicalHeisenberg model,will bedescribed.
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We will discussthe rôle of visualizationin atomisticmodeling,presentingargumentsin favour and
discussingreasonswhy somemight £nd this dif£cult. Argumentsin favour includehelp in debugging,
help in understandingwhat is happeningin thesimulationandresultantinsightsinto thephysicsof the
systems.Visualizationfaciltatesdiscussionwith experimentalcollaboratorsandpresentation.

The MC andMD calculationsmadein the ComputationalPhysicsGroupat the Technionwill thenbe
described.Theseincludemodelingof diamond/graphitesystemsandaluminium/aluminainterfaces,as
well asstudyingdefectsin copperandvanadium.Someexamplesof new physicsresultsobtainedthru
ouroldervisualizationsof simulationsampleswill begiven[1].

After discussingproblemswith the implementationof existing visualizationsystemsfor our purposes
our new AViz[2] packagewill be introduced.Our selectionof Mesaand the QT GUI as well as the
optionswe have built into AViz will beexplained.Examplesof AViz’ usesuchasmodelingthecreation
of interstitialdefectsin diamond,andthebehaviour of a 50,000atomdropof aluminiumon analumina
surfacewill be presented.Sometricks for 3d visualization,suchas highlighting atomswith changed
coordinationnumbersandbondsaswell astheir implementationin AViz will bedescribed.

Visualizationof spinsystemsis alsopossiblewith AViz, asis thepreparationof animationsandmovies.
A discussionof how we aretrying to make our packageeasyfor othersto useandhow we have solved
possibleproblemswith visualizationsuchascostwill alsobegiven.AViz is OpenSource(GNU license)
andis downloadablefrom ourwebsitein .rpmfor LINUX[2 ]. Versionsfor othersystemsarein prepara-
tion, andwe arehappy to hearfrom otherswhowish to useAViz andhelpin its furtherdevelopment.
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Stochasticand dynamic properties
of molecular dynamicssystems:

Simple liquids, plasmaand electrolytes,polymers,etc.
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Molecular dynamicsmethod(MDM) suppliesto the solution of fundamentalcontradictionbetween
macroscopicirreversibility and microscopicreversibility with datawhich help to reveal the origin of
stochastizationin many particlesystems.Systemsof neutralparticles[1, 2], one-[3] andtwo-compo-
nent[4] stronglycoupledplasmasandpolymers[5]areanalyzed.Numericalintegrationserveasacoarse-
grainingprocedure.Theerrorsareessentialdueto Lyapunov exponentialinstabilityof theNewtonequa-
tions.Thevaluesof ¹ -entropy (Lyapunov exponent)for electronsandionscoincidewith eachother[4]
at theinitial stageof trajectoriesdivergence.Thesamecoincidenceof ¹ valuesfor differentdegreesof
freedomis foundfor polymersystem[5].

The concept[2, 3, 4, 5, 6] of dynamicmemorytime e»º is discussed.The conservation of energy �
only in averageis anotherconsequenceof the numericalintegration.The relationbetweene º , energy
¤uctuation��� and ¹ -entropy is treated.MDM is a methodwhich retainsNewtoniandynamicsonly at
the timeslessthan e
º andcarriesout a statisticalaveragingover initial conditionsalongthe trajectory
run.

Meaningof e
º for realsystemsis relatedto thequantumuncertainty, which might besmallbut always
£nite for any classicalsystemandin¤uenceuponparticletrajectoriesin a coarse-grainingmanner. The
intrinsic irreversibility arisesasa consequenceof measurementprocedurein quantummechanics.The
conceptof quasiclassicaltrajectoriesis introducedin MDM. Thevalueof e º is estimatedto bein pico-
secondrangefor atoms.

Experimentalevidence[7] for differentpathwaysfor hydrolysisandsynthesisof ATP andsomeother
forward andreverseenzymaticreactionsmeansviolation of the microscopicreversibility principle. If
therearetwo pathwaysalongthehypersufaceof potentialenergy betweeninitial and£nal statesthere
shouldbeat leasttwo bifurcationpoints.It is not Maxwell demonbut Lyapunov instability, smallquan-
tum stochastictermsandasymmetryof potentialrelief (with thermal¤uctuations)thatde£nethe local
choiceof reactionpathway in thebifurcationpoint.

Systemsfar from equilibriumandrelaxationprocessesarestudiedby MDM. ¹ -entropy valuesfor equi-
librium andnon-equilibriumcasesdiffer from eachotherremarkably. Non-equilibrium¹ -entropy value
coincideswith inverserelaxationtime.Systemswith several relaxationtimesarestudied.Examplesare
givenfor Lennard-Jonesliquids [2] andstronglycoupledplasmas.
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Simulation and event generationin high-energy physics
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High-energy physicsexperimentsatLHC B or LC areprobablythemostdemandingsites,whatsoever, for
high performancecomputingsystems.All requirementsseenin otherendeavors arestressedhere,only
at a higher level: hugenumberof datachannels(100 millions), high speeddatarecording(100KHz),
giganticdatabases(Terabytesperdayandmuchmorefor simulateddata),unprecedentedhigh level of
monitoring,safetyandsecurity. High-energy physicshasalwaysbeena front-runneranda testbedfor
new technologies.Even if the main goal is the improvementof matterandUniversebasicknowledge,
remotefrom any shorttermpracticalapplications,dueto its requirementsandto thestrongconnections
with appliedandtechnologyorientedresearches,it hadled to thedevelopmentof new analysistoolsor
evento new industries(i.e. synchrotronradiation,theInternet).
Simulationis theart of mimicking nature.All known experimentalresultsarereproducedby thebasic
theoryof fundamentalforces:the StandardModel (SM). This knowledgeis thecoreof the eventgen-
erationstagewhich predictsevent ratesanddifferentialdistributionsassociatedto a given processand
provides the energy, momentumandhelicity of each£nal stateparticle.Their subsequentinteractions
with thevariousdetectorsare£nelysimulatedleadingto thesameraw analogoutputthedetectorwould
have producedif hit by a similar realparticle.Thencomesthereconstructionprogram,blind to thedata
origin whetherreal or simulated.From all the detectorsdatapieces,it reconstructsthe full event and
rebuilds the original interaction.By comparingthe original simulatedevent andwhat hasbeenrecon-
structed,oneestimatestheaccuracy andtheef£ciency of thedetectors.By comparingthesimulatedand
therealdata,onecancheckthevalidity of theSM. In principle,any differencebetweenthesimulatedand
theexperimentaldatais asignfor new physics,notpredictedby theSM: aphysicsdiscovery. Simulation
is thereforeamandatorycomponentof any experimentfrom thedesignstageto the£nalresult.
The £rst link of the ”simulation chain” is the event generation,purely basedon the theoreticalknowl-
edgeof particleinteractions.Sincea few years,severalspeci£cpackageshave beendevelopedbasedon
theso-called”FeynmanDiagram”procedure.They canperformmostof thosecomputationsin an”au-
tomaticway” without humanintervention.However, the high experimentalprecisionrequiringhigher
orderdiagramcomputationsandthehigherenergy of theinitial stateshave led to a dramaticincreasein
thecomplexity of thosecomputations.Thenew conjecturedmodels(Supersymetry, Superstringtheories,
Higherdimension),embeddingSM but extendingits scope,hasled to a ¤urry of new hypotheticalpar-
ticleswhoseproductionrateandinteractioncomputationsmustbeperformed.Consequentlythenumber
andthecomputingtime of thosecalculationshave increaseddramatically, raisingnumerouscomputing
issuesconcerning:symbolicmanipulation,parallelcomputation,multi-dimensionalintegrationof singu-
lar integrants,highprecision¤oating-pointcalculationef£ciency anddatabasemanagement.
A shortdescriptionof someof thefully automatedpackages(like GraceC andCompHepC ) will begiven.
Someexamplesof thephysicsoutputwill bepresented.
In conclusionwe will stressthenecessityto build up anopenand¤exible computingframework ableto
embedmostof the toolswhich arebeingdevelopedworldwideandto increasefurthermorethe level of
automation.
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Critical phenomenamayoccurnotonly in thebulk but alsoat its surfaces.In thethree-dimensionalsemi-
in£niteIsingmodelwith short-rangeinteractionstwo typicalscenariosmaybeencountered:(i) bulk and
surfacemayorderat thesametemperature(ordinary transition), but with differentpower laws and(ii)
thesurfacemay order£rst (surface transition), dueto strongsurfacecouplings,followed by ordering
of thebulk (extraordinary transition) at thelowerbulk transitiontemperature.

At the surfacephasetransitions,edgeandcornerquantitiesalsopresentsingularities.For theordinary
transition,Cardy[1] notedthedependenceof edgecritical exponentson theopeninganglebetweenthe
surfacesforming thewedge.However, edgecritical propertiesat thesurfacetransitionhave beenlargely
overlooked.

In this contribution, I presentresultsof large-scalesimulations,usingMonteCarlotechniques,of three-
dimensionalIsingmodelswith edgesandcorners.In particular, at theordinarytransition,thecritical ex-
ponentsof theedgeandcornermagnetizationsof variousgeometries,computedwith theone-cluster-¤ip
algorithm,arecomparedto analyticalestimates[2]. At thesurfacetransition,edgeandcornermagneti-
zationsshow nonuniversal,coupling-dependentcritical behaviour in the thermodynamiclimit [3]. This
nonuniversalbehaviour of local quantitiesis dueto thetwo-dimensionalcharacterof thecritical ¤uctu-
ationsat this transition.Intriguing magnetizationpro£les,showing thein¤uenceof thedisorderedbulk,
arediscussed.The simulationalresultsobtainedat the surfacetransitonfor three-dimensionalmodels
with edgesandcornersarecomparedto exact £ndingson critical two-dimensionalIsing modelswith
differenttypesof defects.

Nonuniversallocal critical behaviour is alsoobserved in thin Ising £lmswith additionallinesof atoms
on thesurface[4]. Thedependenceof thesenonuniversalfeatureson the local couplingsaswell ason
the£lm thicknessis brie¤ydiscussed.
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Ab initio surfaceenergiesand the oxidation of NiAl(110):
Can wepredict growth modesof the oxide layer?

A. Alavi and A.Y. Lozovoi
Departmentof Chemistry
University of Cambridge

alavi@theor.ch.cam.ac.uk

Reactivity at metalsurfacesis of widespreadimportancein chemistryandmaterialsscience( for exam-
ple in heterogeneouscatalysis,oxidation,corrosion,metal/oxideinterfacesetc).Becauseof the strong
chemicalinteractionbetweenthesubstrate( metalsurface)andadsorbate,modellingbasedon ab-initio
electronic-structure theory(DFT) is indispensible.On theotherhand,to beableto make predictionsre-
gardingthethermodynamicbehaviour of thesurfacesrequirescalculationof thesurfacefreeenergiesas
functionof externalparameterssuchastemperature,pressure,andcomposition.An essentialelementin
thecalculationof surfaceenergiesis thecalculationof bulk chemicalpotentials.These,in practice,can
only becomputedin conjunctionwith statisticalmechanicalmodels.

In this talk, wewill discussamethodof calculatingsurfaceenergiesfor oxidisingsurfacesof intermetal-
lic compounds,takingNiAl asourexample.In thissystem,theaf£nity for oxygenof Al is muchgreater
thanthatof Ni. As a result,theoxidationof thesurfaceinduceslarge-scalestiochiometricredistribution
of thespeciescloseto thevicinity of thesurface.Thesurfaceenergiesturnout to beremarkablysensitive
to the surfacecomposition(in particularthe Ni content).We show that at low temperatures,whenthe
stiochiometricredistribution cannottake placedueto large kinetic barriers,thesurfaceenergy calcula-
tionsindicatethatoxidisingsurfaceshouldgrow in a layer-by-layermanner. Allowing for redistribution
(by annealingfrom a high temperature),however, shouldleadto changein thegrowth-mode,to island-
growth. Very recentelectron-microscopy experimentsof in-situ oxidationat low andhigh temperatures
supportthis idea.

We show that a fruitful interplaybetweenab-initio andstatisticalmechanicalmodellingcango a long
way in describingsurfacethermodynamicswhich, becauseof the very limited time andlengthscales
accessibleto theab-initio simulations,wouldbevirtually impossiblein adirectsimulation.
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Complex systems[1] are,in general,out of a thermodynamicequilibrium state.Their instabilities,of-
tendescribedasnonequilibriumphasetransitions,areassociatedwith patternformation,morphogenesis,
andself-organization,which connectthemicroscopiclevel of simpleinteractingunitswith thecoherent
structuresobserved, for example,in organismsandcommunities.Detailedinvestigationof phasetran-
sitions in simplemodelsout of equilibrium is thereforemost interesting.The simplestanalysisis for
lattice modelswhich representvery variedsituationsincluding, for instance,avalanchesin sandpiles,
driven¤uidsandtraf£c models,contactprocesses,reactionscompetingwith diffusion,surfacecatalytic
reactions,branchingannihilatingrandomwalks,andsequentialadsorption[2]. Giventheabsenceof both
generalunifying principlesfor this variedsetof modelsanda generalformalism,analogousto equilib-
rium statisticalmechanics,the£eldpresentsa particularchallengeto theoreticalphysics.

I shallillustratein thistalk,by meansof simple,latticeexamplesthatviolatetheprincipleof detailedbal-
ance[3,4], someof thediversityof nonequilibriumphasetransitions.Notethattheterm”nonequilibrium
phasetransition” representsnot a super£cialresemblanceto equilibriumphenomena,but a preciseuse
of theterms”phase”and”phasetransition”in their statisticalmechanicssense.Evenin theabsenceof a
freeenergy, wecanrecognizeaphaseof amany-particlesystemfrom well-de£nedrelationsbetweenits
distribution functionsandtheparametersgoverningits dynamics.A phasetransitionis characterizedby
asingulardependenceof theseattributesuponthecontrolparameters.Fromthisvantage,equilibriumis a
specialcase,in whichthedynamicshappensto bederivablefrom anenergy function,therebypermitting
an analysiswith no referenceto time. Out of equilibrium onemustactually£nd the time-independent
solution(s)of themasterequationfor theprocess.This is a formidabletaskandcanonly becarriedout
approximatelyfor somelatticemodels.[2]

A well-known disadvantageof latticemodelsis thatthey areusuallytoocrudeto bedirectlycomparable
with experiment.In fact, if oneis interestedin predictinga nonequilibriumphasediagram,it is better,
for casesin which¤uctuationsareof minorsigni£cance,to employ amacroscopicdescription,i.e.,aset
of (deterministic)partial differentialequations.However, macroscopicdescriptionshold little surprise
in the way of criticality; mean-£eldbehavior is implicit at this level. The rangeof critical phenomena
exhibitedby ourmodels[2,3,4],by contrast,is at leastasinterestingasin equilibrium.
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Dynamic transitions in pure ising magnetsunder pulsed&
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Responseof pure Ising systemsto time-dependentexternalmagnetic£elds,like oscillatingor pulsed
£elds,will be discussed[1,2]. Becauseof the two time scalesinvolved, namely the thermodynamic
relaxationtimeof thesystemandthetimeperiodor pulsewidth of theexternal£eld,dynamicallybroken
symmetricphasesappearwhenbothbecomecomparable.A particularlysimplecaseis thatof an Ising
magnetbelow its staticcritical temperature,whenit is perturbedby a pulsedmagnetic£eldcompeting
with theexisting orderfor a shortduration.Themagnetisationreversaltransitionhereshows intriguing
dynamictransitionbehaviour. Mean£eldtheoriesandMonteCarlostudiesfor suchdynamictransitions
will be discussed.We will alsodiscussaboutthe Monte Carlo observationsregardingthe ¤uctuation
behaviour nearthesedynamictransitions.
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Proteinshave interestingthermodynamicfeatures.Oneof themoresurprisingis thecoldunfoldingtran-
sition. At high temperature,the proteinsare unfoldeddue to thermalrattling. As the temperatureis
lowered,they undergo a phasetransitionandfold. But, if thetemperatureis furtherdecreased,they may
undergo asecondtransitionandrevert to theunfoldedstate,thusmeltingasthetemperatureis lowered.

We presenta model that demonstratesthe mechanismresposiblefor this strangebehavior basedon
hydrophobicity[1, 2, 3].

Studyingproteinsnumericallyis averychallengingproblem.Wediscusshow thischallengemaybemet
usingsimplemodels[3].

In vivo, it is not the protein thermodynamicswhich is important,but rathertheir out of equillibrium
properties.Someproteinsactasmolecularmotors.Thesearelittle machinesthatconvertchemicalenergy
into organizedmotionin spiteof beingknockedaroundby thesurroundingthermallyagitatedwater. We
usethe modelconstructedto understandthe thermodynamicsof proteinsto sketchwhat could be the
underlyingprinciplesthatmake it possiblefor proteinsto actasmotors[4].
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Many proteinsaremolecular’nanomachines’;their conformationalplasticityanddynamicsdetermines
theirfunction.Recentlydevelopedmoleculardynamicsbasedmethodsallow to simulateandpredictsuch
conformationalmotionsat theatomiclevel andpermitcomparisonwith singlemoleculeexperiments[1].
Forceprobesimulationsandexperiments,in particular, provide a very tight interactionbetweentheory
andexperiment.

Twoexamplesshallhighlighttheroleof conformationalproteinmotionsandtheirtheoreticaldescription:

(1) Force probesimulationsof molecularrecognitionprocessesin antibodymolecules[2] reveal an
optimizationof the binding kineticsthroughconformational¤exibility of thebinding pocket. Entropic
contributions to the free energy landscapeturn out to be importanthere[3]. Computationof binding
forcesallows directcomparisonwith experiment.Theexcellentagreementvalidatesoursimulations.

(2) PrimaryATP synthesisstepsin FB -ATPasewerestudied.Remakably, thesynthesisinvolveselectro-
mechano-chemicalenergy coupling.In the humanbody, this enzymeproducesca.60 kg ATP perday.
Homologsarefoundin plantsandbacteria.By enforcedrotationof the ¼ -‘stalk’, ascausedby protonmo-
tive F½ -rotation,a time-resolved atomicmodelfor themechanicalenergy transferto theATP synthesis
sitesin termsof propagatingconformationalmotionsis obtained.Thesimulationsrationalizemutation
studiesandcomplementrecentlyproposedmodelsfor ATPrelease[4].
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Thereis increasingtheoreticalandexperimentalevidenceindicatingthat small-scaledomainstructure
anddynamicalheterogeneitydevelopin lipid membranesasaconsequenceof themany-particlecharac-
terof thesystem[1,2]. Thissmall-scalestructureoccursin thenano-meterrangeandcanbeperceivedas
eitherdensity¤uctuations,compositional¤uctuations,or bilayerthickness¤uctuations.Theoreticalpre-
dictionsareconfrontedwith recentexperimentaldataobtainedfrom e.g.¤uorescencespectroscopy and
atomic-forcemicroscopy. Thenano-scalestructureis shown to beimportantfor controlling theactivity
of anenzyme,phospholipaseA2, whichactsatmembranes[3]. A simplestatisticalmechanicalmodelfor
theequilibriumphasebehavior of lipid bilayersis extendedto accountfor thenon-equilibriumactionof
theenzymephospholipaseA2 whichhydrolyseslipid-bilayersubstrates,formingproductmoleculesthat
leadto local variationsin thebilayer interfacialpressure[4]. Computersimulationof themodelshows,
in quantitative agreementwith experimentaldata,that theenzymeactivity is modulatedby nano-scale
lipid-domainformationin thelipid bilayerleadingto acharacteristiclag-burstbehavior.
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“Li ving polymers”containanactive site thatcatalyzespolymerizationto anequilibriumdistribution of
chainsof differentsizes[1]. Ring-openingpolymerizationof polycarbonatesis anexample.Wehavesim-
ulatedtheequilibriumpolymerizationof cyclic oligomers,triggeredby acatalystthatcanbreakandform
covalentbonds,usingamodelthatmimicsthereactionmechanismidenti£edby densityfunctional(DF)
computationsonpolycarbonatetetramers[2]. Themonomersarerepresentedby Lennard-Jonesparticles
that form oneor two harmonicbondswith their neighbors,giving rise to openchainsandpolymeric
rings. The “catalyst” is an active particle able to interchangebondsamongtwo pairs of neighboring
monomers,leadingto equilibrium with a rangeof chain lengths.The reactantsandproductshave the
sameaveragepotentialenergy, asfoundin theDF study, andthereactionbarrieris setto zero.Starting
from anassemblyof oligomers(10002particles,oneactive) in 2 and3 dimensions,thesystemevolvesby
aMonteCarloalgorithmthatsamplesdifferentatomicpositionsandbondingcon£gurations.Weaddress
two questions:(a) Doesthis simplemodelleadto polymerization?(b) If polymerizationoccurs,whatis
thethermodynamicdriving force?

Most equilibratedsamplesshow a high degreeof polymerizationthat is enhancedby increasingden-
sity andtemperature,andpolymerizationis lesseffective in 2D thanin 3D. In 2D thereappearsto be
a £rst-ordertransitionin the densitydependenceof the degreeof polymerization,which differs from
thecontinuoustransitionfound in previous studiesof otherpolymerizationmechanisms[3]. In 3D the
resultssuggestthepresenceof asimilar transition,but thedataareaffectedby £nite-sizeeffectsandare
not conclusive. All polymerizedsamplesshow a broaddistribution of sizesthat doesnot approachthe
exponentiallaw often associatedwith living polymers[4]. The easyinterconversionof differentsizes
mediatedby theactive particlemakespolymerizationhighly reversible.

Thesimilarity of potentialenergy andvibrationalpropertiesof reactantsandproducts,aswell asthetem-
peraturedependenceof thedegreeof polymerization,indicatethattheentropy of polydispersedsamples
is the driving force.The entropy provided by a wide rangeof sizesis offset only partially by the loss
of long rangemobility dueto intra-molecularconstraints,andthe parallel to crystallizationwould ex-
plain the£rstordercharacterof thetransition.Thedifferencebetweentheseresultsandthoseof previous
studiesunderlinestheimportanceof theunderlyingpolymerizationmechanism.
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Themagneticbehavior of semiconductorsdopedwith randomlydistributedmagneticelements(suchas
Iron or Magnanese)and/orboundcarriers(suchasPhosphorusor Boron in Silicon) aredescribedby
many-bodyHamiltonianswith abroaddistribution of couplingconstantsandenergy scales.Suchawide
distribution (covering several ordersof magnitudein somecases)leadsto unusualproperties,suchas
strongsuppressionof magneticphasetransitionsdueto quantum¤uctuations,unusualthermodynamic
behavior in the magneticallyorderedphaseetc.The wide distribution alsoposesseveral challengesto
bothanalyticalandcomputationalapproachesusedto calculatethephysicalpropertiesof suchsystems.
This talk will illustrate someof the techniquesthat have beenappliedsuccessfullyto suchsystems,
including numericalrenormalizationgroupaswell asMonte Carlo methods.Exampleswill be drawn
from lightly dopedconventionalsemiconductors[ Si, Ge ] aswell asdilutedmagneticsemiconductors
[ suchas(Cd,Mn)Te and(Ga,Mn)As]. Extensionof thesemethodsto dilutedmagneticsemiconductors
in themetallicregimewith itinerantcarriers(fermionicdegreesof freedom)will alsobedescribed.
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Thelimit of in£nitelystronginteractionis therelevantonefor theunderstandingof thelow energy sector
of stronglycorrelatedelectronicsystemslike high temperaturesuperconductorsandnew relatedcom-
poundslike the so-calledladdermaterials.Generically, thosesystemsarewell representedby the e - ¥
model,wherestrongcorrelationis taken into accountby projectingout doubly occupiedsites.Sucha
constraintpreventeduntil now from controlledanalyticaltreatmentssuchthat mostof the information
presentlyavailablerelieson exactdiagonalizations,implying thatonly very small systemson a micro-
scopicscalecouldbetreated.[1].

We presentspectralpropertiesfor single-holeexcitationsin the e - ¥ modelobtainedwith newly devel-
opedquantumMonteCarloalgorithms,in chains,ladders,andplanes,whereboththespectralfunction
andthequasiparticleweightareobtained.Simulationsof theone-dimensionalcaseshow thata simple
charge-spinseparationAnsatzis ableto describetheoverall featuresof thespectralfunctionsuchasthe
bandwidthandthecompactsupportof thespectralfunction.The quasiparticleweight ¾À¿ is computed
on latticesup to aÁXÂL6Y6Ã sitesin onedimension,andscalesas ¾Ä¿ÆÅ}aÇ` BÉÈ»C at thesupersymmetricpoint¥Ê[�e-X}Y . [2].

Laddersystemswith two andthreelegs show a non-monotonousbehavior of the quasiparticleweight
accompanying thebehavior of the spin-gap.The lowestbandsin two-leg laddersarerelatedby spin-1
excitationswith awavevector ËÌ X}c*~ { ~df , theantibondingbandbeingashadow of thebondingone,both
with a large quasiparticleweight.The three-leg ladderhasoneantisymmetricbandreminiscentof the
singlechainandtwo symmetriconessimilar to the2-leg ladder. Whereasquasiparticlesdo not exist in
theantisymmetricchannel,they have a £niteweighton thesymmetricone,clearlyindicatinga splitting
of thesystemin a chainanda two-leg ladder[3].

In two dimensionsthe singlehole dynamicsis studiedon squarelatticeswith up to Y�ÍÎr.Y�Í sites.A
£nitesizescalingof thequasiparticleweight ¾V¿ leadsto a £nite resultin the thermodynamiclimit for
the consideredvaluesof ¥Ï[�e , resolvingthus,a long standingquestion.Resonancesabove the lowest
edgeof thespectrumareidenti£ed,revealingthatquasiparticlesarecomposedof spinandchargedefects
con£nedby a linearpotential.[4].

Finally, recentresultsfor dopedchainsarepresented,wherecharge-spinseparationproperlydescribes
both photoemissionandinversephotoemissionspectraobtainedby our quantumMonte Carlo simula-
tions.
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Dynamical propertiesof ”sequencealignment”:
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I discussdynamicalpropertiesof the so called”sequencealignment”,whereonetries to £nd the best
possiblealignmentof two or moregiven sequencesundera given costmatrix. I introducea local dy-
namicalprocess,andusetime dependentcorrelationfunctionsto show, amongothers,that the system
undergoesaging.
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The physicalpropertiesof solid materialswhich containa substantialdegreeof quencheddisorder, so
calleddisorderedsystems,havebeenanexperimentalanda theoreticalchallengefor many decades.The
differentthermodynamicphasesemerging in randommagnets,theagingpropertiesandmemoryeffects
of spinglasses,thedisorderinducedconductor-to-insulator transitionin electronicor bosonicsystems,
thecollective behavior of magnetic¤ux lines in amorphoushigh temperaturesuperconductors,andthe
rougheningtransitionof a disorderedcharge densitywave systemsareonly a few examplesfor these
fascinatingphenomenathatoccurdueto thepresenceof quencheddisorder.

Analytic studiesof modelsfor thesesystemsareusuallybasedon perturbationtheoriesvalid for weak
disorder, onphenomenologicalscalingpicturesor on mean-£eldapproximations.Thereforethedemand
for ef£cientnumericaltechniquesthatallow the investigationof themodelHamiltoniansof disordered
systemshasalwaysbeenhigh.Threefactsmake life dif£culthere:1) Theregime,wheredisordereffects
aremostclearly seen,areat low temperatures– andareeven bestvisible at zero temperature;2) the
presenceof disorderslows the dynamicsof thesessystemsdown, they becomeglassy, suchthat for
instanceconventionalMonte-Carloormoleculardynamicssimulationsencounterenormousequilibration
problems;3) any numericalcomputationof disorderedsystemshasto incorporateanextensive disorder
average.

In recentyearsmoreandmoremodelsystemswith quencheddisorderwerefoundthatcanbeinvestigated
numerically1) at zerotemperature,2) without equilibrationproblems,3) extremelyfast,in polynomial
time (for a review on thesedevelopmentssee[1, 2]). This is indeedprogress,whichbecamepossibleby
theapplicationof exactcombinatorialoptimizationalgorithmsdevelopedby mathematiciansandcom-
puter scientistsover the last few decades.This gift is not for free: £rst a mappingof the problemof
£ndingtheexactgroundstateof themodelHamiltonianunderconsiderationontoastandardcombinato-
rial optimizationproblemhasto befound.If oneis lucky, thisproblemfalls into theclassof

µ
-problems,

for which polynomialalgorithmsexist. If not, the intellectualchallengefor thetheoreticalphysicistre-
mainsto reformulatethemodelHamiltonianin suchawaythatits universalityclassis notchangedbut a
mappingon a

µ
-problembecomesfeasible.

In this talk we review someof therecentprogressthathasbeenmadein this direction.In particularwe
will discuss,with anemphasison thecomputationalpoint of view, thecollective behavior of a ¤ux line
ensemblein a disorderedenvironment[3, 4], the disorderinducedrougheningtransitionin a periodic
elasticmediumandthecritical propertiesof therandombondPottsmodelin thelimit OlQÐ� .

References

1. H. Rieger, LectureNotesin Physics501(ed.J.KerteszandI. Kondor),p. 122–158(SpringerVerlag,Berlin-Heidelberg-
New York, 1998).

2. M. Alava,P. Duxbury, C. MoukarzelundH. Rieger, PhaseTransitionandCritical Phenomena,Vol. 18 (ed.C. Domband
J.L. Lebowitz), p.141–317,(AcademicPress,Cambridge,2000).

3. H. Rieger, Phys.Rev. Lett. 81, 4488(1998).
4. T. Knetter, G. Schr̈oder, M. J.Alava undH. Rieger, Europhys.Lett., in press(2001).

I28
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The lattice Boltzmann(LB) methodis a techniqueaimedat modelinga systemof particles,suchasa
¤uid for instance,in termsof amesoscopicdynamicson a discretespace-timeuniverse.In thelimit of a
small latticespacingandsmalltimestep,aLB ¤uid is shown to obey theNavier-Stokesequation.

In this contribution we consideran extensionof the LB approachto simulatethe erosion,transport
anddepositionprocessesin a ¤uid. Solid point-particlesareaddedon top of the LB ¤uid andsimple
mechanismsareproposedto describetheinteractionbetweenthetwo components.

Westudyseveralapplications,rangingfrom snowdrift formationto erosionin river beds.A goodagree-
mentbetweenthe simulationsand£eld experimentsis obtained.We alsoconsiderthe phenomenaof
meanderingriversandproposeanexplanationfor their formation.

I29



Multiscale lattice Boltzmann methods
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TheLatticeBoltzmann(LB) methodis a hyperstylizedform of theBoltzmannequationbasedon a £c-
titious particledynamicsin which all microscopicdetailsaregivenaway exceptthosestrictly neededto
recovercorrecthydrodynamicequationsatamacroscopicscale[1, 2, 3]. Dueits mathematicalsimplicity,
physicalsoundnessand¤exibility, aswell asits outstandingamenabilityto parallelcomputing,theLB
methodhasenjoyedconsiderablesuccessin thelastdecadefor thesimulationof complex ¤ows,ranging
from slow ¤ows in grosslyirregulargeometryto fully developedsingleandmultiphaseturbulent ¤ows
[4, 5]. Owing to its peculiarJanus-bifacednature,a telescopefor MolecularDynamics,amicroscopefor
Fluid Dynamics,theLB is alsoapromisingcandidatefor multiscale/multiphysicsapplicationsinvolving
complex phenomenaat differentscales(¤ows with phasetransitions,colloidal ¤ows,¤uid-wall interac-
tionsandthelike).As theLB methodheadstowardsthesenew applicationsof increasingcomplexity, it
becomesapparentthata signi£cantextensionsof thebasicschemearecalledfor. Amongothers,partic-
ularly importantis thepossibilityof selectively clusteringmeshpointstherewheresharpphysicsoccurr,
suchastwo-¤uid interfacesor solid-¤uidboundaries.To this purpose,local grid re£nementandatten-
dantmultiscalecapabilitieshave beenrecentlydeveloped[6, 7] andsuccessfullyappliedto turbulent
¤ows [8]. In this paperwe shall describebasicideasbehindthe multiscaleLB methodsand present
applicationsto fully turbulent ¤ows in relatively complex geometries.In addition,future extensionsto
exploit multiscalecapabilitiesaimedat incorporatingadditionalphysics(say¤uid-wall interactions)at
themesoscopicscalewill bediscussedandcommentedon.
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Large Eddy Simulation(LES) is increasinglyviewed as a methodsuitablefor applicationto practi-
cal systemswhereit promisesa greaterdegreeof predictive realismandgeneralitythanReynoldsav-
eragedapproachesthat rely heavily on the adequacy of approximatestatisticalmodelsof turbulence.
Whilst computationallymoredemandingLES is physicallymuchmorerealisticandofferstheprospect
of beingableto representaccuratelya wide rangeof engineering¤ows. LES involvesthedirect three-
dimensionaltime dependentcomputationof the large-scaleturbulent motionsresponsiblefor turbulent
transportwhilst thosewith scalessmallerthanthecomputationalgrid, or morestrictly the£lter width,
aremodelled.For inert ¤ows at high turbulenceReynoldsnumbersthedetailsof the£nescalemotions
arenot ratecontrolling- theirmainrole is to dissipateenergy - andLESis thuslikely to berelatively in-
sensitive to modellingassumptionscomparedto conventionalReynoldsaveragedmethods.Thesub-grid
scalemodelcanthusbemuchsimplerthanthetypeof modelsusedin Reynoldsaveragedmethods.It is
requiredonly to representthe in¤uenceof relatively small eddieswhich tendto have isotropicproper-
tiesandusuallymake a negligible contribution to theturbulentmixing processes.For combusting¤ows
however themodellingrequirementsaremuchmoresevereasburningwill inevitably occurwithin the
£nesub-gridscales.For this reasonthe problemsposedin applyingLES to turbulent ¤amesarevery
similar to thosethat arisein conventionalReynoldsaveragedmodellingapproaches.In LES the dif£-
culty is manifestby theneedto evaluatethespatially£lteredsourceterms(representingthenet rateof
formationthroughchemicalreaction)thatappearin theequationsfor chemicalspeciesmassfractions.
Suitablemethodsareonly now beginningto appearandprogressin thisareahasrecentlybeenreviewed
in [1].

For nonpremixedcombustionaneconomicaldescriptionis possiblethroughtheconservedscalarformal-
ism, [2, 3, 4]. In this approachthemajorspeciescomposition,temperatureanddensityarerelatedto a
strictly conservedscalarquantity, themixture fraction. Dueto thenonlinearityof thesestaterelations,ac-
countmustbetakenof thein¤uenceof subgridscale¤uctuationsandthis is achievedby theintroduction
of amodelledform of thesubgridscalemixturefractionpdf (sgpdf).Someresultsfrom thesimulationof
ahydrogen-airturbulentdiffusion¤ameandfor a modelpropanefuelledgasturbinecombustorarepre-
sented.Theoverall level of agreementbetweenthesimulationresultsandmeasurementsis quitegood.
Thepaperwill provideanoverview of currentLEScapabilitiesandfutureresearchneedsfor combusting
¤ows.
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It is now possibleto micro-simulatethetraf£c of wholemetropolitanareaswith 10 million travelersor
more,“micro” meaningthateachtraveler is resolved individually asa particle.In contrastto physicsor
chemistry, theseparticleshave internalintelligence;for example,they know wherethey aregoing.This
meansthat a transportationsimulationprojectwill have, besidesthe traf£c microsimulation,modules
which modelthis intelligentbehavior. Themostimportantmodulesarefor routegenerationandfor de-
mandgeneration.Demandis generatedby eachindividual in thesimulationmakinga planof activities
suchassleeping,eating,working,shopping,etc.If activities areplannedat differentlocations,they ob-
viouslygeneratedemandfor transportation.Thishowever is notenoughsincethoseplansarein¤uenced
by congestionwhichinitially is notknown. This is solvedvia arelaxationmethod,whichmeansiterating
backandforth betweentheactivities/routesgenerationandthetraf£c simulation.
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Oneof the challengesin todayscomputersimulationis the questionhow to bridge the gap from the
microscopic“atomistic” lengthto themacroscopiclengthscaleof experimentalobservation.

A straightforward approachby just modelingandsimulatingall atomsin a macroscopicsystemis not
possibledueto the hugenumberof degreesof freedom.Therefore,onecanreducethe sizeof the ex-
aminedsystemso that a microscopicsimulationof atomsis possible.However, the possiblelengthof
sucha “probe” is in generaltoo small in orderto regardit asmacroscopic.Therefore,thepresentstudy
presentsmethodsandtoolsin orderto performaso-calledmicro-macrotransition.In a £rststep,micro-
scopicsimulationsof a smallsampleleadto macroscopiclaws describingthematerialin theframework
of amacroscopictheory, asasecondstep.For granularmaterials,asanexample,thegrainpropertiesare
insertedinto adiscreteparticlemoleculardynamicsandleadto thecollective behavior of thedissipative
many-particlesystem.

Fromaparticlesimulation,onecanextract,e.g.,thepressureof thesystemasa functionof density. This
equationof stateallows a thermodynamical,macroscopicdescriptionof thematerial[1]. Herewe focus
onthehardspheremodelwhichexhibitsadisorder-ordertransitionatacertaindensity. For low densities,
thesystemresemblesadilutegas,for intermediatedensitiesonehasadisordered¤uid,andfor thehighest
densities,oneobtainsa solid with eitherdisorderor order(evidencedby a crystal-structure).Theelastic
hard-spherescanbegeneralizedby including inelasticityso thatoneendsup with a dissipative system
for which,however, themicro-macroapproachstill canbeapplied.

From the algorithmicpoint of view, the modelsystemis examinedby an event-driven moleculardy-
namicssimulation.One can computethe stresstensorand thus the pressureby summationover the
momentumtransferperunit-timeandvolume.In theusualtime-driven moleculardynamics,theproce-
dureis similar, only that forceshave to bemeasured.Thestresstensoris derivedfor a dynamicsystem
by meansof kinetic-theoryarguments,for a quasi-staticsystemby meansof anaveragingover particle
pairs[2], andalsoby meansof avirtual displacementmethod.

Finally, several examplesare presentedwherethe above describedmethodswere appliedand where
large-scalecomputationwasused.Typical simulationsinvolve L6HNÑ particlesdueto theef£ciency of the
event-drivenalgorithm.
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Instabilities in sheared loosedgranular matter
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Wehave investigatedtheshearprocessin loosegranularmaterials.If theprocessis carriedoutunderthe
constrainof constantvolume,a clusteringinstability occurs.This wasstudiedin an inelasticharddisk
gasshearedby two parallelbumpy walls (Couette-¤ow) [1]. In our moleculardynamicssimulationswe
foundasensitivity to theasymmetriesof theinitial conditionof theparticlepositionsandvelocities.The
steadystateis asymmetricwherethedeviation from (anti)symmetrichydrodynamic£eldsgetsstronger
asthenormalrestitutioncoef£cientdecreases.For thebetterunderstandingof this sensitivity we carried
out a linearstability analysisof the former, kinetic theoreticallyobtained(anti)symmetricsolutionand
foundit to beunstable.Theeffectof theasymmetryon theself-diffusioncoef£cientis alsodiscussed.

For thecaseof shearingunderconstantpressurewe have introducedamesoscopicmodelfor theforma-
tion andevolutionof shearbands[2,3]. Numericalsimulationsandanalyticalcalculationsrevealthatthe
systemundergoesa non-trivial self-organizationprocesswhich is governedby themotion of theshear
bandandthe consequentrestructuringof the materialalongit. High densityregionsarebuilt up, pro-
gressively con£ningtheshearbandsin localizedregions.This resultsin aninhomogeneousagingof the
materialwith a veryslow increasein themeandensity, displayinganunusualglassylike

system-sizedependence.Thepredicteddensitypatternformationandtheslow dynamicsshouldbeac-
cessibleto experiments.
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Westudythewettingbehaviour of asymmetricalbinary¤uidbelow thedemixingtemperatureat a non-
selective attractive wall. Although it demixesin thebulk, a suf£ciently thin liquid £lm remainsmixed.
Onapproachingliquid/vapourcoexistence,however, thethicknessof theliquid £lm increasesandit may
demixandthenwet thesubstrate.Weshow thatthewettingpropertiesaredeterminedby aninterplayof
the two lengthscalesrelatedto the densityandthe composition¤uctuations.The problemis analysed
within theframework of agenerictwo componentGinzburg-Landaufunctional(appropriatefor systems
with short-rangedinteractions).This functionalis minimizedbothnumericallyandanalyticallywithin a
piecewiseparabolicpotentialapproximation.A numberof novel surfacetransitionsarefound,including
£rstorderdemixingandprewetting,continuousdemixing,a tricritical point connectingthetwo regimes,
or acritical endpointbeyondwhich theprewettingline separatesastronglyandaweaklydemixed£lm.
Ourresults[1] aresupportedby detailedMonteCarlosimulationsof asymmetricalbinaryLennard-Jones
¤uid [2] atanattractive wall.
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Therelaxationtime of mostdisorderedsystems(structuralglasses,spinglasses,polymersin disordered
media,etc.)increasesdramaticallyif their temperatureis lowered.Themicroscopicmechanismfor this
slowing down is presentlystill not well understoodandhencethe focusof many experimentalaswell
as theoreticalefforts. In recentyearsalsocomputersimulationshave increasinglybeenusedto study
thesesystemsandhave contributedsigni£cantlyto increaseour understanding.However, mostof these
numericalinvestigationshaveuseplainmoleculardynamicsor MonteCarloalgorithmswith localmoves
to equilibratethesystems.Hencethesetypesof approacheslimits therangeof temperaturesatwhichthe
systemscanbe studiedin equilibrium to valuesat which the relaxationdynamicsis about L6H Ñ times
longer than the typical microscopictime scaleof the local motion of the particles(this corresponds
to typical lengthof simulationsof Ô=c
L6HNMÕf time steps).In order to accessthe experimentallyrelevant
temperaturerangeonewould needto equilibratethe systemsat temperaturesat which the relaxation
time is on theorderof seconds,i.e. aroundL6H B*C timesthemicroscopictime scale( L6HÕÖ time longerthan
whatis currentlyfeasible).However, in principleit is possibleto deviseMonteCarloschemeswhich,by
usingunphysicalmoves,areableto equilibratethesystemalsoat avery low temperature.With thehelp
of suchalgorithmsit would thereforebe possibleto study the equilibrium propertiesof glassforming
systemsalsoat low temperaturesandto improve considerablyourunderstandingof thesesystems.

In this talk wediscussonepossiblealgorithmto achieve this,theso-calledparalleltemperingmethod[1].
In this methodoneworkswith anextendedensemblein thatseveral independentsystemsaresimulated
simultaneouslyat different temperatures.The algorithmallows that periodically two subsystemsswap
their temperature(ful£lling the conditionof detailedbalance)thusallowing eachsystemto propagate
fasterin con£gurationspace.We have testedthe ef£ciency of this algorithm for two typesof glass
forming system:A realisticmodelof silica (SiOC ) anda binarymixtureof Lennard-Jonesparticles.We
£ndthatfor thecaseof silica thealgorithmworkswell in that it allows to equilibratethesystemaround
100timesfasterthanwith conventionalalgorithms.A similarspeedupis seeminglyobtainedfor thecase
of the Lennard-Jonessystem.However, a carefulanalysisof the “equilibrated” databy meansof the
inherentstructuresshows that in fact thesystemhasnot yet beenequilibrated,despitethefact that tests
for equilibration,like histogram-reweightingetc,seemto work well [2, 3]. We speculateon the reason
why thealgorithmseemsto work ef£cientlyin on casebut not in theother.
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Theinteractionbetweenthesmallscalevelocitygradientsin a turbulent¤ow andlong¤exible polymers
andcantrigger a coil-stretchtransitionin the polymers.We analyzethis transitionwithin a direct nu-
mericalsimulationof shearturbulencein anOldroyd-B modelfor thepolymer. As in oursimulationsof
Newtonianshearturbulencewe useavolumeforceto maintainthegradient[1].

In the coiled statethe traceof the con£gurationtensor(a measureof the radiusof gyration of the
molecules)hasanalgebraicdistribution with anexponentin agreementwith theanalyticalpredictionsof
Balkovsky et al [2]. Theexponentdecreasesastherelaxationtime of thepolymerincreasesandeventu-
ally becomesnon-normalizable:thismarksthetransitionto thestretchedstate.Beforethis transitionthe
effectson the¤ow areminimal.

In the stretchedstatefeedbackwith the ¤ow is essentialandlimits the stretchingof the polymer. The
distribution becomesvery wide without clearscaling,exceptfor theindicationsof analgebraicincrease
towardsthemaximum:this is a remnantof thealgebraiclaw foundbelow thetransition.

Theoreticalargumentsof Balkovsky etal. [2] suggestthatfor stretchedpolymersthereshouldbeasharp
cut-off in thecon£gurations,ratherthanthebroadform we observe.We tracethisdifferencebackto the
fact that thepolymerconcentrationis smallandmostof thedissipationis carriedby thesolvent rather
thanthepolymer.

We concludethat four caseshave to be distinguished,characterizedby the polymer being coiled or
stretchedandby thedissipationbeingcarriedpredominantlyby thesolventor thepolymer. Thecharac-
teristicsof thepolymercon£gurationsand¤ow £eldswill besummarizedandrelatedto othersimulations
[3] andexperiments[4].
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Over the last decadesit hasbecomeclearthat the ¤uctuationsof the velocity £eld in turbulence,over
small lengthscales,do not follow a Gaussianstatistics.Insteadthedistribution functionhasa form like
a stretchedexponentialwherelargeeventsareimportantandmustbecountedinto thestatistics.

Theexistenceof largeeventsareoftenrelatedto thepresenceof atypicalscalingbehavior, calledmulti-
scaling.This is a phenomenonwhich calls for anin£nity of independentscalingexponents[1]. We give
a brief review of thesepropertiesin fully developedturbulence.In orderto geta deeperunderstanding
of theproblem,we introduceapproximative modelsfor turbulent¤ows,calledshellmodelsanddiscuss
largeeventsandmultiscalingwithin this framework[1]. Weproposea new approachwhereonecan“in-
vert” the formulationof multiscalingin order to monitor the complementof the large events,andwe
discussunderwhichcircumstancesthetwo formalismsarerelated[2].
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TheDataGridcite[1] projectstarted2001asan joint Europeaneffort to tacklethecomputingneedsof
varioususercommunities.The main usersareHigh Energy Physics(HEP),bio-informaticsandEarth
observation. The biggestchallengesin termsof datathroughputandamountcomefrom HEP[2]. The
four LargeHardonCollider (LHC) experimentsthatwill commenceoperationsin spring2006will each
recordmorethanonePetaByteof dataperyear. Thesustaineddatarateswill amountup to 1.2GB/sec.

TheLHC computingmodelis basedon a hierarchicalmulti-Tier model.In this model,for eachexper-
iment, raw datastorageandreconstructionwill becarriedout at a Tier0 centre.Analysis,datastorage,
somereconstruction,Monte-Carlodatagenerationanddatadistributionwill mainlybethetaskof several
(nationalor supra-national)RegionalTier1centres,followedby a numberof (nationalor infra-national)
Tier2centres,by (institutional)Tier3centresor workgroupservers,andby end-userworkstations(Tier4).
TheCERN-basedTier0+Tier1 hardwarefor all LHC experimentsshouldbe installedasa singleparti-
tionablefacility [2].

Hundredsof institutesfromall overtheworldparticipatein theexperiments.Thisalonealreadyprecludes
thestraightforwardmanagementandreplicationof thedata.Neverthelessall physicistsshouldhavesim-
ilar accessto thedata,irrespective of their location.Additionalconstraintsarisefrom thelimited funding
for computingin theLHC projects.Thepricefor CPUpower (millions of SpecInt95needed)led to the
decisionto usePC farms.This of courseintroducesnew operationalchallenges.Additional hardware
architecturesmight have to betakeninto account,requiringsuf£cientportabilityof any developedcode.

Theemerging GRID technologies[3] seemto provide thenecessaryelementsto addresstheLHC com-
puting requirements.The EuropeanUnion fundedDataGridprojectwill develop the meansto operate
suchlargefarms(Tier0& Tier1centres)with thenecessarymiddlewareto schedulejobsanddatatrans-
fersona world-widebasis.

Thepresentationwill cover thecurrentarchitectureanddevelopmentsin theDataGridcollaboration,as
well asplanshow to exploit its results.
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In this paperI review thephysicsgoalsof LatticeGagueTheory(LGT) andthecorrespondingcompu-
tationalrequirements,in termsof bothcomputingarchitectureandperformance.I brie¤yreview several
projectsthathave developedmassively parallelcomputerarchitecturesoptimizedfor LGT. Finally, I de-
scribein detailsthehardwareandsoftwarearchitecture,thestatusandfutureplansof onesuchproject
(APE),carriedout jointly by DESY, INFN, andtheUniversityof ParisSud.
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Populationgrowth andbiologicalageingis goodexampleof theentryof physiciststo moreexotic £elds.
Populationevolution �dc*eNf , in the simplestlogistic modelapproach(andstill usefulasa testand/oras
a referencecase),is controlledby a balancebetweendeathtoll due to limited environmentalcapac-
ity � andbirth rate

h
of thosewhich survived,providing they reachedreproductionage × . The most

widespreadaxesualPennamodel[1] appliedhereintroducesgeneticloadasalternative causeof elimi-
nationof anindividual at age Ø whennumberÙ of activated’bad’ mutationsexceedsa thresholdvalueÚ

. (Seealso[2] for reviews.)Thegenomeis representedby astringof bitswith ’1’ asthebadmutation,
codedon thecomputerword.Thegenomeis inheritedfrom theparent,andadditional Û badmutations
randomlydistributedover the baby’s genomearedeliveredat birth time. Then Ù is numberof Ø�ÜÝe#b ÞÊß
mutations’1’, that is disclosedon bit positionsfrom 0 to actualage Ø of anindividual. Theoutcomeof
the simulationis the population�dc
Ø { Ùàf which may be comparedwith statisticaldataon populations.
Wemaymanipulatemodelparametersc
� { h { × { Û { Ú f to getresultscloserto thestatisticaldata.

In this paperwe alsoaccounton moredetailedcharacteristicsof genometo bring out structure��c*Ùàf
of genomein terms of sequencesof bits for given Ù , and its role on overall populationstructure�dc
Ø { Ù { ��c*Ùàf
f at equilibrium. The main £ndingsare: L6f (obvious) therearedifferent time scalesfor
differentquantitiesextractedfrom simulation,which requiresquite different numbersof iterationsto
reachtheequilibrium; Y6f (lessobvious)even if �dc
Ø�f is not sensitive to characteristicsof initial popula-
tion, �dc
Ø { Ùàf still carriessomereplicaof thepast;G6f structure��c*Ùàf of gemomesshowsverysigni£cant
marksof thehistoryand,therefore,maybeusedto tracethedepthof thepast,perhapsevento theinitial
stagesof the evolution. For example,unexpectedlythe nearlyideal populationat the Beginningestab-
lishespoorer£nalpopulationin thesenseof morefrequentbadmutations.

Evolution and biological ageingis believed to be governedby threemain factors,oxygen radicals,
longevity genesandbadmutations.Only geneticdeathsis includedin thePennamodel.However, this
modelis very ¤exible for introductionof anew ingredientsin thelife game,andsothenext stepshould
bring modelingwhich may cover morerealistic facts.Most of the simulationswerecarriedup on HP
EXEMPLAR machineat the AcademicComputerCentreCYFRONET in Kraków. Typical run takes
coupleof hoursfor populationof about�@X}L6HNá .
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Theauthorsanalyzethemultifractalstructureof thetemporaldependenceof severalcurrency exchange
rates(XR), by meansof the calculationof its Hurst exponentH(q). The main qualitative result is that
market evolution is drivenby a hierarchyof multiple ”information levels”. Themultifractalapproach[1,
2, 3] is usedto estimatethe (q-th) ordermomentsof thestructurefunctionsandthesingularmeasures,
asconstructedfrom thedata.Themethodseeksfor variousself-af£nity scales.Theanalysisis doneon
theabsolutevalueof thepricevariationsandnoton thepricevariationsthemselves.Thisapproachleads
to characterizingthenonstationarityandintermittency pertinentto such£nancialsignalsasif produced
by nonlineardynamicalprocesses.The valueof the roughnessparameter( ä B ) is consistentwith that
obtainedfor thesamedatausingdifferentmethodsof analysis,like theDFA. Thedegreeof intermittencyå B hasbeenalsoestimated.

In the c
ä B { å B f phasediagram,the currency exchangeratesaredispersedin a wide region aroundthe
Brownianmotionvalue( ä B X H6ævç { å B X H ) andhave a signi£cantlyintermittentcomponent(

å B�èX�H ).
Moreover, the multifractal behavior of the XR is consistentwith the multi-af£ne propertiesof other
turbulentphenomena[4].

Theanalysisshows thepresenceof correlated¤uctuations.A concreteexplanationof their appearance
andof thedifferencesfor differentcasesseemsrelatedto the”strength”of thecurrencies.Thediscussion
on their relevancein theunderstandingof theprocessesthatunderliethis ”macroscopic”market index
remainsspeculative in view of the lack of an appropriateexperimentaldevice. Neverthelessa non ex-
haustive list of resultson turbulenceand£nancialmarkets[5] is presentedfor assertingtheanalogy.
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For Internetuserthe most importantparameterof the network accessis the speedwith which he re-
ceiving documents.The daily exampleis the browsing of preprint and article archives (xxx.lanl.gov,
publish.aps.org, elsevier.nl, iop.org, etc.), looking for the news andweather, booking tickets,making
reservations,etc.

Thespeedrateof thedocumentretrieving couldbede£nedastheratioof sizeof therequesteddocument
to the time elapsedfrom the requestto the receiving of the full document.This speedrateareknown
to have log-normaldistribution in the simplestcaseof measurementdown betweentwo £xed sitesof
network qnd undercertainconditions.This is due to the relatively rare eventsof the extremelyslow
network response.

Thespeedratemeasuredatthe£xedsiteof theall documentsretrievedfrom thegivendomain,sayfor all
documentsrequestedby userof AachenTechnicalUniversity from British Universitiesac.uk domain,
would bede£nitelymultipeaked.This is a re¤ectionof severalnetwork featureswe would discuss.The
simpleexamplewill bediscussedin detailswhich provide distribution composedwith two log-normal
distributions.Tuningsomeexternalparametertheabsolutemaximumof distribution couldbepositioned
at theoneor anothercenterof theunderlyingdistributions.Thus,the£rst-orderphasetransitioncould
beeasilyrealisedin computernetwork.

In physicsweunderstandexperimentasaprocessof measurementswhichis repeatableundersomegiven
externalconditions.Thepossibilityof theexperimentsin thatsensewith theInternettraf£c is discussed
andexampleof somerealizationwill begiven.
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Systemsasdiverseastheworld wide web[1] or thecell [2, 3] aredescribedby networkswith complex
topology. Traditionally it hasbeenassumedthat thesenetworks are random.However, recentstudies
indicatethatsuchcomplex networksaretheresultof self-organizingprocessesgovernedby simplebut
genericlaws [4], resultingin topologiesstrikingly differentfrom thosepredictedby randomnetworks.
I will discussthe implicationsof these£ndingson theerrorandattacktoleranceof theInternet[5], the
robustnessof thecells[2, 3], andotherpropertiesof complex evolving networks.
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Theobservationsof distantTypeIa Supernovae(SNeIa) have providedamajorsurprisefor cosmology.
The faintnessof the distantsupernovaecomparedto the expectationof even the mostextrememodel,
i.e. an emptyuniverse,hasforgedcosmologyout of the simplematter-dominatedpictureandaddeda
new, strange,component.Sincenext to nothingis know aboutthis new constituentof theuniverse,it is
generallyreferredto as“dark energy.”

Althoughthemeasuredeffect is minimal,about20%ata redshiftof about0.5,i.e. 5 billion yearsago,it
hasbeendetectedin datasetsof two independentgroups.Databy theHigh-z Supernova Searchteamis
morethan2P , while theSupernovaCosmologyProjectstill £ndsa1.5P signi£cance.An Einstein-deSit-
ter model( ê�ëìXíL { êïîÁXíH ), the’standardmodel’ of a few yearsago,is excludedat high signi£cance.
To explain thedimnessof thesupernovaea negative–pressurecomponentmusthave acceleratedtheex-
pansionof theuniverseover thelastfew Gyr. This resultvery nicely complementsthemeasurementsof
thecosmicmicrowave backgroundanddeterminationsof thematterdensity. It furthersolvesthe long-
standingproblemof thedynamicalageof theuniverse(for a review see[1])

This resultcomesat theendof adecadewhereSNeIa have beendiscussedaspossiblestandardcandles
and progresshasyielded a way to normalizethe peakluminosity of SNe Ia so that highly accurate
distancescanbederived.Thephysicsof theexplosionandtheradiative transportin SNeIa remainsan
areaof active research.The observed correlationsbetweenpeakluminosity, light curve shape,colors,
line strengths,andline widthsaresofar unexplained(e.g.[2]).

Without someunderstandingof the physics,it will not be possibleto provide clear guidelinesas to
whetherevolutioncouldhavealteredthepeakluminosityof theSNeIa ([3]). Recentindicationsthatthe
color of distantsupernovaeis bluer thanin thenearbysamplecouldhint at evolutionaryeffects.Other
possibleexplanationsfor thefaintnessof thedistantareinter-galacticdustandgravitationallensing.Dust
grainsizeswould have to besigni£cantlydifferentandselectively distributedto have an impacton the
supernova result.The bluer colorsof the distantsupernovaearea further indicationthat dustmay not
be important.At thedistancesof thepresentsupernova samplegravitational lensingis unlikely to bea
signi£cantsystematiceffect.

Thereis a way to unambiguouslydeterminewhetherthe universeindeedcontainsa negative-pressure
component.During thevery early phasestheuniversalexpansionshouldhave beendecelerateddueto
its mattercontent.Only laterdid thedarkenergy takeover. First indicationsfor suchaneffecthave been
foundandfurtherobservationsareplanned([4]).
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Hadronicparticleproductionis a commonprocessin astrophysicalenvironments.High energy cosmic
raysandgammaraysinteractwith matterat theproductionor accelerationsite,duringpropagationand
atEarth.Theproductionof secondaryparticlesis inherentlylinkedto energy lossor completeabsorption
of theprimary particle.In both casesthe spectrumof cosmicraysis modi£ed.Hencethe primary and
secondaryparticlespectracarryimportantinformationon theastrophysicalsourcesandthesurrounding
matterandradiation£eldsaswell astheintergalacticandinterstellarmedium.

Wewill discusstherequirementson thesimulationof hadronicinteractionsandits realizationin form of
MonteCarlocalculations,usingtheexampleof ultra-highenergy cosmicrays.Ultra-highenergy cosmic
rays arestrongly interactingparticleswith an energy greaterthan çRrðL6HÕB*ñ GeV. Although observed
in large air shower experiments,thesecosmicraysaretheoreticallynot understood.In particulartheir
astrophysicalsourcesandelementalcompositionareunknown [1].

The interpretationof dataon ultra-highenergy cosmicraysrelieson the simulationof hadronicparti-
cle productionover anextremelywide energy range.In addition,the importantphasespaceof particle
productionis differentfrom thatmeasuredatcolliderexperiments.

In many of the proposedaccelerationscenarioscosmicrays interactwith denseradiation£eldsat the
source.At highenergy, hadronproductionprocessesbecomeimportantandgiveriseto secondaryphoton
andneutrino¤uxes.Dependingon themodelconsidered,theenergiesavailablefor particleproduction
cover therangefrom theparticleproductionthresholdup to ò Sió}L6H6H6H GeV.

Thepropagationof ultra-highenergy cosmicraysis mainly governedby energy lossesdueto theinter-
actionwith photonsof thecosmicmicrowave background.Theseinteractionsaretypically of very low
energy in thecenterof masssystem,just above theparticleproductionthresholdandcanbesimulated
with highprecision[2].

Thedetectionof thehighestenergy cosmicraysis basedon themeasurementof thesecondaryparticles
producedin extensiveair showers.Thesimulationof theseshowersposesachallengeto currentlyapplied
simulationmethods[3, 4]: thehadronicinteractionmodelshave to beextrapolatedto c.m.senergiesof
about400 TeV andthenumberof secondaryparticlesproducedin suchhigh-energy showersis of the
orderof L6H B*ñ , photonsnot counted.
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2. T. Stanev, R. Engel,A. Mücke,R.J.Protheroe,andJ.Rachen,Phys.Rev. D62 (2000)093005.
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QuantumChromodynamics(QCD) is the gaugetheoryof the strongforces,mediatedby exchangeof
gluonsbetweentheconstituentparticlesof matter, thequarks.In gaugetheories,thecoupling”constant”
dependson the typical momentaof theproblemunderconsideration.At momentacomparableto light
hadronicmasses(i.e. mesonslike thepion andthe rho) the couplingof QCD becomeslarge.To solve
QCD in this regimeso-called”non-perturbative” techniqueslike latticeQCD (LQCD) arerequired,be-
causeperturbationtheoryfails for couplingconstantsin therangeof 1.

LQCD worksby computersimulationsof thegluonicandfermionic£eldsona4-dimensionalspace-time
latticeof Euclideanmetrics.Typically, anensembleof representative £eldcon£gurationsis generatedby
meansof stochasticMonte Carlo methodsasappliedin statisticalphysics.Subsequently, observables
whicharefunctionalsof the£eldsarecomputedin form of statisticalaveragesover theensemble.

In recentyearsLQCD wasestablishedasthe mostpromisingtechniqueto dealwith non-perturbative
aspectsof £eldtheories.This is demonstratedby theefforts of theelementaryparticlephysicscommu-
nity to provide thehugecomputepower requiredby suchab-initio computerexperiments.On onehand,
systemsdedicatedfor LQCD numbercrunchingareconstructed:in Europe,DESY/INFN togetherwith
otherEuropeaninstitutesarejointly developingtheMulti-Tera¤opssystemapeNEXT. Columbiauniver-
sity (USA) andUKQCD (UK) togetherwith IBM arebuilding the10T¤opsQCDOSsystems.In Japan,
thegroupat Tsukubauniversityis headingfor 100T¤ops.

As analternative,commodity-off-the-shelf(COTS)clustercomputerspromiseto provideacost-effective
pathwaytowardsTera-computingfor LQCD.TheHungariangroupatEẗvösUniversityhasdemonstrated
the cost-effectivenessof COTS by their poor-mans-supercomputer. In the nearfuture, JeffersonLab,
FermilabandMIT aregoingfor Multi-Tera¤opsclustersystems.

In my talk, I amgoingto presentresultsfrom LQCD simulationprojectscarriedout on a pre-Tera¤ops
clustersystem,the 128-nodeCompaq-DS10/MyrinetclusterALiCE at WuppertalUniversity. After its
£nalupgradein October2000,our generalpurposemulti-userplatformprovidesa total computepower
of 160G¤ops.I will focusontwo projects,(i) thetruncatedeigenmodealgorithm(TEA), anew approach
to compute¤avor-singletquantitiesin LQCD, which e.g.determinethemassof theeta’ meson,and(ii)
simulationsof QCDwith dynamicalfermionsby useof thehybridMonteCarloalgorithm,carriedout in
theframework of theGRAL project.For TEA, severalhundredlow-lying eigenvectorsof thefermionic
matrix with dimensionô�c
L6H á f have to becomputedandstoredfor ô�c
L6HNC�f con£gurations.Besidesthe
presentationof veryencouragingphysicsresultsI will compareperformancesandI/O handlingbetween
ALiCE andtheCrayT3E.TheGRAL project(GoingRealisticandLight) aimsat a massratio between
pion andrho mesonbelow 0.5 that will allow the rho mesonto decayinto two pions,a £rst attempt
with Wilson fermionsto bring therealisticsituationontothelattice.In theGRAL context I amgoingto
presentperformancecomparisonsbetweenALiCE andAPEmille.
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Hydromagneticprocessesplay an important role in many astrophysicalsystems(e.g. stars,galaxies,
accretiondiscs).This is becausethemediumis hotenoughto bepartiallyor fully ionized.Becauseof the
hugescalesinvolvedthemediumis usuallyturbulent,providedthereis aninstability (shear, convection)
facilitatingthecascadingof energy down to smallscales.

In ordinaryturbulenceresearchit hasbeena long standingtradition to solve the equationsin spectral
spacegiving thebestpossibleaccuracy. This is indeedanaturalchoicefor incompressibleproblemswith
periodicboundaries,but it is no longeroptimal in many astrophysicalcircumstances.It is arguedthat
lowerorderspatialderivativesschemesareunacceptablein view of their low overallaccuracy, evenwhen
mass,momentum,andenergy areconserved to machineaccuracy. High order£nitedifferenceschemes
arethereforefound to bequiteef£cientandphysicallyappropriate.They arealsoeasilyandef£ciently
implementedonmassively parallelcomputers.High orderschemesalsoyield suf£cientoverallaccuracy.
Ourcodeusescentered£nitedifferenceswhichmake theadaptationto otherproblemssimple.Sincethe
codeis not written in conservative form, conservation of mass,energy andmomentumcanbe usedto
monitor to quality of the solution.A third orderRunge-Kutta schemewith Y6� storage[1] is usedfor
calculatingthetimeadvance.

A numberof testsrangingfrom advectionto shockproblemsarepresentedandtheir accuracy is con-
sideredin relationto otherschemes.We thenturn to applicationsof astrophysicalturbulencewherethe
driving is eitherthroughexplicit forcing functionsor throughinstabilities(convection,magneticshear
¤ow instability). Numerically, themagnetic£eld is representedin termsof themagneticvectorpoten-
tial, whichprovidesanef£cientwayto ensuresolenoidalityof the£eld.Contraryto popularbelief,such
schemesdo not suffer additionallossof accuracy: the secondderivative requiredto calculatethe cur-
rentdensityfrom thevectorpotentialis compensatedby saving aderivative whenevolving themagnetic
vectorpotentialitself.

A full descriptionof the codeis given in Ref. [2]. Applicationsto the problemof the inversecascade
phenomenonin hydromagneticturbulencecanbe found in Ref. [3]. Here the turbulenceis driven by
explicit forcing functions.For referencesto naturallydriven turbulencein stellarconvection zonesor
accretiondiscswith strongshearseeRef. [4]. Oneof ourmostrecentapplicationsconcernstheproblem
of resistively limited growth in modelsof stellardynamos;seeRef. [5].
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Wereportonnew path-integralMonteCarlomethodsfor continuousdegreesof freedomthatincorporate
informationof theexacttwo-particledensitymatrix õ . Thecalculationof thediagonalandnon-diagonal
componentsof õ is outlinedin [1] for the Coulombpotential,but it canbe easilygeneralizedto other
centralpotentials.In thesimulations,thepotentialenergy betweentwo interactingparticlesaswell asthe
massesareeffective propertiesthat converge suf£ciently fastto their real valuesastheTrotter number
becomeslarge.

Furthermore,new primitive estimators[2] for thecalculationof elasticconstantsandthekinetic energy
areproposedfor PIMD simulations[3]. Thevarianceof theseestimatorsdoesnot increasewith Trotter
number(unlike usualprimitive estimators).The estimatorsarealsoapplicableto thegasphase,where
standardvirial estimatorsturn out to fail. Applicationsof ourmethodsincludesolid heliumIII [2], solid
argon[2], and W -quartz[4], far below their respective Debyetemperatures.

We will alsocommenton someimportantdetailsof the implementationof our PIMD code.This con-
cernsin particularthechoiceof themassesthatareattributedto eigenmodesof thefreeclassicalchain
representingthequantummechanicalpoint particleandthermostatisation[4].
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4. M. H. Müser, J.Chem.Phys.(in press)

O1



Finite-temperatureLanczosalgorithm study on pseudogapin
high- ö�÷ superconductors
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Thepseudogapphenomenaof thehigh temperturesuperconductorshave attracteda lot of interestin the
£eld of the condensedmatterphysics.They wereobserved asa broadpeakin the temperaturedepen-
denceof the NMR relaxationrate,the magneticsucseptibility, the conductivity, the neutronscattering
intensityandtheangle-resolvedphotoemissionetc.in theunderdopedhigh-

Ú!ø
cupratesuperconductors.

Thepseudogapis supposedto berelatedto themechanismof thesuperconductivity, but theorigin is still
anopenquestion.In thepreviouswork of thepresentauthors[1, 2], theexactdiagonalizationof the e - ¥
modelon the ò L6H)r ò L6H clusterwith onehole suggestedthat thegap-like behavior is closelyrelated
to thegrowth of theantiferromagneticshort-rangeorder. However, thestudyof thesingle-holesystemis
not enoughto clarify somefeaturesof thesuperconductingsystemswheretheholepairing is anessen-
tial effect. In thepresentwork, the e - ¥ modelon the ÍùrúÍ clusterwith two holesis investigatedby the
£nite-temperatureLanczosalgorithmusingtherandomsamplingof theinitial vector.[3] Thetemperature
dependenceof thedynamicalsucseptibilitysNû�üÇc
O {#ý f andthespincorrelationfunctionsis evaluatedby
themethod.Thecalculated þ«sNû�üÇc
O {#ý f for small ý andthestaticmagneticsucseptibilityü exhibit a
gaplike behavior aroundthecharacteristictemperaturewherethe � ( X}c*~ { ~df ) componentof theFourier
transformationof thespincorrelationfunctiongrows signi£cantly. It con£rmsthat thepseudogapphe-
nomenaarecausedby theenhancementof theantiferromagneticspincorrelationevenfor the two-hole
systemwith thesingletgroundstate.Thustheconclusionis expectedto bevalid in thebulk systems.It
is alsofoundthatthepsedogapphenomenaarealmostindepnedentof theexternalmagnetic£eld,which
is consistentwith therecenthigh magnetic£eldmeasurement.[4]
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A Josephsonjunction is a nonlinearcircuit element:thecurrentthroughan idealJosephsonjunction is
proportionalto the sineof the integral of the voltageacrossthe junction. The work hasbeencarried
out both numericallyandalso using an electronicsimulationof a Josephsonjunction interfacedto a
computer. It will be demonstratedthat therearerealadvantagesin studyingthis systemin theseways.
Forexample,it is possibleto makemeasurementsonthemodelswhichcannotbemadeonarealjunction;
leadingto abetterunderstandingof someof thephenomenaobserved.

By interfacinganelectronicsimulationof a Josephsonjunction to a (digital) computeroneobtainsthe
advantagesof an analoguecomputer:very high speedat very low cost,without the disadvantageof
intrinsically low accuracy in theresults.

Whenstudyinga nonlineardynamicalsystemonevery often doesnot know in advancewhat sort of
qualitativebehaviour to expect:thismeansthatonehasto rely ontheexperimentalexpertiseandintuition
of theinvestigator. This in turnrequiresthattheremustbeagoodvisualdisplay, thattheinvestigatorcan
easilychangethe“experimental”conditionsandthatthesystemmustrespondreasonablyrapidly to such
changes.An electronicsimulationis very satisfactoryfor pilot studies,aswill beexplained.

We have investigatedtheMcCumbermodelof a junction(an ideal junctionshuntedby a capacitorand
a resistor),sometimesin parallelwith anLCR circuit, driven by a steadycurrent,andsometimesa su-
perimposedalternatingcurrent.In boththenumericalandtheelectronicsimulationsthedriving currents
andthecircuit parameterscanbeadjusted.Usuallythedriving currentis varied(slowly), while keeping
thecomponentvalues£xed.

Ourobservations,obtainedby varyingthedriving current,include:

1. A perioddoublingsequenceleadingto chaos,with windows of orderin thechaos
2. “Fractionalquantumeffects” in thevoltage-currentcharacteristic.

Whenthereis a superimposedsinusoidalcurrent(simulatinganrf £eld) thevoltagecurrentchar-
acteristicexhibits stepswhoseheightis proportionalto the¤ux quantum.Both for real junctions
andin our simulationsone£ndsstepheightswhich area fraction(e.g.onethird) of theexpected
height.Thisobservationwill beexplained.

3. The Lyapunov exponentsof the junction plus LCR circuit (in 4 dimensionalphasespace)have
beenstudied:over muchof thecurrentrange,two of thefour exponentsaredegenerate,but there
is asmallregion,outsidethechaoticregime,wherethedegeneracy is lifted. Thiswill bediscussed.

Someof theadvantagesof a computationalphysicsapproachareshown in this work. In realJosephson
junctionsthe voltagestepsaremeasuredin microvolts for a frequency measuredin gigahertz:this is
experimentallydif£cult. In a simulationthe stepscan be measuredin volts, at a frequency of a few
kilohertz.However therearealsomorefundamentaladvantages:it is possibleto measurethe currents
througheachof the threecomponentsof theMcCumbermodel.In a real junction,suchmeasurements
areobviously impossible.It wouldalsonotbepossibleto measureLyapunov exponentsin a realsystem.
It canthereforebeseenthatComputationalPhysicscan,in somecircumstances,provide informationnot
obtainablein any otherway.
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In thelastfew yearsusingmodern,massively parallelsupercomputers,theparameter-freecalculationof
complex, low-dimensionalmagneticstructureshasbecomepossible.The basicunderstandingof these
structuresis of signi£cantimportancefor themagneticrecordingindustryandfor othernanotechnologi-
calapplications.Wepresentadetailedaccountof theimplementationandapplicationof aformalismthat
allows to calculatecomplex, non-collinearmagneticstructuresin theFLEUR code,a programbasedon
the full-potential linearisedaugmentedplanewave (FLAPW) method.This methodrelieson thevector
spin-densityformulationof densityfunctionaltheorywith a (locally) collinearmagneticexchange-£eld
in thevicinity of theatoms.

Strategiesto applythiscomputationallydemandingformalism(whichrequiresthesolutionof large,gen-
eralisedandcomplex eigenvalue problems)to realisticsystems,e.g.a two-level parallelisationof the
codeandalgorithmicalmodi£cationsto extendthescalabilityof theprogram,will bediscussedin detail.
Specialemphasiswill beput on theinvestigationof surfaces,which areembeddedin semi-in£nitevac-
uumto avoid thecomputationaloverheadof conventionalrepeated-slabcalculations.Exploiting further
symmetries,we canapplyourmethodto evenlarger, morerealistic,systems.

At presentthreeapproachesto dealwith non-collinearmagnetismareimplemented:(i) arbitrarycom-
mensuratespin-structuresby employing a (intra-atomicnon-collinear)constraint-£eld,(ii) incommen-
suratespin-spiralsand (iii) the relaxationof the spin directions.Technicalaspectsas well as several
recentresultsof calculations,e.g.of fcc-Fe,Mn(100)and(111)monolayersarepresented.Apart from
commensuratespin structureswe alsodiscussthe calculationof materialswith incommensuratespin
spirals.We show how to explore themagneticphasediagramsby relaxationof thespindirectionsand
calculationswith constrainedspindirections.A systematicapproachto theinvestigationof themagnetic
ground-stateof a systemis the combinationof theseab-initio calculationswith modelHamiltonians.
With thismethod,anew groundstatefor theMn/Cu(111)systemhasbeenfound[1].
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Using KKR Green’s function methodand densityfunctional theory we presenta novel approachfor
calculationsof many body interatomicpotentialsfor transitionmetalnanostructureson metalsurfaces.
[1]

Potentialsareformulatedin thesecond-momenttight bindingapproximation.Theparametersof poten-
tials areoptimizedsimultaneuslyby including in the£t the resultsof the£rstprinciplecalculationsof
selectedcluster-substrateproperties,forcesactingon adatomson thesurface,andab initio andexperi-
mentalbulk properties.Suchapproachallows oneto reproducewell thebulk andsurfacepropertiesof
thesystemunderinvestigation.

Magneticeffectsontheinteratomicinteractionsareinvestigatedby meansof £ttingto theresultsof both
spin-polarizedandnon-magneticcalculationsfor transitionmetalclusterson metalsurfaces.

Severalexamplesof themostrecentapplicationsof ourmethodarepresented.We concentrateon relax-
ationsandatomisticprocessesin theearlystagesof CoandFethin £lm growth ontheCu(001).[2] to an
unusualshapeevolution in mesoscopicislands.[3]

Weshow thatstrainrelief hasastrongimpacton thegrowth processleading

We demonstratethat magnetismeffects the shapeof clustersandpromotestheir sinking into the sub-
strate.We reveal the in¤uenceof magneticinteractionsin mesoscopicislandson the 2D-3D structural
transitions.
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Realisticmodelsfor the dynamicbehavior of magneticmaterialscanbe constructedfrom simplespin
models;however, the theoreticalanalysisof experimentallyaccessiblequantities,suchasthe dynamic
structurefactor, is usuallytoodemandingfor analyticalmethods.Computersimulationscannow provide
informationaboutdynamiccritical behavior of modelmagneticsystemsthat is amenableto direct and
quantitative comparisonwith experimentalresults.Simulationscanalsoyield new insightsinto long-
standingcontroversiesbetweentheoryandexperimentor betweencompetingtheories.

In this paperwe studytheeffect of single-siteuniaxialanisotropy on thecritical dynamicsof a classical
Heisenberg antiferromagneton a body-centeredcubic lattice with nearest-neighborinteractionsonly.
Examplesof goodphysicalrealizationsof this modelareMnFC [1] andFeFC [2] with weakandstrong
anisotropy, respectively.

Thedynamicbehavior of thismodelis investigatedthroughlarge-scalespin-dynamicssimulations,using
latticeswith linearsize a����6H , andbothvectorandmassive-parallelprograms.Timeevolutionsof spin
con£gurationsweredeterminednumericallyfrom coupledequationsof motionfor individualspinsusing
analgorithmimplementedby Krechetal [3], which is basedon fourth-orderSuzuki-Trotterdecomposi-
tionsof exponentialoperators.Thedynamicstructurefactor q�c
O {#ý f wascalculatedfrom thespace-and
time-displacedspin-spincorrelationfunction.Dynamic£nite-sizescalingtheorywasusedto estimate
thedynamiccritical exponentof thesystem.

Resultsfor the transverseand the longitudinal componentsof qdc
O {#ý f show that while the former is
propagative, with a relatively short time scale,the latter is diffusive andits computationrequiresvery
long time integrations.Preliminarydynamic£nite-sizescalinganalysesfor theweaklyanisotropiccase
show that the asymptoticregion is very narrow, therebyan accurateestimateof the dynamiccritical
exponentrequirestheusageof very smallvaluesof themomentumtransferO , accessibleonly with very
large latticesizes.Althoughnot yet conclusive, our resultsfavor thepredictionsby therenormalization
grouptheory[4] over theoreticalresultsof adynamicscalingargument[5].

Becauseof dif£cultiesfor experimentsto probethecritical region, experimentaldatahave not yet been
ableto distinguishbetweencompetingtheories.While limited by £nitelatticesizeand£niteintegration
time,simulationsoffer thehopeof sheddinglight on thedifferencesbetweentheoriesandexperiment.�
Supportedby theNationalScienceFoundationandSanDiegoSupercomputingCenter.
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Weinvestigatesphericalmacroionsin thestrongCoulombcouplingregimewithin theprimitivemodelin
salt-freeenvironment.We£rstshow thatthegroundstateof anisolatedcolloid is naturallyovercharged
by simpleelectrostaticargumentsillustratedby theGillespierule[1, 2]. Wefurthermoredemonstratethat
in thestrongCoulombcouplingthismechanismleadsto ionizedstatesandthusto longrangeattractions
betweenlike-charged spheres.Using moleculardynamics(MD) simulationswe studiedin detail the
counteriondistribution for oneandtwo highly chargedcolloidsfor thegroundstateaswell asfor £nite
temperatures.We compareour resultsin termsof a simpleversionof a Wigner crystaltheoryand£nd
excellentqualitative andquantitative agreement.

We showed that for two like-charged macroions(symmetriccase),an initially randomlyplacedcoun-
terion cloud of their neutralizingdivalentcounterionsmay not be equallydistributed after relaxation,
leadingto two macroionsof oppositenetcharges[1, 2]. Theresultingcon£gurationis metastable,how-
ever separatedby anenergy barrierof several

Ì�� Ú ñ whenthebarecharge is suf£ciently large,andcan
thussurvive for long times.Suchcon£gurationpossessanaturalstronglong rangeattraction.

However, if the symmetryin the surfacemacroioncharge density P (both macroionsare negatively
charged)is suf£cientlybroken, the ionizedstateis stable. Thegroundstateof sucha systemis mainly
governedby two importantparameters,namelythe asymmetryin the counterionconcentrationdeter-
minedby ò P��8U ò P � , andthecolloid separationR [1, 3].

More recently, we carriedout MD simulationsto elucidatetheeffect of colloidal charge discretization
[4]. Insteadof consideringacentralbarecharge,asit is traditionallydone,wedistributediscretecharges
randomlyon the sphere.One importantresult of this study is that, in the strongCoulombcoupling,
thecharge inversionis still effective whenthemacroionstructuralcharge is carriedby discretecharges
distributedrandomlyover its surfacearea.Wehave shown thattheintrinsic electrostaticpotentialsolely
dueto thesurfacecolloidal microionsstronglyvary from point to point on themacroionsphere.When
counterionsare present,it leadsto a pinnedstructurewhereevery counterionis associatedwith one
colloidal charge site.Furthermorewe observed a purephonon-like behavior (counterionvibrationwith
small lateralmotion)at roomtemperature.
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Optimalgeometricalarrangements,suchasthestackingof atoms,areof relevancein diversedisciplines
[1]. A classicproblemis the determinationof the optimal arrangementof spheresin threedimensions
in orderto achieve thehighestpackingfraction;only recentlyhasit beenproved[1] that theanswerfor
in£nitesystemsis a face-centred-cubiclattice.This simplystatedproblemhashada profoundimpactin
many areasrangingfrom thecrystallizationandmeltingof atomicsystems,to optimalpackingof objects
andsubdivisionof space.Herewestudyananalogousproblem–thatof determiningtheoptimalshapesof
closelypackedcompactstrings.Thisproblemis amathematicalidealizationof situationscommonlyen-
counteredin biology, chemistryandphysics,involving theoptimalstructureof foldedpolymericchains.
Theproblemis tackledby a stochasticoptimizationtechniqueswhich exploits ideasdevelopedrecently
in the context of ideal knot shapes[2]. In particular, for a £xed con£ningboundary(a box, or upper
limit to radiusof gyration)we searchfor the (discretised)centerlinesof the thickest tube that canbe
accomodated.Themaximumthicknesscanbe limited by local tight bendsor by thecloseapproachof
distantpartsof thetube.We £ndthat,in caseswhereboundaryeffectsarenot dominant,heliceswith a
particularpitch-radiusratio areselected.Strikingly, thesameratio (to within 1%) is observed in helices
in naturally-occurringproteins[3]. It is alsoshown, that, to thesameaccuracy alsothedoublehelix of
DNA satisfyananalogousoptimalctriterion[4].
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Polyelectrolytes,i.e., chargedpolymers,have receiveda lot of attentionin recentyears.Polyelectrolyte
brushesconsistingof charged polymerswhich are denselyend-graftedto a surface form the subject
of substantialinterestby theoryand experiment.They arealso interestingfrom the point of view of
applications.Molecular dynamicssimulationsprovide an excellent meansto study polymer systems.
We have performedstochasticmoleculardynamicssimulationsof polyelectrolytebrushesat various
grafting densitieswith both completelycharged and partially charged chains.A freely jointed bead-
chain model was adopted,wherethe monomersare connectedby nonlinearspringsand end-grafted
to a rigid surface.The counterionsare explicitly modeledas charged particles.A specialfeatureof
brushsimulationsconsistsin the2D+1slabgeometryof theproblem.Thesimulationbox is periodicin
lateraldirectionsand£nitein 	 -directionperpendicularto thegraftingsurface.To sumthefull Coulomb
interactionin a2D+1geometryweuseanapproachproposedby Leknerandmodi£edby Sperb[1].
A numberof theoreticalmodelshavebeensuggestedfor effectiveattractionsbetweenlikely chargedrigid
rodsandfor chaincollapsein solutionsof ¤exible polyelectrolytes.For the£rsttime,we have observed
a similar chain collapsein strongly charged polyelectrolytebrushes[2, 3]. The salientfeatureof the
collapsedphase,not explained in previous theoriesfor polyelectrolytebrushes,is that the monomer
densitystaysconstantasthe grafting densityandthe polymer length is varied.For moderatestrength
of the Coulombinteraction,we £nd that the counterionsare completelycon£nedto the brushlayer.
In addition,althoughthe Bjerrum length 
 � (which setsthe interactionstrength)is smallerthan the
averagechargeseparationonthechain,strongcounterioncondensationis observed.Reducingthedegree
of charging � we £nda crossover from thecollapsedregimewherethebrushheightscaleslinearly with
thegraftingdensityõ� to aneutralbrushbehavior with aheightproportionalto õ BÉÈ»J� [4].
Thenatureof thecollapsedphasecanbeunderstoodon thebasisof asimplescalingmodel.Includinga
Debye-Ḧuckel correlationtermin thetotal freeenergy, indeedgeneratesa new collapsedregimewhere
theattractiveDebye-Ḧuckel interactionisbalancedby thesecondvirial of monomersandcounterions[4].
ThetheoreticalmodelpredictsthatthebrushpropertiesaredependentontheratiobetweensecondvirialÞ C andBjerrumlength 
 � . Simulationresultsindicatea non-monotonicbehavior of thebrushthickness
when 
 � is varied [2]. Reducing
 � we obtaina stretchingup to about Y6[6G of contourlengthbefore
the couplingbetweenpolyelectrolytecharge andcounterionsbecomestoo weakandthe brushrelaxes
backinto a quasi-neutralcon£guration.Systematicstudiesof the dependencieson interactionstrength
andsecondvirial con£rmthe predictionsof theory. DecreasingÞ C by reducingthecounterionsizewe
£ndthechaincollapseto beenhanced.On theotherhand,ondecreasing
 � thecollapsedisappearsand
thebrushis shiftedtowardsso-calledosmoticbehavior.
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The underlyingmechanismsof plasticdeformationin amorphouspolymersremainan openquestion.
The dif£cultiesof understandingthebasicmechanismsgoverningamorphouspolymerbehaviour stem
from the complex microstructureand microstructuralrelaxationthat dominatethe materialresponse.
Very recentwork[1] suggeststhatcollective segmentaldynamicsplaysa key role here.Thegoalof this
work is to provide betterunderstandingof thecontribution of the inter- andintramolecularinteractions
in amorphouspolymersto quasielasticpropertiesanddynamicmechanicalstress-strainbehaviour. The
mostchallengingquestionis whetherthe differencein the segmentalmobility of differentamorphous
polymers(e.g.,polystyreneandpolycarbonate)canexplain the obvious differencein their mechanical
response.
In the presentwork moleculardynamicsNPT simulationsof bulk atacticpolystyrene(PS) wereper-
formedin a temperaturerangefrom 100K to 600K andin a broadpressurerangefrom 1 barto 10 kbar.
Theforce-£eldparametersemployedaretakenmostlyfrom [2]. Simulationswereperformedupto 10-20
nswith theleap-frogalgorithmat a timestepof 2 fs.
The MD-determinedspeci£cvolumevs temperaturecurvesare in a goodagreementwith experimen-
tal dataat different valuesof the appliedpressure.The measuredglasstransitiontemperature,

Ú��
, is

displaced,asexpected,to somewhat highertemperaturethanthe longer-time experimentalvalue.Cal-
culatedstatisticalproperties(radiusof gyration,end-to-enddistance,distribution function of torsional
angles)weaklydependon temperatureandpressurein thewholeP-T regionstudiedhere.
Localdynamicalpropertiesin thevicinity of

Ú��
havebeeninvestigated.Translationalmobility wasstud-

ied in broadtemperatureandpressurerangeby measuringthe meansquaretranslationaldisplacement
of beadsasa functionof time. The long time asymptoticslopeof thesedependenciesis closeto 0.5 atÚ � Ú��

at all appliedpressures,showing diffusive behaviour. Local translationalmotion is essentially
frozenin theglassystate,but theonsetof diffusive behaviour canalreadyberecognizedin sub-

Ú��
sim-

ulationdata.Legendrepolynomialsof the£rst,
µ B c*eNf , andsecond,

µ C c*eNf , orderhave beencalculatedfor
thebondsin themainchainandalongthephenyl sidegroups,throughthesethechangein orientational
andtranslationalmobility with differentpositionsalongthePSchainandits temperatureandpressure
dependencieswereexamined.The calculatedorientationalrelaxationtime wasalmostconstantin the
middlepartof thechainmorethan3-5 monomerunitsaway from thechainends,decreasingdrastically
by a factorof 5 towardthechainends.
Theuniaxialdeformationof amorphousPShasbeenstudiedfor the£rst time usingthe loosecoupling
constantpressurealgorithmof Brown andClarke, [3]. ThePSsamplewassubjectedto a graduallyin-
creasinguniaxial tensionby changingoneof thecomponentsof theappliedpressuretensor. Resultson
theyield andplasticbehaviour at low temperatureswill bediscussed.
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The spreadingdynamicsof polymer dropletsin condition of completewetting on an ideally ¤at and
structurelesssolidsubstratehasbeenstudiedby aMonteCarlosimulation,usingacoarse-grainedbead-
springmodelof ¤exible macromolecules.For the£rst time we £ndevidencein a computerexperiment
thatTanner’s law[1] for thegrowth of thedropletradius � c*e�fïÅ�e BÉÈ B*ñ andcontactangle �lÅ�e ` ñ�� J
holdson nanoscopicscales.The densitypro£les,Fig.1, con£rmearlierpredictions[2] that the central
cap-shapedregion of the droplet shrinksat the expenseof a transitionregion (”foot”) surroundedby
a precursor £lm which is roughly onemonolayerthick. At later times the precursor£lm breaksinto
individual polymerchainsandadvancesin a typically diffusive mannerasobserved in experiment[3].
Thecon£rmedvalidity of Tanner’s law down to nanoscopicscalesappearsratherremarkablegiventhat

Fig. 1. Contourdiagramsof theradialdensityof a droplet,consistingof ����� polymerchainseachof �������
monomers,beforeandafter (time � �"!$#%�'&$( MCS) theadsorptionstrengthof thesubstratepotentialhasbeen
switchedfrom partialto completewetting.Adjacentisolinesareshiftedby �*)+��� of thebulk densityof themelt.
An attractive potential ,.-�/1020435��)76 K actson thedropin 6 -direction.

the law wasderived from macroscopichydrodynamics[1]. It supportsour recent£nding[4] that typi-
cal macroscopicquantitieswhich characterizewetting,suchasYoung’s angleor surfacetension,retain
meaningevenat scaleswhereonegoesover from continuousto discretedescriptionof matter.

High ef£ciency of our off-lattice Monte Carlo algorithmis achieved by meansof integer-basedbinary
arithmeticsin combinationwith link-cell listswhile thenecessarystatisticalaccuracy requiredaveraging
ona parallelcomputerwith L6Y6Ã PES.

References

1. L. H. Tanner, J.Phys.D 12, 1473(1979).
2. P. G. deGennes,Rev. Mod. Phys.57, 825(1985).
3. F. Heslot,A. M. Cazabat,andP. Levinson,Phys.Rev. Lett. 62, 1286(1989)
4. A. Milchev andK. Binder, J.Chem.Phys.(2001,in press).

O11



Lar gesheardeformation of particle gelsstudiedby Brownian
dynamicssimulations

A.A. Rzepiela
MathematicalandStatisticalMethodsGroup,WageningenUniversity, Dreijenlaan4,

6703HA Wageningen,TheNetherlands

e-mail: Anna.Rzepiela@mat.dpw.wag-ur.nl, fax:+31317483554

Colloidal particlegelsform anextensively bondednetwork consistingof weaklybondedcolloidal parti-
clesinterpenetratedby a suspending¤uid.Structureof sucha gel canbedescribedwith fractalanalysis
[1], andit is stronglydeterminedby theaggregationkineticsandreorganisationof thesystem[2]. The
concentrationof particlesin thosesystemscanbequitelow, but themechanicalpropertiesarestill dom-
inatedby thenetwork ratherthanby theinterpenetrating¤uid.

Whena colloidal gel is put understressits equilibriumstructureis £rstdeformedand£nally destroyed.
Thedeformationbehaviour is relatedto thestructureof thegel andits reversibility dependsbothon the
durationandthe sizeof the actingforce. Often gelsdo not exhibit clear fracturebut show a yielding
transitionfrom elasticto a viscousregime.Many modelswerepreviously developedto describeshear
deformationand¤ow of aggregatingcolloidal suspensions[3, 4]. They describea wide rangeof colloid
volume fractions,up to w�X H6æ8��Í , anda wide rangeof shearratesbut generally, small strains.Also
modelsweredevelopedto describebrittle versusductilefracturebehaviour understrainfor crystalsolids
[5].

Herewe reporton a largenon-af£nesheardeformationof particlegels.In contrastto af£ne,non-af£ne
deformationomits ¤ow £eldsin the bulk of the systemandthe shearforcesact on the perpendicular
surfacesof the material.This technique,to our knowledgenot usedbeforefor studyingsheargel de-
formation,is a bettermodelof a real rheologicalexperimentasthe network, not the suspending¤uid,
determinesthe mechanicalresponseof a gel. In the non-af£nedeformationmodel the systemevolves
to greaterrelative strainsbeforeit rupturesor yieldsasthesystemreorganisationplaysmoreimportant
role.

Brownian Dynamicssimulationshave beenperformedwithin a ball andstring model.We considera
systemof 10 000elasticspheresplacedin a periodic3D cubicbox with volumefraction w@X H6ævL . The
particlesinteractthroughpotentialsmodelledby a harmoniccentralrepulsionandnon-centralbonding
attraction,uponstretchingbondsmaybreak.

We reporton the large non-af£ne deformationbehaviour of particlegels in a rangeof shearrates.In
theusedrangeof modelparameterswe observe a wide rangeof rheologicalbehaviour, andit waspos-
sible to distinguisha ductile fractureanda yielding transition.We supportthe £ndingswith available
dataanddiscussthe microstructuremechanismof the processesidenti£ed.Presentlywe are implying
modi£cationsto ourmodelto alsoincludebrittle fracture.
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NöthnitzerStr. 38,D-01187DresdenE
Max-Planck-Institutefor QuantumOptics,

Hans-Kopfermann-Str. 1, D-85748Garching

phone(++49+351) 8712211,fax (++49+351) 8712299,
e-mailabu@mpipks-dresden.mpg.de

Highly excitedatoms(’Rydberg atoms’)exposedto strongelectromagnetic£eldsareexperimentallyac-
cessible,perfectlow-dimensionalmicro-laboratorieswhichdisplayfundamentalphenomenaof coherent
quantumtransportin disorderedmedia(Andersonlocalization,conductance¤uctuations),togetherwith
the characteristic“£ngerprintsof chaos”of dynamicalsystemswith a mixed regular-chaoticclassical
phasespacestructure(nondispersive wave-packets,scarredwave functions,chaos-assistedtunneling).
However, dueto thecomplexity of their spectralstructureinvolving multiply degeneratecontinuaand,
possibly, quantumscatteringoff a multielectroncore,theseobjectsremainedso far unaccessibleto a
rigouroustheoretical/numericaltreatment.As a matterof fact,theatomicionizationproblemis charac-
terizedby a densityof stateswhich scalesas ��Ññ , � ñ · G6Hïæ�æ�æ�L6H6H theprincipalquantumnumberof the
atomicinitial state,andmultiphotonprocessesof order L6çïæ�æ�æ�L6Y6H . Consequently, anaccuratenumerical
treatmentwithout any essentialapproximationamountsto thediagonalizationof a complex symmetric,
bandedgeneralizedeigenvalueproblemwith a typical dimensionof approx.1000000,anda bandwidth
around6000.To determinetheatomicionizationprobabilityunderexternaldriving at given frequency
andamplitude,approx.5000eigenvaluesin thevicinity of theunperturbedenergy of the initial atomic
statehave to beextracted.

Suchrequirementsrepresenta formidablechallengefor the mostadvancedcomputationaltechniques
andfacilities. Combiniggrouptheoreticalmethods,R-matrix andFloquettheory, complex dilation of
theHamiltonian[1], andanintelligent,parallelimplementationof theLanczosalgorithmwith excellent
scalability(with a Cholesky decomposition,theactualLanczositeration,anda matrix inversionasthe
fundamentalbuilding blocks),we recentlysucceededto tackle this problem.Accessto the currently
largest,massively parallelsupercomputeravailablein theacademicrealm,theHitachiSR8000-F1of the
Leibniz-RechenzentrumderBayerischenAkademiederWissenschaften,hasbeenabsolutelycrucialfor
therealizationof thisproject.

With our latestresults,we now understand[2] the apparentlyenhancedionizationof non-hydrogenic
alkali Rydberg statesunderperiodicdriving, ascomparedto Rydberg statesof atomic hydrogen[3],
an experimentalobservation which remainedunexplainedandquestionablefor morethanonedecade.
This highlightsthe importantrole of computationalphysicsfor theunderstandingof complex quantum
transportphenomena.

The talk will discussbasicaspectsof the numericaltreatment,and touch upon the abovementioned,
longstandingpuzzleof atomicionizationdynamics,in thelight of adirectcomparisonbetweenlaboratory
andnumericalexperiments.
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Recentlyvariousnew conceptsfor theconstructionof Dirac operatorsin latticeQCD have beenintro-
duced.A commonpropertyof theseoperatorsis thatthey – at leastapproximately– satisfytheso-called
Ginsparg-Wilson condition(GWC)[1].Suchoperatorsobey theAtiyah-Singerindex theoremandviolate
chiral symmetryonly in a modestandlocal form. In earlierwork [2] we suggesteda methodto system-
atically expandthe latticeDirac operatorin termsof simplelatticeoperatorsandto turn theGWC into
a large algebraicsystemof coupledequationsfor the expansioncoef£cients.The solution for a £nite
parameterizationleadsto anapproximateGinsparg-Wilson operator.

SuchanimprovedDirac operatorhasbeenconstructedin 2-d for theSchwingermodel[3] andalsofor
QuantumChromodynamicsin 4-d [4], whereananalysisof its spectrumrevealedintriguingproperties.

Oneof the expectedadvantagesis a betterperformancewhenusedasa startingpoint for the determi-
nationof the overlapDirac operator, which satis£esthe GWC exactly, but is usuallycomputationally
extremelyexpensive. Herewe presentstudiesin 4-d for morerealisticSU(3)gaugecon£gurationswith
non-trivial topologicalcontent,including model con£gurationswith instantons.We study the ¤ow of
eigenvaluesandwe comparethenumericalstability andef£ciency of theimprovedoperatorwith thatof
othersin this respect.
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Hadronicproperties,suchasthe lightnessof thepion massesandtheabsenceof parity doubletsin the
mesonsector, stronglyindicatethat chiral symmetryis broken spontaneouslyin QCD. A greatdealof
insight in suchnonperturbative phenomenahasbeenobtainedfrom extensive lattice QCD simulations
over the last two decades.But what is theparticularphysicalmechanismin QCD which is responsible
for chiral symmetrybreakingis still amatterof strongdebate.

Recentlytheview of theQCDvacuumasastronglydisorderedsystemdueto thenonabeliangauge£elds
hasled to the conjecture[1], that chiral symmetrybreakingis manifestin the universaldistribution of
thelow lying eigenvaluesof thelatticeDiracoperatorandthereforecanbedescribedby RandomMatrix
Models.Thisconjecturehas£rstbeencon£rmedby latticegaugetheorysimulationsfor quenchedq:9�c
Y6f
[2] anddynamicalstaggeredfermions[2] andlaterfor all differentvaluesof theDysonsymmetryindex
[3].

A very interestingquestionis whethertheeigenfunctionsof thecorrespondingeigenvaluesof thelattice
Dirac operatorcanbe exponentiallylocalized. This phenomenonis calledAndersonlocalizationfor a
metal-insulatortransitionwhenthedisorderbecomessuf£cientlystrong.Therefore,if chiral symmerty
is spontaneouslybroken, the eigenfunctionsof the Dirac operatormustbe spatiallyextended.Indeed,
our £rst resultsfor quenchedq:9=c
Y6f gaugetheorywith staggeredfermionsarein agreementwith these
expectations[4].

Thecalculationof thespectrumof theDiracoperatoris performedonaCRAY T3Edividing thephysical
fourdimensionallatticeinto non-overlappingsublatticeof equalsize.Weuseak-stepArnoldi methodfor
approximatingthelow lying eigenvaluesandcorrespondingeigenvectors.For detailsof theperformance
andscalabilitymeasurementsof theimplementationsee[5].

In conclusion,thehigh-statisticsstudyof theeigenvaluespectrumof thelatticeQCDDiracoperatorwith
particularemphasisonthelow- lying eigenvaluesandeigenvectorsprovidesstrongevidencefor Random
Matrix universality. In addition,theseresultsindicatea novel link to disorderedsystemsin condensed
matterphysics.
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Themodernunderstandingof critical phenomenais governedby thenotionof scaleinvariance.We are
interestedin systemswith stronglyanisotropiccritical points,wherethevalueof theanisotropy exponent� differsfrom unity. In thesecases,thetwo-pointfunctionsatis£esthescalingformå c Ë�; { � y f�X<� ` C>=; ê-c?� y � `A@; f (1)

where� y and Ë�; arethedistancesparallelandperpendicularto a chosenaxis, z is a scalingdimension,� is the anisotropy exponentand ê-c*ÞÊf is a scalingfunction. Scaleinvariancealoneis not enoughto
determinetheform of thefunction ê-c*ÞÊf . While dynamicalscaling(1) occursin critical dynamicsor in
truenon-equilibriumphasetransitions,it is alsoobserved at stronglyanisotropicequilibriumcriticality
asfor exampleLifshitz pointsencounteredin systemswith competinginteractions.Thesimplestmodel
for theseis theANNNI model[1].

A recentlyproposedgeneralizationof conformalinvarianceinvolving local space-time-dependent scale
transformationsfor anisotropy exponents�àX Y6[�� èXìL [2] leadsto a differentialequationfor ê-c*ÞÏf
which canbe solved explicitly. In this contribution, the ideaof local scaleinvarianceis testedin the
ANNNI modelby checkingtheresultingexpressionsfor ê¢c*ÞÏf .
Wepresentthenumericalcomputationandthoroughanalysisof thecritical spin-spincorrelationfunction
at theuniaxialLifshitz point of theANNNI model[3]. Thedataareobtainedby simulatingsystemsof
anisotropicshape(takinginto accountthespecial£nite-sizeeffectscomingfrom theanisotropicscaling)
with anewly developedvariantof theWolff clusteralgorithminvolving the¤ippingof clusterscontaining
spinsof both signsandspeciallysuitedfor the studyof systemswith competinginteraction[3]. This
enablesusto simulatein thevicinity of theanisotropiccritical point systemsfar larger thanin previous
studies.Thelocationof theLifshitz point is determinedwith ahighprecision.Muchmorereliablevalues
for the Lifshitz point critical exponentsareobtainedthan previously. Our estimationsfor the critical
exponentsare: W X H6ævL6Ã6c
Y6f , B X H6ævY6G6Ã6c
ç6f and ¼ X L6ævG$�6c
G6f . For the computationof the spin-spin
correlationfunctionwe adapta recentlypresentedvery ef£cientmethod[4] to systemswith competing
interactions.In thepresentstudythescaling(1) is veri£edfor the£rsttime.

A comparisonof the numericallycomputedscalingfunction with the analyticalexpressionfor ê-c*ÞÊf
derived undertheassumptionof local scaleinvarianceyieldsexcellentagreement.Thecon£rmationof
the applicability of local scaleinvarianceto this situationsuggestsa new dynamicalprinciple for the
descriptionof equilibriumsystemswith anisotropicscaling.
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In non-abeliangaugetheoriesdifferenttopologicallynontrivial con£gurationshavebeenmaderesponsi-
ble for non-perturbative features.An importantclassareinstantons,whicharesolutionsof theEuclidean
£eld equationswith non-vanishingtopologicalcharge. They give contributions to the saddle-pointap-
proximationof Euclideanfunctionalintegrals,which leadto non-perturbative effects.For a review see
[1].

In recentyearsmucheffort hasbeendevoted to lattice Monte Carlo calculationsof propertiesof the
instantonensemble[2]. Of centralimportanceis thedistribution of instantonsizes,which is relatedto
theinfraredproblemof nonperturbative instantoncontributions.

In this work we investigatethe distribution of instantonsizesin the framework of a simpli£edmodel
for ensemblesof instantons.Thismodeltakesinto accountthenon-dilutenessof instantons.Theinfrared
problemfor theintegrationoverinstantonsizesisdealtwith in aself-consistentmannerby approximating
instantoninteractionsby a repulsive hardcorepotential.This leadsto a dynamicalsuppressionof large
instantons.Thecharacteristicfeaturesof theinstantonsizedistribution arestudiedby meansof analytic
andMonteCarlomethods.In onedimensionexact resultscanbederived. In higherspace-timedimen-
sionsweemployedanalyticalapproximationsaswell asMonteCarlosimulations.ThenumericalMonte
Carlocalculationsaredonein thegrandcanonicalensemble.Wehave developpedandimplementedthe
appropriatealgorithmandperformedsimulationsfor differentsetsof parameters.

In any dimensionwe£ndapowerlaw behaviour for smallsizes,consistentwith thesemi-classicalresults.
At largeinstantonsizesthedistribution decaysexponentially. Theresultsarecomparedwith thosefrom
latticesimulations,e.g.[3]. Theresultsindicatethatour simpli£edmodelreproducesthemain features
of instantonensembleswith adynamicalinfraredcut-off.
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The geometricpropertiesof the critical ¤uctuationsin abeliangaugetheoriessuchas the Ginzburg-
Landaumodelareanalyzedin zerobackground£eld.Usingadualdescription,weobtainscalingrelations
betweenexponentsof geometricand thermodynamicnature.In particularwe connectthe anomalous
scalingdimensionC of thedualmatter£eldto theHausdorff dimensionjED of thecritical ¤uctuations.

Andersonhasproposedthe breakdown of a generalizedrigidity associatedwith proliferation of de-
fect structuresin an orderparameterasa generalfeatureof 2nd orderphasetransitions. In the con-
text of three-dimensionalsuper¤uidsandextremetype-II superconductors,this hasbeendemonstrated
explicitly[1 ]. In this casethe topologicaldefectsareclosedloopsof quantizedvorticity, andthis paper
concernstheir geometricalproperties.

Wewill mainly concentrateon the£eldtheory

äGFùX�Ù C F5H IJH C � ]KFY H IJH Ò � H LMIEH C { (1)

i.e.aneutral H IJH Ò theory. Thecritical ¤uctuationsof this theoryareclosedvortex loops.Theseloopshave
long rangeinteractions,andcanbedescribedby a dual £eldtheorywherethematter£eld w is coupled
to agauge£eld N mediatinglong rangeinteractions.

Henceby studyingthe vortex tanglefrom Eq. 1 we canalso learnaboutthe critical propertiesof the
dual theory. In particularwe have founda relationrelatingthe anomalousdimensionC�O of the w £eld
to the geometricalpropertiesof the vortex tangle.Thesecan be summarizedby the exponents� { W
and C�O . P H Q USR H C4T Å � CVU , jtc
�8f�Åì� ` ©

and W�c Q { Rïf X X µ c Q { RZY���f)Å H Q USR H C ` � `A[ . For a
non-interactingwalker theseexponentscanbe foundanalytially, c
� { W { CÏf�X c
L6[6Y { ç6[6Y { H6f . For the in-
teractingwalkerwecannot£ndtheexponentsexcatly, but by invoking ascalingform for theprobabilityµ c Q { RZY���f we £ndthescalingrelations

C�O=� L� X}Y { L� X \
WúU�L æ (2)

We have doneMC simulationson the3DXY model[2], which correspondsto the latticeversionof Eq.
1 in the H IEH X å

approximation.From thephasedistribution of thematter£eldwe canextract vortex
loops,anddeterminetheexponent W . We have found thenumericalvalue W X Y6ævG6L , correspondingtoC�OùX�U�H6ævY$] and �)` B X�j D X�Y6ævY$] . Thedeviationsfrom theGaussianvaluesindicatethat thevortex
tangleis self-seeking,i.e. it packsspacemoreef£cientlythanarandomwalker. Thishasimplicationsfor
thepossibilityof a£nite£eldtransition.
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MolecularDynamics(MD) is oneof the mostpowerful methodsto studythe behavior of many-body
systemson a microscopicscale.The limiting factor in suchsimulationsis the immensecomputational
effort that is required.MD simulationsusuallycancover only a shortrangein time andspace.For this
reason,MD can in generalnot be usedto study dynamicalprocessesthat take placeon macroscopic
lengthscales.

Macroscopicprocessesmust be describedmore ef£ciently by continuumequations– the underlying
assumptionbeingthattheatomiccharacterof matteris largely irrelevanton super-atomiclengthscales.
Thereare,however, processesin which thisassumptionis known to beincorrect.For instance,in sliding
friction theatomicinteractionsin aregionof microscopicsize(thesurfacesin contact)conspireto forces
thataffectasliding bodyon amacroscopicscale.

The obvious solutionis to bring the two descriptionstogetherin a seamlessfashion.In sucha hybrid
simulation,mostof the representedvolumeis representedby a continuumwhile a small region is rep-
resentedusingMD. The two domainsareseparatedby an interfaceproviding a couplingmechanism.
Simulationsof this sorthave beensuccessfulin thecontext of solid crystals[1]. Simulationsof a liquid
statehave sofar beenlimited to highly symmetricsetups[2] or steady-statescenarios[3].

We reporton a new andgeneralschemeto build sucha couplingmechanism,basedon a mutualand
symmetricexchangeof ¤uxdensities– mass¤ux,momentum¤ux,andenergy ¤ux– acrosstheinterface.
Thequantitiesassociatedwith the¤uxesareconservedby construction.Thepresentwork is asigni£cant
extensionof acouplingschemepresentedearlierby someof us[4].

We considertwo domainsthatarecontrolledby continuumdynamics(thecompressibleNavier-Stokes
equations)andby particledynamics(MD employing a Lennard-Jonespotential),respectively. We mea-
surethecontinuummass¤ux,momentum¤ux,andenergy ¤uxattheboundaryof thecontinuumdomain,
andsimultaneouslyaveragethe complementaryparticle¤ux quantitiesat the boundaryof the particle
domain.We then£nd the arithmeticmeanof the pairsof ¤ux andimposethe mean¤ux asboundary
conditionsontoboththecontinuumdomainandtheparticledomain.

In our contribution, the approachand someaspectsof its implementationwill be described,and we
presentsomesimpletestapplications.
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We describean ef£cientandgeneralMonte Carlo algorithmusinga randomwalk in energy spaceto
obtaina very accurateestimateof thedensityof statesfor classicalstatisticalmodels[1, 2]. Thedensity
of statesis modi£edateachstepwhentheenergy level is visitedto producea¤athistogram.By carefully
controlling the modi£cationfactor, we allow the densityof statesto converge to the true value very
quickly, evenfor largesystems.Fromthedensityof statesattheendof therandomwalk,wecanestimate
thermodynamicquantitiessuchas internalenergy andspeci£cheatcapacityby calculatingcanonical
averagesatessentiallyany temperature.

Using this method,we not only canavoid repeatingsimulationsat multiple temperatures,but canalso
estimatetheGibbsfreeenergy andentropy, quantitieswhich arenot directly accessibleby conventional
MonteCarlosimulations.Thisalgorithmis especiallyusefulfor complex systemswith aroughlandscape
sinceall possibleenergy levelsarevisitedwith thesameprobability. As with themulticanonicalMonte
Carlotechnique[3], ourmethodovercomesthetunnelingbarrierbetweencoexistingphasesat£rst-order
phasetransitions.

We apply our algorithmto both 1st and2nd orderphasetransitionsto demonstrateits ef£ciency and
accuracy. Weobtaineddirectsimulationalestimatesfor thedensityof statesfor two-dimensionalten-state
Pottsmodelson latticesup to Y6H6H=r8Y6H6H andIsingmodelson latticesup to Y6ç$�=r�Y6ç$� . Oursimulational
resultsarecomparedto bothexactsolutionsandexistingnumericaldataobtainedusingothermethods[3,
4]. Applying this approachto a 3D ¤�¥ spinglassmodelwe estimatetheinternalenergy andentropy at
zerotemperature;and,usinga two-dimensionalrandomwalk in energy andorder-parameterspace,we
obtain the (rough)canonicaldistribution andenergy landscapein order-parameterspace.Preliminary
datasuggestthat theglasstransitiontemperatureis about L6ævY andthatbetterestimatescanbeobtained
with moreextensiveapplicationof themethod.Thissimulationalmethodis notrestrictedto energy space
andcanbeusedtocalculatethedensityof statesfor any parameterby arandomwalk in thecorresponding
space.
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Theunderstandingof Ising ferromagnetshasbeengreatlyenhancedby fastMonteCarlo (MC) simula-
tionsusingclusteralgorithms[1]. Unfortunatelythis techniquecannotbedirectly appliedto disordered
modelssuchasspin glasses(SG) becauseof frustration.Attemptshave beenmadeto generalisethis
methodbut theresultingalgorithmsarecomplicatedandthespeedincreasenot impressive. Othertech-
niquessuchasexchangeMC (EMC) (alsocalledparalleltempering)allow big improvementsover stan-
dardone-spin¤ip MC andarewidely usedfor SG.Neverthelessthesizesandtemperaturesaccessible
to simulationsarestill not enoughto clearly solve many importantissues(see[2] for a review on SG
simulations).

Wepresentanew clusterMC algorithmfor 2-dimensionalSGwhichis severalordersof magnitudefaster
thanpreviousMC techniques(namelyEMC). It thusgivesaccessto sizesandtemperatureswhich were
unreachablebefore.Thisnew algorithmcantreatany Isingspinsystemwhatever theinteractionsandthe
magnetic£eldso long it is 2-dimensionalwith nearestneighborinteractions.Note that transfermatrix
methodswhich arewidely usedfor 2-dimensionalsystemsare restrainedto “small” sizes,usuallyno
morethan L$��r � which appearsnot to beenoughto answercertainquestions.With our new tool we
have studiedtheproblemof theSGtransitionin the2-dimensional¤�¥ Edwards-Anderson(EA) model
for which severalquestionsarestill unsettled.In particularthevalueof thecritical temperature(zeroor
not)andthenatureof thedivergences(power laws or exponentials)arestill debated.

Usingthisnew algorithmwehavesimulatedsystemsof sizeupto L6H6H C down to temperature
Ú X}H6ævL (!).

We presentstrongevidencethat
Ú ø X H and that the correlationlength follows an exponentiallaw:x

ó ß�C>^`_ , which is differentfrom thestandardlore (namely

x
ó Ú `Aa ).

Thiswork hasalreadybeensubmitted[3]. New resultsareexpectedto beobtainedbeforetheconference
takesplace(in particularconcerningthe2-DimensionalSGwith Gaussiancouplings).
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We considertheapplicationsof a new numerical-analyticaltechniquewhich is basedon themethodsof
local nonlinearharmonicanalysisor waveletanalysisto threenonlinearbeam/acceleratorphysicsprob-
lemswhich canbecharacterizedby collective typebehaviour: someformsof Vlasov-Maxwell-Poisson
equations,RMS envelopedynamics,themodelof beam-beaminteractions.Suchapproachmaybeuse-
ful in all modelsin which it is possibleandreasonableto reduceall complicatedproblemsrelatedwith
statisticaldistributions to the problemsdescribedby systemsof nonlinearordinary/partialdifferential
equationswith or without some(functional)constraints.

Wavelet analysisis a relatively novel set of mathematicalmethods,which gives us the possibility to
work with well-localizedbasesin functionalspacesandgivesthemaximumsparseformsfor thegeneral
typeof operators(differential,integral, pseudodifferential) in suchbases.Our approachis basedon the
variational-wavelet approachfrom [1]-[3], which allows usto considerpolynomialandrationaltypeof
nonlinearities.

Thesolutionsarerepresentedvia themultiscale/multiresolution decompositionin nonlinearhigh-localized
eigenmodeswhich correspondto the full multiresolutionexpansionin all underlyingtime/spacescales
(in thegeneralizedspacecoordinatesor phasespacecoordinatesandtime coordinate).We constructex-
pansionsinto theslow partandfastoscillatingparts.So,we maymove from coarsescalesof resolution
to the £nestonefor obtainingmoredetailedinformationaboutour dynamicalprocess.The £rst terms
correspondon theglobal level of functionspacedecompositionto resolutionspaceandthesecondones
to detail space.In this way we give contribution to our full solution from eachscaleof resolutionor
eachtime/spacescaleor from eachnonlineareigenmode.The sameis correctfor the contribution to
power spectraldensity(energy spectrum):we cantake into accountcontributionsfrom eachlevel/scale
of resolution.

In contrastwith differentapproacheswe do not useperturbationtechniqueor linearizationprocedures
andrepresentdynamicsvia generalizednonlinearlocalizedeigenmodesexpansion.So,by usingwavelet
baseswith theirgood(phase)space/timelocalizationpropertieswecanconstructhigh-localizedcoherent
structuresin spatially-extendedstochasticsystemswith collective behaviour.

In all thesemodelsnumericalmodellingdemonstratestheappearenceof coherentstructuresandstable
patternformations.
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Numerousexperimentshave recently investigatedon ion-electronrecombinationin electroncoolers,
e.g. [1]. A commonfeatureis an enhancementof the recombinationratewith respectto the standard
theoryof recombination.Sofar thiseffect lacksasatisfactorytheoreticalexplanation.Recenttheoretical
studiesin the £eld concentrateon an examinationof the densityenhancementnearthe ion. This is a
stronglynonlinearprocess,suchthatthestandardDebyeshieldingis notapplicable.Varioussimulations
have beenperformedusingmoleculardynamics[2]. Dueto statisticalnoisethis facesseriousproblems
in predictingdensitiescloseto theion.

As underexperimentalconditionstheplasmaparameteris extremelysmall,collisionsbetweenelectron
areextremely rare.So the descriptionof the Vlasov Poissonequationsuitswell reality. However the
Vlasov Poissonproblemis formulatedin a six-dimensionalphasespace,and its vast volume inhibits
a numericalsolutionon a completephasespacegrid with an affordableamountof CPU power. But in
comparisonwith testparticlesmethods,e.g.particle-in-cell,a solutionon thegrid shows betterscaling
andlessnumericalnoisefor local observablessuchasthe density. Furtherthe noiseof particle-in-cell
simulationsintroducesarti£cialthermalization[3]. Thisproblemis alsocircumventedby usageof agrid
method.Henceour approachis to reducethecomplexity of theVlasov Poissonsystemby utilizing the
cylindrical symmetryof the problemwith respectto the directionof the magnetic£eld.This formally
introducescoordinatesingularitiesinto the Vlasov Poissonequation,which however canbe overcome
by a characteristicsmethod.

We have beenableto constructa stablenumericalmethodon thegrid, which is applicableto arbitrarily
largedisturbancesfrom equilibrium.Thealgorithmrelieson a secondordersplitting scheme[4] jointly
with third orderinterpolation.TheVlasov operatoris split in two partialpropagators.The£rstof which
alreadycontainsthesingleparticleorbitswith theionic andmagnetic£eld,andthesecondaddstheself
consistentelectric£eld obtainedby Gauß’s law. The methodcanbe massively parallelizedin angular
momentumsliceswith highef£ciency.

In a uniform electronplasmaour calculationinsertsanrestingion at time e�X�H . For large radii, where
thedensityenhancementis small,theresultsagreewith theDebyescreeningof lineartheory. Of primary
interestis the region closeto the ion, thereour £rst calculationsyield a stronglynonlineardensityen-
hancement.A largefractionof this densityenhancementstemsfrom boundelectrons,capturedat e-X}H .
Theseelectronsarenotaccountedfor in standardrecombinationtheory. Thismightprovide aqualitative
explanationfor theobservedrecombinationenhancements.A quantitativedescription,of course,requires
amorerealisticmodelingof theinitial conditionsdescribingthemerging of electronandion beams.
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We presenta novel lattice-gastypemodelwhich reproducesthesurfacereconstructionsandmany other
featuresof II-VI semiconductorsin anMBE environment.Wefocusespeciallyon(001)surfacesof CdTe
[1]. Undervacuumconditionsthesesurfacesarealwaysmetalterminated.At low temperatures,a Ü�c
YÄrlY6f
reconstructionwith coverages�íL6[6Y is observed, in which theCd atomsarrangein a checkerboardlike
con£guration.A reorderingoccursata temperatureof b}G6H6H6¹ , above whicha c
Y�rùL6f orderingin rows
dominateson a sublimatingsurface.Undera Te ¤ux, thesurfaceis Te-terminated.For small¤uxes,the
Tecoverageis b L andtheTeatomsdimerize.

Wemodelthesurfacein thermalequilibriumby atwo-dimensionalarrayof Cdsites³�� =dc ´ whichcanbe
eitheroccupied(� =dc XZL ) or empty(� =dc XíH ) [2]. Theenergy of thesurfaceis representedby effective
pairwiseinteractionsof atoms.Electroncountingrules forbid the simultaneousoccupationof nearest
neigbour(NN) sitesin the � L LÕH�¡ direction.Therearecouplingse = and e � betweenNN in � L6L6H�¡ direction
andnext nearestneighbours,respectively. Theseparametersarechosenin aggreementwith recentDFT
calculations[3], whichhaveshown thatthesurfaceenergy persiteof a ÜNc
YÏriY6f reconstrutionis �}H6ævH6G6ß�f
smallerthanthatof a c
Y r@L6f reconstruction.Investigationof this modelby meansof Monte-Carloand
TransferMatrix techniquesshows anorder-disorderphasetransition.At low temperature

Ú
, thesystem

is in a ÜNc
Y8r Y6f phasewith long rangeorder, while at high
Ú

, it is in a globally disorderedphase.
However, the local environmentof anatomis dominatedby the c
Y rRL6f rows.This is consistentwith the
experimentalobservationof “small domains”in the c
Y rtL6f reconstruction.Thismodelmaybeextended
to includeTedimerization,which leadsto amorecomplicatedphasediagram.

The planarlattice gascanbe extendedto a modelof a three-dimensionalcrystal [4]. Insidethe bulk,
thereis an isotropicattractionbetweenthe particlesandtheir NN. While thereis no differencein the
interactionsof Te atomsbetweenbulk andsuface,Cd atomson thesurfaceinteractvia theanisotropic
interactionse = , e � anda NN exclusionin � L L�H�¡ direction.A reasonablechoiceof parametersyieldsCd
terminatedsurfacesundervacuum.Monte Carlo simulationshows, that this modelqualitatively repro-
ducesmany of the characteristicfeaturesof CdTe(001)which have beenobserved during sublimation
andALE: (a) On a sublimatingsurfacethe reorderingof Cd atomson the surfaceis qualitatively pre-
served.Thenonequilibriumnatureof sublimationevenenhancesthedominanceof c
Y�ràL6f orderingin
thehigh temperatureregime.(b) Exposureto a ¤ux of pureCd leadsto a re-appearanceof the ÜNc
Y�r@Y6f
reconstructionat temeraturesabove thetransition.UnderasmallTe¤ux, theCdcoveragedecreasesand
theremainingCdatomspreferethe c
Y¢r)L6f orderingevenat low temperatures.(c) Ourmodelreproduces
theexperimentalobservationof ALE growth ata rateof b}H6ævç monolayerspercycle.An inclusionof Te
dimerizationin thismodelis currentlyunderdevelopement.
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Germaniumquantumdots(QDs)on Si(100)surfacesarenanostructuresof greatfundamentalandtech-
nologicalinterest.They arepromisingcandidatesfor opticallyactive deviceswith strongphotoemission
signal[1]. Althoughintensively studied,bothexperimentallyandtheoretically, severalissuesaboutthem
remainunclear. For example,thereis a signi£cantgapin our knowledgeaboutthe atomisticdescrip-
tion of thesenanostructures,especiallyregardingthestress£eldsandthechemicalcompositionpro£les
within theislands.Fromthepointof view of theory, this shows thedif£culty in simulationalapproaches
to equilibratecompositionallyinhomogeneousenvironmentsin semiconductors.

Wepresenthereadetailedtheoreticalatomisticdescriptionof GeQDsonSi(100).Weextract,for the£rst
time, thestress£eldsandthecompositionpro£leswithin theislandsandat theinterfacial regions.This
is madepossibleby implementingastate-of-the-artMonteCarlo(MC) algorithm[2, 3] in thesemigrand
canonicalensemble.ThisMC algorithmallows for completeequilibrationof thesystem,topologicaland
compositional,at typical growth temperatures( ó 800K). It is basedon Ising-typeidentity ¤ipsthatare
driven by theappropriatechemicalpotentialdifference.Thesuccessrateof theseswitchesis enhanced
by a ¤ip-relaxationtechnique[3]. The interatomicinteractionsaremodeledusingthe well established
empiricalpotentialsof Tersoff for multicomponentsystems[4]. We mapthestrain£eldsby calculating
theatomiclevel stresses[2], pertainedto local incompatibilitiesandrigidity. Compositionalequilibration
is achievedalsoatthelocallevel by calculatingtheaveragesiteoccupanciesoverthestatisticalensemble.

The local analysisof the stress£eld within the pure Ge islands,beforeany intermixing, shows that
sitesin the peripheryandasapproachingthe top of the dot areundertensilestress,while sitesin the
interior andasapproachingthewettinglayer(thebase)areundercompressive stress.Thewettinglayer
is undercompressive stress,while the Si substratelayersbelow the dot areundertensilestress.These
stressconditionsdrive interdiffusion(notethatdueto sizeGeatomspreferoccupying sitesundertension
andvice versafor Si). We £nd that Ge atomsenrichthe surfaceat the top andthe periphery, while Si
atomsintrudeinto the interior regionsandthewetting layer. Outdiffusing Ge atomsenrichthe areaof
thesubstratebelow thedot. We £nda limiting diffusiondepthin thesubstrateof 8-10monolayers.For
this limit, we estimateamaximumSi fractionin theQD of ó 50%.
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In epitaxialthin £lm or multilayergrowth oneis interestedin growing somematerialon a substrateof
a differentmaterialwith a sharpinterface.However, often the interfacesarenot assharpasonewants
themin ordertoextractandinvestigatethenew physicalphenomenaof heterostructureswhichmaybethe
basise.g.for futureelectronicdevices.Reasonsmaybetheroughnessof thesurface,whichbecomesthe
interfaceuponfurthergrowth,or interdiffusion.Numerousmicroscopicmechanismshavebeenproposed
and investigatedin this context, and in most of thesemodelsscalinglaws were found. Theseresults
provide insight,whichhelpsanalyzingandimproving thequalityof thin £lm andmultilayergrowth.

ThecomputationalmethodweusearekineticMonteCarlosimulations.For molecularbeamepitaxy, the
simulationparametersarethe ratesof thermallyactivatedatomicprocessesat thegrowing surfaceand
thedepositionrate.Recentlyanalternative growth technique,pulsedlaserdeposition,hasalsoattracted
much interest.In this casethe depositionrate is replacedby two parameters,the pulseintensityand
frequency.

Recentlywehave investigatedthreenew scalingphenomenain thiscontext:

– Verticalexchangeof adatomsandsubstrateatomsleadsto a concentrationpro£le,which decays
like a power law with exponent-2 into the growing £lm. This implies a diverging width of the
interdiffusion zone.For an exchangeratethat is not in£nitely fastcomparedto thehoppingrate
of adatoms,aswell asfor £nite systemsize,the power law is exponentiallycut off at a critical
thicknessof thegrowing £lm [1].

– In the widespreadcase,where layer-by-layer growth is spoiledby Ehrlich-Schwoebelbarriers
inhibiting interlayertransportof adatoms,strainedlayergrowth mayhelp.Thispredictionis based
on thenumericalresultsfor thepower law dependenceof thecritical £lm thicknesson thegrowth
parameters[2].

– We have shown that theislanddensityon surfacesgrowing by pulsedlaserdepositionexhibits an
unusualtypeof scalingasfunctionof pulseintensityanddepositiontime.A datacollapseis found
for the ratiosof the logarithmsof thesequantities,whereasconventionalscalingasobserved in
molecularbeamepitaxyinvolvesratiosof powers[3].
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Herewereportonthe£rstmoleculardynamicssimulationsof martensitictransformations-i.e.structural
transformationsfrom fcc to bcc-in sinteredFe-Ninano-particles.Theatomicinteractionsweredescribed
by anembedded-atommethod(EAM) potentialspeciallydesignedto modeltheFe-Ni system[1]. Sim-
ulationswerecarriedoutby applyingaconstantpressureandtemperatureensemble(NPT-ensemble)[2]
to 32 nano-particleseachcontainingapprox1000atoms.The nano-particlesinitially wereplacedwith
randomcrystallographicorientationonanfcc latticesuchthatthenano-particlesattracteachother. After
relaxationfor 150psatatemperatureof 800K andpressureof 0 GPathepressurewasincreasedin order
to consolidatethesample.Subsequentcoolingto lowesttemperaturesallow thestudyof thetemperature
inducedmartensitictransformationatpre-existing defects[3].

Fig. 1. Time evolution of thermalsinteringof Fegih Ni j1h nano-particlesafter54 ps(left) and90 ps(right). For
clari£cationonly a sliceof about0.5 nm of thesystemis shown, wherebyFe-andNi-atomsaremarkeddark
andbright, respectively.
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GaNis animportantmaterialof technologicalandfundamentalinterest.The£rststepto understandthe
growth mechanismof GaNthin £lmsis to studythestickingof gas-phaseGaandN atomson theGaN
surfaces.We employ the £rst-principlesmolecular-dynamics(MD) simulationmethodto simulatethe
approach,migrationandsettlementof gas-phaseGa andN atomson the GaN surfaces.The trajecto-
ries of the incomingGa andN atomswill show how they move andwherethey settleon the surface.
Their velocitiesasa functionof time will provide informationaboutenergy transferandkinetic energy
evolution. The £rst-principlesMD methodusedin this studyoriginatesfrom Sankey andNiklewski’s
multicenterMD method[1]. Thecurrentversioncalculateschargedensitiesandcorrespondingpotentials
self-consistently[2]. Sincethechemisorptionenergy hasanorderof 1eV, theincomingatomhasa very
high temperaturewhenit reachesthesurface.Withoutheatdissipation,thesurfacewill beunrealistically
heatedup.To simulateheatdissipationwithin therepeatedslabsurfacemodel,we take away partof the
kinetic energiesof substrateatomstransferredfrom the incomingatomaccordingto the experimental
thermalconductivity. We have consideredtwo systems.The£rstsystemhasGagas-phaseatomsanda
N-terminatedW�Ø��8c
H6H6H$v L�f surface.ThesecondsystemhasN gas-phaseatomsanda monolayerGaad-
layercoveredN-terminatedW�Ø���c
H6H6H$v L�f surface.For the£rstsystem,we£ndthatwhentheGagas-phase
atomimpingestheN-terminatedW�Ø���c
H6H6H$v L�f surfacefrom above theatopsite,it recoilsbackinto vac-
uum,despitethelargeGa/Nmassratio.Thispropertyre¤ectsthattheN surfaceatomis stronglybonded
[3]. WhentheincomingGaatomimpingesfrom above thebridgesite,it movestowardsandsettlesat theä J site.Whenit impingesfrom above the ä J site,it movesdown andsettlesat the ä J site.Thebridge-
and ä J -siteresultssuggestthatthe ä J site is thechemisorptionsitefor a low coverageGaadlayer. For
thesecondsystem,the incomingN atomrecoilsbackinto thevacuum,whenit approachesthesurface
from above theatopsite.Whenit impingesthesurfacefrom above thebridgesiteof two Gaadatoms,
it migrateson thesurfaceinitially. Whenit arrivesat a positionabove a surfaceN atom,it dropsdown
throughtheGaadlayerandcombineswith thatN surfaceatomanda nearbyGaadatom.This property
re¤ectsa strongerN-N bondthantheN-Gabondandthemultiple bondingnatureof theN atom.This
studyis a £rstattemptto use£rst-principlesMD simulationsto understandthestickingof gas-phaseGa
andN atomson theGaNsurfaces.Weareableto elucidatesomeinterestingpropertiesof themovement
incomingof GaandN atomsasthey approachandsettleon thesurface.
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We will presenta detailedMD simulationstudyof polyelectrolytesin poor solvent wherewe take ex-
plicitly careof thecounterions[1]. All chargesinteractvia thefull Coulombinteraction,andwe employ
a FFT acceleratedversionof theEwald sum(P3M) for calculationof theelectrostatics[2]. Thenumber
of chainsvariesbetween5 and15, with chainlengthsbetween100and400monomers.For the longer
chainswe canobserve up to £ve pearls.For our stronglychargedpolyelectrolyteswe £nda signi£cant
portionof counterionscloseto thechains,alreadyevenbelow theManningthreshold,andmuchstronger
thanfor thecaseof polyelectrolytesin goodsolvent.AroundtheManningthresholdwe observe pearl-
necklacestructures[3], which have not a well de£nedpearlnumber. We £ndthat these¤uctuationsare
stronglycoupledto the distribution of the counterions.Thesestructuresare,however, still stableeven
whencondensedcounterionsarepresent.Upon increasingtheelectrostaticinteractionsfurther, we can
reachthe transitionpoint, wherethesesnecklacesbecomeunstableandcollapseinto a singleglobule.
Measurementsof theosmoticcoef£cientandof thestructurefactorsareprovided.Thecalculatedform
factorsof thesinglechainsshow structuralfeatureshinting towardsthenecklacestructure,which could
beobservablein experiments.

In a secondstageof our investigationswe start to apply an external force to a single chain.This in
principlewill leadto anunwindingof thepearlstructures.However, we observe that thepearlnumber
will £rst increase[4]. It is only at a laterstage,thatthey startto unwind.Thisbehavior is consistentwith
thediscussionin thepaperof TamashiroandSchiessel(Macromolecules33, 5263,(2000)).We provide
force-extensioncurvesfor severalsimulatedsystems,anddiscussthestrongin¤uenceof thecounterions
on thesharpnessof theunwindingtransition.We alsocommentunderwhich circumstancestherecently
predictedzick-zackcurvesof TamashiroandSchiesselandVilgis et. al ( Eur. Phys.J E 2, 289,2000)
shouldbeobservable.

In additionwe will presentsomesimulationalvideosequencesto visually supportourarguments.
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Wepresentourmostrecentresultsontheso-calledconformation-dependent sequencedesignschemefor
AB-copolymersproposedfor a£rsttime in [1]. Theoriginal ideawasto preparetheprimarystructureof
syntheticAB-copolymerchain(i.e. thesequenceof monomerunitsof A- andB-typesalongthechain)
usingsomeparticularspatialconformationof ahomopolymerchain.It wasmostnaturalto takeaglobular
conformationassuch”parent” conformationandusethecriteriaof beinginsidethedensecoreor at the
globular surfaceto divide monomerunits in two types.However, otherdividing criteria [2] andother
”parent” conformation(i.e. a chainadsorbedon a planesurface[3]) werealsoconsidered.It wasshown
in [1, 2, 3] that suchsequencedesignschemeleadsto the effect of ”memorizing” of someimportant
featuresof the”parent” conformation.

Herewewill presentour recent£ndingson thestatisticsof sequencesobtainedby meansof suchdesign
scheme.Wehave shown, bothby exactanalyticalcalculationsandby computersimulation,thatprotein-
like AB-copolymersobey theLevy-¤ightstatistics[4].

Wehave performedthedetailedstudyof stabilityagainstaggregationfor AB-copolymerswith designed
”protein-like” primary sequences.First, we report the computersimulationresultsfor two copolymer
chainsbroughtin closecontactwith eachother, anddiscusstheconditionsatwhichthey donotaggregate.
Second,weconsiderablock-copolymerchaincomposedof two differentAB-copolymerswith designed
sequences.Computersimulationwasperformedat suchvaluesof parameterswhenit is mostfavorable
for both sequencesto form a densecorecoveredby a looseshell.We discussthe conditionsat which
the globular conformationof block-copolymerchainwill consistof only onecommoncoreor of two
separatecores.

We report also our new resultson computersimulationof several importantmodi£cationsof origi-
nally proposedscheme,namely, we have introducedstrongly associatingmonomerunits (C-units) in
theprimaryAB-sequenceandstudiedtheir effect on conformationalpropertiesof copolymerglobules.
Anothermodi£cationis the ”double selection”schemewhenwe selectonly thosesequencesfrom all
designed”protein-like” onesthathave themostfastcollapsekinetics.

Weacknowledgethe£nancialsupportfrom INTAS, NATO andRussianFoundationfor BasicResearch.
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Conjugatedpolymersareattractinga fastgrowing attentionbecauseof their fascinatingopto-electronic
behaviour. Despiteintenseresearch,many fundamentalissuesarenot yet resolved, amongwhich the
magnitudeof theexciton bindingenergy, very importantfor applications.Contradictorystudiessupport
a large( ó 1 eV or larger),medium( ó 0.5eV), andsmall ( ó 0.1eV or smaller)bindingenergy. In this
work weinvestigatetheopto-electronicpropertiesof thesematerialsusingthreecomplementaryab-initio
techniques:(a)density-functionaltheoryto calculategroundstateproperties,(b) Wxw theoryto calculate
one-particleexcitations,and(c) an ab-initio solutionof the Bethe-Salpeterequationto calculatetwo-
particleoptical excitations,excitons.We considerthreesituations:(I) an isolatedpolymerchain,(II) a
chainembeddedin adielectricmedium,and(III) apolymercrystal.

SituationI leadsto anopticalgapin goodagreementwith experimentfor thepolymerspoly-phenylene-
vinylene(PPV)[1] andpolythiophene(PT)[2], with ratherlargevaluesfor theexciton bindingenergies
(0.9 eV and1.85 eV, respectively). However, calculationsfor PT in situationII show that the optical
gapof a polymerchainembeddedin a dielectricmedium,with dielectricpropertiesderivedfrom those
of a singlechain,is virtually thesameasthatof an isolatedchain,whereastheexciton bindingenergy
(0.76 eV for PT) is much reduced[2]. Bulk screeningeffects reduceboth the quasiparticlebandgap
andthe exciton binding energy, leaving the optical gapunchanged.The excitonic properties(spectra,
radiative lifetimes,polarizabilities)obtainedfor situationII agreevery well with experiment,eitherfor
bulk polymers[3], or dissolvedpolymers[4].

SituationIII leadsto small binding energies ó 0.1 eV, andto resultsthat disagreewith several exper-
iments.The reductionof the binding energy comparedto situationII is mainly causedby hybridiza-
tion effectsamongthe chains.We attribute the disagreementto the fact that in real samplespolymer
chainsaremoreor lessrandomlypacked,suppressinghybridization.Therefore,in mostcasessituation
II describesreality betterthansituationIII. An interestingexceptionoccursin ladder-type poly-para-
phenylene(LPPP),whichhasverystiff chainsandis expectedto bemoreproneto crystalformationthan
otherpolymers.RecentSTM experiments,in which thelocal quasiparticlebandgapis measured,reveal
regionswith a relatively low ( ó 0.1 eV) exciton binding energy andregionswhereit is muchhigher.
Oneinterpretationis that the former regionsconsistof crystallineaggregates,whereasin the latter re-
gionsrandompackingoccurs.This shedsinterestinglight on thedebateaboutthemagnitudeof exciton
bindingenergiesin conjugatedpolymers:thisquantitymaycritically dependonsamplepreparation,and
differentbindingenergiesmayevencoexist in onesample.
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Simulatingrealmaterialshasbecomeincreasinglymoreimportantin understandingavarietyof modern
topicsin solid stateandsurfacephysicsaswell asquantumchemistry. The increasingnumberof new
experimentaltechniques,many of which cannow probethe electronicstructure,coupledwith the de-
velopmentof anincreasingvarietyof new materialswith new propertieshasdriventheneedfor a more
accuratetheoreticalunderstandingat the atomicscale.This hasled to the increaseduseof £rst princi-
plesmethodswherethequantummechanicalbehavior of theelectronsis explicitly treated.In materials
science,densityfunctional theoryprovides the moderntheoreticalframework for a tractablequantum
mechanicaltreatmentof theelectronsandhenceof thosepropertieswhichallow theaccuratesimulation
of new materialsandtheir behavior, on thecomputer. Many of thesetechnologicallyimportantnew ma-
terials,suchasnanostructures,andtheir associatedpropertiesrequirethestudyof systemsof theorder
of hundredsof atomsor more,that is beyond the reachof £rst principlescodeson a serialcomputer.
TheFLAPW methodis widely acceptedasoneof themostaccurate£rstprincipleselectronicstructure
methodsavailabletoday. With anincreasinginterestin morecomplex structureshowever, thelargecom-
putationaldemandsrequiredby this highly precisemethodhave limited its usage.Our newly developed
massiveparallelFLAPW code(P-FLAPW)[1] for £lm andbulk geometryallows to overcometheselim-
itations.Complex surfacestructures,involving catalysisandgrowth processesanddilute impuritiesin
semiconductors,to nameafew, cannow betreatedat thehighestlevel of accuracy usingseveralhundred
atomsin theunit cell. With this new methodologynanoscalephysicsis accessiblefrom £rstprinciples
treatingall electronswith no shapeapproximationfor thepotentialandcharge density. We discussthe
physicsof dilute impuritiesin semiconductorssuchasEr dopedSi with up to 256 atoms,todate.The
locationof theimpurity statesaswell astherelaxationaroundtheimpurity is discussedasa functionof
thedopingconcentration.Furthermorewepresentrecentresultsof hydrogendefectsonhydrogentermi-
natedSi surfacesandtheir in¤uenceon theelectronicpropertiesof thesurface.In particularwe discuss
thelocalelectronicdensityof states(LDOS) relevantfor NMR studieson suchsurfaces.
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In thelasttenyearselectronicstructurecalculationsbasedon£rst-principlesmethodsthattreattheelec-
tronsquantummechanicallywith no freeparameters,have becomean integral part of materialscience
research.In themajority of computercentersaroundtheworld, £rst-principlescodeshave becomethe
largestconsumerof computercycles.These£rst-principlesmethodsareaccurateenoughto give good
predictionsfor the propertiesof new materialswhile still beingable to treat large enoughsystemsto
be of technologicalimportance.This major advancein computationalmaterialssciencehasbeendue
to both thedevelopmentof new computationallyef£cientmethodsaswell asmoreandmorepowerful
computers.The FLAPW (full-potential linearized-augmentedplane-wave) method[1, 2] is oneof the
mostaccurateandheavily useddensityfunctionaltheorybased£rst-principlesmethodsfor determining
electronicandmagneticpropertiesof crystalsandsurfaces.In thepasttheFLAPW methodhasbeenlim-
ited to systemsizesbelow abouta hundredatomsdueto thelack of anef£cientparallelimplementation
to exploit thepowerandmemoryof parallelcomputers.Thishasgreatlylimited thematerials/properties
thatcanbestudiedwith this methodasmany new materialssuchasnanostructuresrequirethestudyof
systemsonlargerlengthscalesthanis possiblewith serialcodes.In thiswork wepresentanovel ef£cient
parallelizationof theFLAPW methodbasedon division amongtheprocessorsof theplane-wave com-
ponentsfor eachstate.With our parallelcodeP-FLAPW, we canstudysystemsanorderof magnitude
largerthanwaspreviously possibleusingparallelsupercomputerssuchastheCrayT3EandIBM SP. To
testtheperformanceof thecodewe randifferentsizedsystemsof bulk silicon, with andwithout inver-
sionsymmetryandbulk palladium,with inversionsymmetry. TheFLAPW methodis particularlywell
suitedto studyingtransitionmetals.Wehave runbulk siliconsystemson aCrayT3EandIBM SPonup
to 512processorsfor systemsof 125to 686silicon atomsandbulk palladiumof 128to 343atoms.The
performanceis extremelygoodwith closeto linear speed-upcurveswith increasingprocessorcounts
providing we do not try andrunasmallsystemon a largenumberof processors.

In conclusionwith our new ef£cientparallelimplementationof theFLAPW method,we cannow study
new materialsandphenomenathat werepreviously not accessible.Complicatedsurfacestructures,re-
latedto catalysisandgrowth processesaswell asimpuritiesin semiconductors,cannow beaccurately
treatedwith large unit cells. This researchusedresourcesof the NationalEnergy ResearchScienti£c
ComputingCenter, which is supportedby the DOE Of£ceof Energy Research.Work at Northwestern
supportedby theNSFthroughits materialsresearchcenter. Wewouldlike to thanktheJohnvonNeuman
Institutefür Computingat theForschungszentrum,Jülich for giving usaccessto run on 512processors.
Someresultspresentin thispaperwerepreviously publishedin [3]
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PathintegralMonteCarlo(PIMC) techniquesareamongstthemostpowerful computationalmethodsfor
exactnumericalcalculationsof macroscopicandmicroscopicstatisticalpropertiesat£nitetemperatures
of a largevarietyof condensedmattersystemsof currenttheoreticalandexperimentalinterest.Thesein-
cludetheliquid andsolidphasesof raregaselements,adsorbed£lms,super¤uidhelium,or polyethylene,
to namejust a few examples.Physicalquantitiesthatmaybecomputedexactly by meansof thePIMC
approachandcompareddirectly to experimentalresults,whereavailable,includethekinetic, potential,
andtotalenergy, the(angle-averaged)radialdistribution function,or neutronscatteringcrosssections.

In particular, inert gassolidsandliquids have beenandarebeingextensively investigatedwith Monte
Carlomethods[1–3] andmany of their propertieshave beenresearchedalsoexperimentally[2] andare
well documented.However, in theseMonteCarlostudieshardlyany attentionhasever beenpaiduntil
recentlyto themany fascinatingandperplexing detailsof point andspacegroupsymmetriesin crystals
andto breakingof thesesymmetriesin theliquid-solidphasetransition.Herewe focuson exactFourier
pathintegral MonteCarlo(FPIMC) calculationsof the local one-bodydensityandof the full two-body
densityof noblegascrystals[3] andon symmetry-breakingin thesemicroscopicquantitiesin FPIMC
simulationsof spontaneouscrystallization.

The numericalFPIMC calculations[3] arecarriedout by employing the formal resultsof a thorough
mathematicalanalysisof point and spacegroupsymmetriesin the one- and two-body densities.The
quantitiesthatarecomputedby meansof theexactgroup-theoreticalFPIMC method[3] arerelatedto
thescatteringcrosssectionsthatcanbemeasuredin neutronscatteringandX-ray diffractionexperiments.
Numericalresultsarepresentedfor solid naturalargon in thehexagonalclose-packed (hcp)structureat
theexperimentaltriple point temperatureof argon.Theexperimentalsigni£canceof this particularsys-
temis pointedout.Theexactgroup-theoreticalFPIMC approachis furtheremployedin studiesof point
andspacegroupsymmetry-breakingin theliquid-solidphasetransition.Numericalresultsonsymmetry-
breakingin theone-bodydensityandin the full two-bodydensityobtainedin anFPIMC simulationof
solidi£cationof liquid naturalargonarepresented.

Thegroup-theoreticalFPIMCmethodhasthepotentialof openingnovel avenuesof analyzingthestruc-
ture of materialsandof castinga new light on symmetry-breakingin phasetransitions.The computa-
tional andformal techniquesof thegroup-theoreticalFPIMC approachpresentedheremight turn out to
becomevaluablealsofor othertheoriesandcomputationalmethods,suchas,for example,thetheoretical
treatmentof phasetransitionsin liquid crystals,electronicstructurecalculations,moleculardynamics
computations[4] of thespatialmicrostructureof crystals,or computersimulationsof adsorbedsolidand
liquid £lmsandof theirphasetransitions.
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Computer-aidedsimulationof semiconductordevice andphysicsprovidesthecapabilityfor a software-
driven approachto explorenew physicsanddevices.In recentyears,a novel device structuresocalled
dynamicthresholdvoltageMOSFET(DTMOS) hasbeenstudiedfor analternative way to improve the
conventionalsubmicronMOSFETsI-V characteristicsat ultra low supplyvoltageapplications[1]. Ex-
perimentalfabricationandmeasurementhasillustratedprimarily thattheDTMOSschemeappearsto be
very promisingfor future low-power andhigh-speedcircuit applications[1]. Sometheoreticalstudies
for this new device have beenof greatinterests[2] with simpli£edcompactor conventionalMOSFET
numericalmodelingapproaches.

In thispaper, anew paralleladaptive semiconductordevicesimulationusingthedynamicloadbalancing
approachis presentedandsuccessfullyappliedto fastsimulateandstudythephysicalcharacteristicsof
DTMOS. Thedevelopedsimulatorbasedon adaptive £nitevolume(FV), dynamicdomaindecomposi-
tion, posteriorierror estimation,andmonotoneiterative (MI) methodshasbeendevelopedandimple-
mentedon a 16-processorsLinux-clusterwith messagepassinginterface(MPI) library. Hydrodynamic
DTMOSpartialdifferentialequationsarediscretized£rstlywith FV methodandhencealarge-scalesys-
temof nonlinearalgebraicequationsis obtained.Thenonlinearalgebraicsystemis thensolvedwith the
MI method[3, 4]. A physicalbasedunstructuredmeshre£nementrule with posteriorierrorestimation
hasalsobeendevelopedfor the quality control of computedresults.Due to the robust featuresof the
method,suchasglobalconvergenceandparallelalgorithm,theproposedparalleldomaindecomposition
algorithmreducessigni£cantlytheexecutiontimeup to anorderof magnitude.

Theright two Figs.show anadaptivere£nementmeshandcomputedelectrostaticpotentialfor aDTMOS
at fy�XÂL6ævç$f and fz.X}L$f . Furthermore,theleft Fig.demonstratestheparallelspeedupandloandbal-
ancingona16-processorsLinux-clusterwith MPI. In ashortconclusion,adomainpartitionapproachto
paralleladaptive simulationof DTMOSdevicehasbeenpresented.Achievedadaptive re£nement,paral-
lel performanceandcomparisonwith themeasureddataaretestedto show thecomputationalef£ciency
andaccuracy of themethod.
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The advanceof high technologiesinvolvescreationof materialsanddeviceswith new properties.The
effective methodfor this creationis radiationof matterby particles.As known, the mosteffect of the
particlebeamtechnologyhasbeenachieved in themicroelectronics.Now this technologyis intensively
investigatedwith thepurposeof creatingandmodi£cationthedifferentnanostuctures[1].

Single-walled carbonnanotubes(SWCNT) demonstrateuniquephysicalproperties[2]: a diameter-de-
pendentcharacterof conductivity (semiconductingor metallic);a high mechanicalstrength;anultimate
¤exibility; auniquecapacityfor hydrogenstorage;ahighef£ciency of alow-£eldelectronemission.Due
to thesepropertiestheSWCNTarevery promisingfor applicationsin nanoelectronics,nanomechanics
andin vacuumelectronics(asa cathodematerialfor ¤atpaneldisplays).At presenttime, in the litera-
ture the in¤uenceof theparticleradiationon thestructureandelectronicpropertiesof SWCNTarenot
currentlyknown, andthisproblemis very importantfor nanotechnology.

In presentwork wehavecarriedout thefollowing researchesusingthemoleculardynamicsandquantum
chemistrytight-bindingandsemi-empiricalPM3methods[3]:
1. Theoreticalmodellingof structureof SWCNTunderradiation(electron,heavy-ionsand¼ -beams).
2. Theoreticalandcomputermodellingof spatialdistributions of: a) projectilesandenergy losses;b)
electronicexcitationsandionizationof carbonatoms;c) radiationdefectsandkind of theirs.
3. Theoreticalstudyof theelectronicspectraandthedensityof statescalculationsfor theSWCNTunder
radiation.

As a resultthe thresholdenergy for knock-ondamageto theSWCNThasbeenestimated.It wasfound
that thepresenceof pentagon-heptagonpairsasthe local radiationdefectsin thegeometricalstructure
of SWCNTleadsto theformationof theheterojunction.Thepossiblemechanismsof interactionof low-
andhigh-energy particlebeamswith SWCNTwereanalyzedin detail.
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Nuclearmagneticresonance(NMR) properties,in particularNMR chemicalshifts,canprovideimportant
insightinto thephysicsandchemistryof microscopicsystems.Coordinationnumbers,bondingdistances
andotherstructuralinformationcanbeextractedfrom measuredresonancelinesandattributedto indi-
vidual atoms.Due to this ability, NMR spectroscopy hasbecomeoneof themostwidespreadanalysis
toolsin structuralchemistry.

Many empiricalrulesexist to relatechemicalshifts to conformationalproperties,but they areunableto
take into accountany but thesimplestquantumeffectsinvolved in theproblem.Sinceseveraldecades,
many methodsfor computingNMR lines have beendevelopedin quantumchemistry, but they areall
restrictedto isolatedsystemsin thegasphase.A £rstgeneralizationto extendedsystemshasbeende-
velopedonly a few yearsagoby F. Mauri et.al. [1]. They showedthatnuclearmagneticresonancelines
canalsobe calculatedunderperiodicboundaryconditions.However, the approachis computationally
relatively expensive andinvolvesthenumericalevaluationof adifferentiation.

In this paper, analternative approach[2] is presentedwhich avoidssomeof thedrawbacksof theMauri
method.Thenew approachis computationallymoreef£cient,in particularfor largedisorderedsystems.
Theformalismis basedon Kohn-Shamdensity-functionaltheory[3] andexploits theexponentiallyde-
cayingnatureof localizedWannierorbitals.It is implementedin a plane-wave pseudopotentialscheme
andcanbeappliedto crystallineandamorphousinsulatorsunderperiodicboundaryconditions,aswell
asto isolatedmolecules.

The performanceof the new methodis demonstratedon a seriesof testsystems,aswell asby several
applicationson largerorganicsystems,suchaspolymers.In combinationwith Car-Parrinellomolecular
dynamics[4], it allowsanef£cientsamplingof thephasespaceof complex systemsat£nitetemperature.
Thisstatisticalaverageiscrucialfor arealisticcalculationof theNMR spectrumassoonastheconsidered
systemevolvesdynamically.

Theresultsarein goodagreementwith experimentandwith calculationsthatuseothertheoreticalmeth-
ods.
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Codessimulatinglarge particlesystemspresenta high degreeof spatialdatalocality anda signi£cant
amountof independentcomputations.However, currentparallelizationstrategiesarebasedon manual
restructuringof sequentialprogramsandthe introductionof communicationsspeci£cfor the problem
structure[1]. Othersolutionsresideon thedesignof librariesintendedfor solvingdatadistribution and
communicationin theparallelizationof short-rangemoleculardynamics(MD) codes,althoughthey are
mostly orientedto the designof new code[2]. In this paperwe proposea new methodologywhich
reducesmanualintervention in the parallelizationof existing short-rangeMD sequentialcodes.Our
methodextendstheprogramminglanguageto allow programmersto expressthedataparallelismof the
problem,sothatthecompileris in chargeof coderestructuringandinsertionof communicationsupport.
Wealsoprovide anef£cientdesignof theruntimesupportfor parallelization.

Short-rangeMD codesusuallyapplyoptimizationslike thelink-cell andtheneighborlists (Verlet lists)
methodsto reducecomputationalcost.Thesemethodsincreasethealgorithmiccomplexity of the pro-
gram(indirectionarraysupdatedperiodically),dif£cultinggreatlyits parallelization.Coderestructuring
usuallyrequiresfull rewriting of the programasthosecomputationalstructures(link-cell, Verlet lists)
do not allow cleanpartitioning in well-de£nedcomputationaldomains.However, this fact contradicts
thehigh spatiallocality that theproblemexhibits. An automaticalternative to coderestructuringis the
inspector-executorapproach,but with a high penaltyin theanalysistime andin thesizeof thecontrol
datastructures[3].

Ourapproachtakesadvantageof theknowledgeabouttheproblemnatureto minimizetheparallelization
costsbut with minimal changesto theoriginal sequentialprogram[4]. First,problemdatais distributed
acrossprocessorsusingavalue-basedirregulardecomposition.Eachprocessoranalyzeslocally assigned
dataanda communicationscheduleis generated.This scheduleonly containsthatdatawhich is likely
to be usedin the neighboringdomains.As eachprocessoris able to generateits schedulebasedonly
on local data,only a one-way communicationstageis required(minimizing synchronizationbetween
processors).The distribution of computationsinvolvesreplicationof a small percentageof operations,
avoiding asubsequentcommunicationstageto propagateresultsto otherprocessors.

As aresultof ourresearch,wehavedesignedaruntimesupportwith optimalmethodsto helpin theparal-
lelizationof MD sequentialcodes.Wehave alsoproposedextensionsto HPFto expressdataparallelism
in MD applications,aswell ascompilationtechniquesto automaticallygenerateef£cientparallelcode.
Finally, we have appliedour semi-automaticmethodto real MD applications(basedon the Lennard-
Jonespotential)obtainingsimilarperformancethanusingmanualrestructuring.

We concludethat it is possibleto guidethecompilerto parallelizecomplex scienti£capplications(MD
simulations),with aperformancesimilar to thebestmanuallyparallelizedcodes.
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Calculationof the free energy in computersimulationsis generallya substantiallymoredif£cult com-
putationalproblemthancalculationof structuralproperties.On the otherhand,knowledgeof the free
energy andrelatedthermodynamicalpropertiesis extremelyimportantfor understandingof many pro-
cessesandphenomenain physics,chemistryandbiology. Almost tenyearsagotheauthorsof this report
suggestedanapproachcalledtheexpandedensembleMC method[1] which soonhasprovento bevery
ef£cientandprecisein computingfreeenergies.In this reportwe shall review thebasisof themethod,
its mostimportantapplicationsandfacilities.Weshalltry alsoto tracetherelationshipof thismethodto
relevantapproachesdevelopedby othersimulationgroups.

Thepartitionfunctionof theexpandedensembleis composedasasumof partitionfunctionsof canonical
ensembleswith anadditional(expansion)parameter. Thisparametercanbeeithertemperatureor volume
or adegreeof insertionof anew molecule,or any otherparameterof theHamiltonian.TheMonteCarlo
simulationschemein the expandedensembleconsistsof two kinds of steps– usualparticleshifts and
changesof the expansionparameter. The distribution over the expansionparameterprovides us free
energy differencesbetweenthesubsystems.In orderto make this distribution ascloseto homogeneous
aspossibleadditional(balancing)factorsaredeterminedin acertainpreliminaryprocedure.Themethod
canbeeasilygeneralizedfor thecaseof constant-pressure(NPT)ensemblefor calculationsof theGibbs
freeenergy. It hasbeenalsoimplementedwithin themoleculardynamicssimulations.

Theexpandedensemblemethodhasbeenappliedfor calculationof freeenergiesin a modelelectrolyte
system,asystemof Lennard-Jonesparticles,water, ionic solutionswith explicit watermolecules.During
lastyearsseveralapplicationsto computesolvationfreeenergiesof relatively largeorganicmoleculesin
waterhave beenreported.Also, themethodhasbeenappliedto computationsof chemicalpotentialin
modelpolymersystems.

Besidesthe free energy computation,the expandedensemblemethodturnedout to be a very ef£cient
wayto treatthe’multiple minima’, or ’metastablestates’problem.In thisconnection,attemptsto usethe
expandedensemblemethodin ’protein folding’ problemhave beenmade.

Themethodis promisingin treatmentof systemsathighdensity, low temperature,with roughmultimin-
ima potentiallandscape,in presenceof complicatedmolecularcomponents.
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Generally, £re- andexplosionprotectionis an importantsafetyissuein mostof the engineeringareas.
For instance,thepredictionof hydrogenexplosionloadsin safetyenclosuresundersevereaccidentcon-
ditions is relevant for nuclearreactorcontainmentsandhydrogendemonstrationplantswith fuel cells
or hydrogendriven vehicles.Contextually, specialveri£cationtestsof reactive £eld codesandvalida-
tion testsof calculationshave beenperformedfor speci£creacting¤ows in complex geometries.The
turbulentcombustionmodesconsideredarerelatedto de¤agration,transition(DDT), anddetonationin
explosivehydrogen-airmixtures.Hereby, experimentalandnumericalresultswerecomparedonintegral-
andlaboratoryscales,obtainingahigh temporalandspatialresolutionof complex ¤owsin thenumerical
simulations.Therefore,a modern£eld codecluster(MFCC) wasestablishedwith new versionsof the
reactive Navier-Stokes/Euler¤ow solver codes:AIXCO, CFX, COM for fast¤ames(de¤agrations)and
DET, IFSAS,SHOCKIN for rapid¤ames(detonations),includingvector- andparallelprocessingcapa-
bilities. For benchmarkcalculations,mostof thesecodeshave beenportedsuccessfullyto the hetero-
geneousCRAY-J90/T90/T3Esupercomputercomplex at FZ-Jülich, runningin thesequential,moderate
parallelor massively parallelmodewith promisingperformancesandgoodspeedupfactors[1].

As a result,thereductionof thecomputingtime perallocatedprocessorallows appropriatemeshre£ne-
mentwith unstructuredor adaptive grids androbust algebraicmulti-grid solvers togetherwith higher
order turbulence-andcombustion modelsof multi-¤uidsand multi-reactions.Consequently, we have
providedRANS/VLES/LES/DNS¤ow solveralgorithmsin combinationwith the¤ameletconcept(FC),
theeddydissipationmodel(EDM) or probabilitydensityfunctions(PDF).In thescopeof joint research
projectactivities fundedby HGF-BonnandEC-Brussels,massively parallelprocessing(MPP)software
systems(e.g.AIXCO andCFX-5)havebeendevelopedontheCRAY-T3Ewith maximumnumberof 512
processornodes(600MHz) for high-performancesupercomputing(HPSC),basedon domaindecompo-
sition with messagepassingtools, usingMPI andPVM or HPF routines.Hence,we usemulti-block
un/structuredpre-processing(PATRAN/BUILD) aswell asonlinepost-processing(AVS/FIELDVIEW)
with meta-supercomputingclustersfor hugecomputerresources,solvingtheinput/outputbottleneckof
large computingdomainswithin practicablecomputingtimes.In summary, the appliedcomputational
¤uiddynamics(ACFD)with supercomputingmakesit possibleto explorethescienti£c/technicalaspects
of £re-andexplosionprotectionin moredetailfor realisticsafetyenclosuresof nuclearandconventional
energy systems,especiallyfor thehydrogensafetybehaviour.
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The clari£cationof the modelsfor bubbly liquids remainsoneof the elusive goalsof mechanicshet-
erogeneousmedia.Consistentexperimentalveri£cationof theoreticalmodelshasnotbeenforthcoming,
owing, on the onehand,to the mathematicaldif£cultiesof dealingwith highly nonlinearequationsof
bubbly ¤ow, posingchallengesto thenumericalalgorithms,and,on theotherhand,experimentsarealso
dif£cult to perform.In this connectiona new approachhasbeenput forward,called”a nonlinearwave
dynamicalmodel for liquid containinggasbubbles,” andnew accuratenumericaltechniquehasbeen
developedto retrieve themain real featuresof the two-phase¤ow from direct numericalmodeling[1].
The large variety of existing modelswhich might be relevant to bubbly ¤ows naturallyraisestheneed
for somecriterion to distinguishthemostadequateamongthem.We demonstratethat, in contrastwith
whatwaspreviously believed, thesewell-known modelsarenot in Lagrangianframe.At closerlook at
thesemodelsrevealsthatthey aretheparticularcaseof ourmodel.
Two mainequationsin thecomputerprogramarethegeneralizedLighthill inhomogeneouswave equa-
tion andcompletebubbledynamicsequation.Basedon thenumericaltechnique,that is a combination
of a £nite differencemethodfor the PDE and a fourth-orderRunge-Kutta schemefor the high non-
linear ODE, variousnumericalexperimentshave beencarriedout. We discover a fundamentallynew
kind of solitarywave called”an oscillatorysoliton” andasymmetrypulsebodytransforminginto a train
of spatialsolitary waves.The natureof solitary wave oscillations,solitary wave with oscillatorystruc-
ture,solitary-wave tail, positive wavepacket,andotherwavedynamicalphenomenain bubbly liquid are
clari£ed.This modelhasbeensuccessfullyappliedto describepressuretransientsin a tubeconveying
two-phase¤ows.Werevealnovel oscillatorywater-hammerwith £nestructure,theeffectof closingtime
for water-hammer, radiationof high-harmonicprecursor, andothereffectsfor the£rsttime.
Thereis very reasonto expectthattheoscillatorysolitonfoundherewill alsooccurin two andthreedi-
mensions.Similar theoscillatorysolitonsareto beexpectedin generalfor otherphysicalandmechanical
problems.Theproposedmodelis easilyamenableto parallelprogramming.

Theoscillatorysoliton(left) andsubharmonicgeneration at thesolitary-wavetail (right).
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Direct numericalsimulation(DNS) of turbulence,a simulationwithout any modelsof motionswith
scalesbelow grid size,providesusapowerful tool to studytheturbulence.It cancomputeany quantities
withoutdeformationof the£eldandprovidesusalot of imageof the£eld,from whichwecanunderstand
how theturbulent£eldbehaves.However, rangeof scalesresolvedin DNSof theturbulent¤ow hasbeen
limited, andtheReynoldsnumberof theturbulencehasnotbeenlargeenoughto studytheinertial range
wheretheuniversalstatisticallaws for theturbulenceis expected.

We have performeda seriesof DNS of steadyhomogeneousturbulencesof threedimensionalincom-
pressible¤uidwith very high resolutionup to �¨X�L6H6Y�Í J .[3] Rangeof theTaylor microscaleReynolds
numberis betweenG6Ã and Í}�6H . Navier-Stokesequationwasintegratedin thewavevectorspacein terms
of 4thorderRunge-Kutta-Gill method.Convolutionsumfor thenonlineartermwasdoneby usingpseudo
spectralmethod.Computationswereperformedusinga FujitsuVPP700EvectorparallelmachinewithL$� processorsat RIKEN, anda FujitsuVPP5000/56with G6Y processorsat theNagoya UniversityCom-
putationCenter. FFT hasbeendevelopedfor themachinesandcorememoy requiresmorethan L6Y6Ã GB.
It tookmorethan500hoursfor computationsfor thehighestReynoldsnumbers.

For the£rsttime,theinertial rnageenergy spectrum�=c Ì fdX}¹�e�C�È»J Ì `�Ñ È»J hasbeenclearlyobservedand
comparedwith theexperimentaldata.It is foundthattheuniversalconstant¹ is L6æ8�6çV¤ÁH6ævH6ç , very close
to theexperimentalvalue, ¹ X}L6æ8�6Y ¤ÁH6ævL$~ .[2] Also Kolmogorov’s Í«[6ç law, ��] J � X}U Í«[6ç$e'� , theonly
exactresultin theturbulencetheory, where��] � X�] c z ����f¶UÆ] c z f is thelongitudinalvelocitydifference,
hasbeenexamined.The scalingexponents�V� of PÉ��] �� T Å��$�i� werecomputeddirectly betweenabout�6H�CùóÂç$
 and ç6H6H�C , whereC is thedissipationlengthand 
 is Taylor’s microscale.They areanomalous
re¤ectingtheintermittency of theturbulence,andconsistentwith theexperimentaldata.Moreis obtained
for theprobabilitydensityfunctionsfor velocity differences.To author’s knowledge,thesearethe£rst
DNSdatain theinertial rangeandprovide usnew featureof theinertial anddissipationranges.
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An economicmarket is a commonlyencounteredself-organisingsystemor network, whosedynamics
profoundlyaffectsusall. Its dynamicsis no doubtvery intriguing. In statisticalphysicsmodelsof inter-
actingsystems,self-organisation[1] hasbeenseento emerge in theglobalaspectsof thesystemwhich
consistsof a largenumberof simpledynamicalelementshaving local interactionsanddynamics,asalso
observed by Adam Smith (1776)in the market consistingof sel£shagents.Economistsnotedthat dy-
namics,which takesthesystemto equilibrium, is greatlyfacilitatedby ‘papermoney’ (ratherthanthe
directcommodityexchangesasin bartereconomy)whichdoesnothaveany valueof its own, but canbe
consideredasa good‘lubricant’ [2, 3]. Also, whenthe(paper)money supplygetschanged,it doesnot
justscaleup(for increasedmoney supply)or down (for decreasedmoney supply)thecommodityprices,
the(self-organising)dynamicstowardsequilibriumgetsseriouslyaffected.
Wehavestudiedherenumericallythesteadystatedistributions

µ c*Ùàf and
µ c
O¶f of money andcommodity

in amodelconsistingof £xednumberof agents� , totalcommodity� andtotalmoney Û in themarket.
Only onecommodityis consideredfor tradeandits price is taken to be£xed(at unity) andit doesnot
changewith the money supply in the market. The subsistencecommoditylevel O ñ of all the agentsis
thesameandeachof themwould like to purchasethede£citamount( O ñ U�O  ) from theagentshavingO  � O ñ , in exchangeof its own money. Apart from thebasicurgeto reachthesubsistencelevel, all the
agentswould like to maximizetheir money. Thesecondinstinctallows theagentswith excesscommod-
ity (over O ñ ) to £ndhungrypartnersandto sell-off theexcess.Thedynamicsconsideredhereis theshort
time (or daily) dynamics.Additionally, we considera long time (or yearly)dynamics,which reshuf¤es
mildly but randomlytheamountsof money andcommodityof eachagent.We de£ne� X O ñ [ � O �
and � OÁ� X �=[�� . The resultingdistributions follow from the successive applicationsof the local
directeddynamics,followed by a randomizationin thequantities.We considertwo cases:unfrustrated
case(� � L ) wherein principleevery agentcanbesatis£ed,andfrustratedcase(� � L ) wherenot all
canbe satis£ed.We concentrateon thequantity

µ c
O ñ f which givesthe steadydensityof agentsin the
market who cansatisfythebasicrequirementof commodity( O ñ ). It is mostsigni£cantin thefrustrated
caseswherethereis notenoughcommodityin themarket to satisfythebasicrequirementsfor everyone.
It grows andthedistribution of commodityamongtheagentsis facilitated,with thesupplyof money Û
in themarket.Weseethat

µ c
O ñ f�X � for � �}L and
µ c
O ñ fd· �®d¯�° c
U � f
[6c � U�L-� d¯�° c
U � f
f for � �ÂL ,

wherethe money supply Û is muchgreaterthan Û ñ , the optimal money requiredin the market. The
analyticexpressionsfor thedistributions(

µ c
O ñ f in particular)wereobtainedusingsimpleformalismsof
statisticalphysicsandagreewell with thenumericalresultsobtained.Theabove observationsarequite
interestingwhencomparedin the context of kinetic theoryof gases[4]. Also, we do not observe any
critical (singular)behaviour in thedistribution functions,althoughself-organisationobviously occurs.

References

1. P. Bak,How Nature Works:TheScienceof Self-OrganisedCriticality, Springer, New York (1996)
2. A. Chakrabortiand B. K. Chakrabarti,Eur. Phys.J. B, 17, 167-170(2000); A. Chakraborti,S. Pradhanand B. K.

Chakrabarti,cond-mat/0012405.
3. P. A. Samuelson,Economics, ��± th Edition,McGraw-Hill Inc.,Auckland,29-32(1998).
4. L. D. LandauandE. M. Lifshitz, StatisticalPhysics, Butterworth-Heinemann,Oxford,79-82(1998).

O46



Ar ehierarchical Weierstrasswalks presenton a stock
market?

R. Kutner
Instituteof Exper. Physics,WarsawUniversity, Ho¢za69,Pl-00681Warsaw, Poland

phone/fax:+0048228536980,e-mailaddress:erka@fuw.edu.pl

In this work we give argumentsthat thehierarchicalWeierstrasswalksmodel(HWWM) is ableto de-
scribestochasticaspectsof high-frequency empiricalstockmarket dataregarding,e.g.,pricechangesof
£nancialindexessuchasS&P ç6H6H index or Xerox stockonetradedin the New York StockExchange
[1]. The formalismof themodelwasintroducedin our initial paper[2] togetherwith theMonteCarlo
algorithmbasedon toss,analogouslyas in ”Petersburgh paradox”which is able to numericallystudy
individual time evolution of a given index measuredat differenttime horizonsaswell asdifferentmo-
ments,correlationfunctionsanddifferenttypesof statistics.TheHWWM is in principlea versionof a
continuous-timerandomwalk (CTRW) with waiting-timedistribution (WTD) de£nedby thehierarchi-
cal superpositionof local conditionalpropabilitydensitiesfor a singleincrementin £nancialspaceand
tradingtime.Sucha form of WTD leadsto resultswhich,with goodapproximation,agreewith Mandel-
brot hipotesis[3] of stochasticself-similarity in thetime evolution of thestockindexes.For example,it
is possibleto reproduce,with controlledaccuracy, thenon-Gaussianscalingandleptokurticpropertyof
£nancialempiricaldata.Of course,theHWWM reproduces,amongothers,Lévy walkswhich seemsto
bemoreproperthanLévy ¤ights,sincean incrementof any stockpricehas£nitevelocity andit is not
instantaneous.Moreover, it exhibits a couplingbetween£nancialspacevariablesandthe tradingtime,
whichseemsto beanimportantfeatureof £nancialempiricaldata;thesimpli£ed,separablehierarchical
modelswerereviewedin ref. [4]. Thanksto HWWM wewereableto preparea two-dimensional”phase
diagram”,basedon theanalysisof thesecondmoments(of theindividual andsummarizedincrements),
which classi£esall typesof thediffusionof stockmarket index from sub-,throughnormal,super-, bal-
listic, hyper-, to Richardsondiffusionand£nally theLévy walks.Concluding,we supposethatthepos-
sibility of constructionthe hierarchicalWeierstrasswalks modelis essentiallybasedon a spontaneous
hierarchicalgroupingof investorsona stockmarket accordingto themagnitudeof investedcapital.It is
relatively easyto extendourmodelto includeapersistent,constanttrend(drift) were£nancialempirical
datareally to exhibit suchphenomena.
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Traf£c¤ow atasingle-laneroundaboutin anurbannetwork is modelledusingcellularautomata.Round-
aboutswithout traf£c lights arecontrolledthroughdriver self-organisationandby the offside priority
rule, (by which a vehicleenteringgivesway to onealreadyon theroundabout).Threeaspectsof round-
aboutperformancein particularhave beenstudied.The £rst, looks at overall throughput,(the number
of vehicles,whichnavigatetheroundaboutin agiventime), for differentgeometries,arrival andturning
rates.Thesecondinvestigateschangesin queue-length,delay-timeandvehicledensityfor anindividual
road.Thethird considerstheimpactof driver choiceson throughputandoperationof theroundabout.

Theroundaboutis modelledasa ring of n cells,whereeachcell maybeeitheroccupiedor vacant,with
deterministicupdaterule. Beforedriving onto the roundabout,vehiclesarerandomlyassignedturning
directions,with speci£edprobabilities.Cararrivalsarerandomwith arrival rates,(theprobability thata
cararrivesatanentrancein agiventimestep),in therange0.05to 0.95.Thegeometryof theroundabout
is alsovariedto includefrom threeto £ve entry/exit roadsandtwo differentsizes,n = 16 and32 cells
respectively.

Throughputdoesnotappearto dependonroundaboutsizeor road-spacing,givensimilar topology, (num-
ber of entry/exit roads),andotherparametersheld constant.However, different throughputlevels are
observedwhenthetopologyis changed.Clearly, theentrancesarebottlenecksin termsof smoothoper-
ation.

In general,throughputincreaseswith arrival rateandreachesamaximumwhenthearrival ratereachesa
critical valueononeor moreroads.Critical arrival ratesfor all roadsdependonroundabouttopologyand
directionof travel whenleaving theroundabout.Thethroughputdecreasesasright-turningrateincreases,
(for carsdriving on the left). The queue-lengthof an individual roadrapidly achievesmaximumasits
arrival rateis increased,with critical arrival rateagaindependentontopologyandthearrival ratesatother
entrypoints.Over10,000time steps,themaximumqueue-lengthor saturationof agivenentryroadwas
observed to occurwithin a few hundredtime stepsfor arrival rates��H6æ Í«ç on thegivenroad.Thedelay
for any car seekingentry onto the roundaboutwasfound to dependnot only on the queue-lengthbut
alsoonfactors,suchasdriver opportunity. Queueformationalsooccurredatcardensitieslower thanthe
maximumdensityfor free¤ow, quotedin earlierwork.

Driver behaviour at roundaboutentranceswasrandomlycategorisedasrational, (whenoptimumcondi-
tions of entry arerealised),tardy andradical, with speci£edprobabilities.Rationalbehaviour leadsto
free-¤ow ontheroundaboutfor all arrival/turningratesconsidered,whereasradicaldecisionsleadrapidly
to roundaboutcongestionandtardydecisionsto decreasein throughputandincreasein queue-lengths.
Assignedprobabilitiesareclearlysubjective andwouldbene£tfrom calibrationonrealdata,but equally
areunlikely to bestandardfor realtraf£c systems.

References

1. Chopard,B., Dupuis,A., andLuthi, P., (1998)Traf£candGranularFlow’97, World Scienti£c,pp.153-168.
2. Hyden,C. andVarhelyi,A., (2000)AccidentAnalysisPrevention32,pp.11-23.
3. Yakawa,S.,Kikuchi M andTadaki,S.,(1994)J.Phys.Soc.Jpn.,63,No. 10,pp.3609-3618.

O48



Molecular dynamicssimulation of the nanoparticlestransfer
in gasesand liquids

Rudyak V.Ya. and Belkin A.A. and Kharlamov G.V.
NovosibirskStateUniversity of Civil Engineering, Leningradskaya,113,630008,

Novosibirsk,Russia

(3832)668014,fax: (3832)161107,rudyak@ngasu.nsk.su

The numericalsimulationof transferprocessesof the nanoparticles(the particleswith the sizesareof
theorderof L6H¬²�L6H C nm) in densegasesandliquids is theaim of presentpaper. Theevolution of hard
spheresheterogeneoussystemconsistingof the homogeneousmolecularsystemof hardsphereswith
radius� andmassÙ in which thedispersedparticlewith radius × andmassÛ dip into is investigated.
We will usethe moleculardynamicsmethod.The massratio is equalto Û�[�Ù X|L6HÕ` C ² G6H6H . In our
calculationsthe ratio of moleculeandparticleradii is equalto × [�� X Y�²ÁÍ . We usedfrom 2 until 10
thousandmolecules.Thevelocityautocorrelationfunctions,thepairequilibriumcorrelationfunction,the
pressuredependanceonconcentrationof thedispersedparticleswereanalyzed.Thediffusioncoef£cient
andviscosityof consideredmediawerecalculated.

In particularwe will discusstwo obtainedresults.The £rst oneis the investigationof small dispersed
particlein¤uenceon liquid-solidphasetransition.It wasshown thatthecharacterof thephasetransition
changeessentiallyif a large dispersedparticle is immersedinto homogeneousliquid. In this casethe
phasetransitiontakesplaceathigherdensitiesandpressures.Moreover, thepressureof themixtureis less
thenone-phasesonewith thesamedensity W in liquid stateandmorethenone-phasesystempressurein
solidstate.Thephasetransitionin heterogeneoussystemhasgeometricalnatureasin homogeneousone
andthereforethevariationof thecharacteristicvalueof thephasetransitiondensityis easilyexplained
by thescreeningeffect.

Thesecondresultis connectedwith thecalculationof thenanoparticleautocorrelationvelocity function.
Thecalculationsshowed,thatin liquidsandverydensegasthedependenceof theautocorrelationvelocity
functionof heavy ( Û � ç�Ù ) smoothparticlesis well approximatedby thesumof two exponentswith
differentrelaxationtimes

I:³>³ X}Ø B d¯�° c
U e�[�´ B f���Ø C d¯�° c
UÇe�[�´ C f
æ (1)

Equation(1) show, thatnanoparticlevelocity relaxationis characterizedby two mechanisms(asa mini-
mum).Fromourviewpoint, the£rstis connectedwith interactionsof a particlewith separatemolecules
andsmallgroupof molecules.Anothermechanismis connectedwith theparticleinteractionwith carrier
mediummicro¤uctuations.It is important,thatthesecondbranchof theautocorrelationvelocityfunction
for nanoparticleis exponentialandis greatlydifferentfrom power dependence,which is characteristic
of onecomponentsystemof hardspheres.If thecarrierdensityis reduced,thedifferencebetweenrelax-
ationtimes ´ B and́ C is alsoreduced,andtheautocorrelationfunctionwasdescribedby theexponential
curve for suf£cientlysmalldensities.

The sameresultswere obtained,when benzoland freon-12diffusion in hydrogenenvironmentwith
pressureÃG² Y$] Û µ Ø wascalculated.The last part of the paperwasdevotedwith calculationof the
nanoparticlesdiffusioncoef£cients.Thencalculatedvaluesis comparedwith theexperimentaldata.
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Granularmediaembodypropertiesof solids,liquidsandgases,but studiesof thegranularstatecontinue
to producesurprisingresultsthatareuniqueto thisclassof matter. Computermodelingis important,due
to thefactthatoncetheability to reproduceexperimenthasbeendemonstratedit canbeusedto explore
themechanismsinvolved.A recentlyreportedexampleof unusualbehavior in granularmatterinvolvesa
granularlayerthatis vibratedverticallyby abasewhosesurfacepro£leconsistsof sawtooth-likegrooves.
Experiment[1] revealstheoccurrenceof horizontal¤ow whosedirectionandmagnitudedependon the
parametersof the systemin an apparentlycomplex manner. Detailedsimulationsof this phenomenon
[2] demonstratethattheinduced¤ow rateactuallyvarieswith heightwithin thegranularlayerand,even
moresurprisingly, thatoppositelydirected¤ows canexist simultaneouslyatdifferentlevels.

A combinationof thisphenomenonandthefamiliareffectof verticalsizesegregationundervibration[3]
suggestsanentirelynew mechanismfor separatingthecomponentsof a granularmixtureaccordingto
particlesize.If theupperandlower layersof thematerialmove horizontallyin oppositedirections,and
thelargerparticlesclimb towardsthetopof thelayer, thensomedegreeof horizontalseparationof large
andsmallparticleswill result.Simulations[4] reveal that this behavior actuallyoccurs,andthata high
degreeof segregationcanbeachieved.

Thecomputationsemploy thesamemodelsusedin previouswork [5], with interparticleinteractionsthat
accountfor grain shape,inelasticcollisionsandfriction. The simulationsallow a detailedexamination
of thedependenceof horizontal¤ow velocity on theheightwithin thegranularlayer. Nearthebasethe
behavior is dominatedby ratcheting,in which thegrainstendto climb up theshallow toothedge;on the
otherhand,toothasymmetryaffectstheupperlevelsin theoppositefashion,with thegrainsbeingtossed
in thereversedirection.Simulationsinvolving abimodaldistributionof particlesizesclearlydemonstrate
thenovel horizontalsegregationeffect in both two andthreedimensions;separationoccursevenwhen
theparticlesizesdo notdiffer greatly, suggestinga fairly sensitive mechanism.

On a moregenerallevel, while thefamiliar role of computersimulationasappliedto granularmediais
in attemptingto reproduceexperimentalbehavior, heretheprocesshasbeenreversedandsimulationhas
identi£eda previously unknown granular¤ow phenomenon.It remainsto beseenwhetherrealgranular
matterobeys thesepredictions;if this is thecase,thensinceseparationis animportantcomponentin the
processingof bulk granularmaterialssuchanapproachcouldbeof industrialvalue.
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A dynamicalinteractionbetweena tip anda substrateinvolvescohesion,wear, adhesion,friction, dif-
fusion,andetc. It is closelyrelatedto an indentationprocessandan interfacial phenomenonin nano-
materialscience.It hasbeenwidely exploredboth theoreticallyandexperimentally[1, 2]. However, in
the recentlytheoreticalworks thereexists an obvious weakness,i.e., dueto the limitation of computer
resourcesthe speedthe tip advancesover substrateis requiredto be greaterthan1.0 Ùà[6S .[2]. In the
experiments,thevelocity is only at therangefrom ·!Ùà[6S to ÙRÙà[6S [1, 2]. Theexperimentalandthesim-
ulationvelocitiesarequitedifferentfrom eachother. For this reason,we mayquestiontheconclusions
from thosesimulations.In orderto investigatethis problem,asanexample,we simulatethe interaction
of a Si tip andits (001)-Y)r@L surfaceby moleculardynamicsmethod.Our aim is to presenta new and
reasonablemethodto describethefriction phenomenonof nano-materialstheoretically.

In the simulations,the computationalcell consistsof a Si tip anda Si substrate.The Si tip is placed
over theSi substrate.Periodicboundaryconditionsareusedin thetwo dimensionsparallelto thesurface
plane.In thethird dimension,£xedboundaryconditionsareestablishedby staticatomsin thebottommost
layersof substrateandthetopmostlayersof thetip. Thepositionsof thestaticatomsare£xedattheirbulk
latticesites.In thiswork twomethodsareused.In the£rstmethod,thestaticatomsof thetip aredisplaced
in thedirectionof sliding eachMD time stepandthedynamicatomsarerelaxedsimultaneously. This is
a traditionalmethodandhasbeenwidely usedin thestudyof a tip-substratesystem.[2]. In thesecond
method,thetip is £xedover thesubstratewhile its dynamicatomsarerelaxedfor 1000timesteps.Then
thestaticatomsof the tip advance0.05 ªA) alongthedirectionof sliding. The processis repeated.For
all of thesimulations,thetemperatureof dynamicatomsis controlledby Hooverdymamicsequation[3].
Beforethesimulationsareperformedfor thesystemby theMD, a conjugategradientmethodhasbeen
usedto relaxthetip andthesubstrateof thesystem,respectively. In all of thecaseswesimulateaconstant
heightscanof a tip over asubstrate.

It is foundthatif thetip andthesubstrateapproacheachothercloselyenough,for thetwo schemesawear
occursunderslip-stick way, but their detailsarequite differentfrom eachother. We presenta detailed
explanationfor thisphenomenonandconcludethatdifferentfrom the£rstmethod,at largemeanvelocity
(severalm/s)thetip moves,thesecondmethodmaybeusedto simulateaquasi-equalibriumprocess.In
experiments,the tip andthe substrateinteracton eachother in a quasi-equalibriumprocess.Thusthe
secondschemeis moreappropriatefor thedescriptionof experimentalsituations.In additions,we £nd
thatthefriction propertiesof nano-materialsarerelatedto aslidingdirection.
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A completeunderstandingof theglasstransitionof a¤uidandwhatstructuralfeaturesreallydistinguish
the solid glassfrom the liquid from which it wasformed,arestill challengingproblems.While some
researchersattribute glassyfreezingto the (hypothetical)vanishingof the con£gurationalentropy at
the“Kauzmanntemperature”,which is lower thantheexperimentalglasstransitiontemperature,others
emphasizethedynamicaltransitionat thecritical temperatureof modecoupling-theoryfrom theergodic
¤uid to anonergodicstate.

A classof disorderedspin modelshasbeenfound which exhibit a uni£edscenarioand hasa lot in
commonwith thestructuralglassphenomenology[1]. Oneof thesemodelsis the ¸ -statein£nite range
Pottsglasswith ¸.� Í , which presentsboth,a dynamicalphasetransition,anda staticoneat a lower
temperature.In this modelevery spinsinteractswith all theothers,irrespective of distance.Interactions
are taken from a Gaussiandistribution. It is well establishedthat onehasboth a dynamicaltransition
wherethe relaxationtime of thespin-spinautocorrelationfunctiondivergesat a temperature

Ú y anda
statictransitionat a lower temperature

Ú ñ wherea glassorderparameterappearsdiscontinuously, and
boththeinternalenergy andtheentropy asfunctionsof temperaturepresentakink.

In orderto understandbetterthebehavior of the modelfor £nite numberof spinsandthe approachto
the thermodynamiclimit, we have performedextensive Monte Carlo simulationsof the ¸ðX L6H Potts
glass.Comparingresultsfor systemsizes�ìXZL$�6H { G6Y6H { ��Í«H { L6Y6ÃÕH and Y6ç$�6H at temperaturesabove the
dynamicaltransitiontemperature

Ú y , theextrapolationof dynamicpropertiesto thethermodynamiclimit
is studiedfor thismodel,andadynamical£nitesizescalingbehavior near

Ú y is proposed[2]. For thetwo
smallestsystemsizes,alsothebehavior in thespinglassphasedown to a temperature

Ú XíH6æ8~ ( b¹�6H6I
of thetransitiontemperature)is obtained.Well-equilibratedcon£gurationsareobtainedwith theparallel
temperingmethod[3, 4], whichis alsousefulfor properlyestablishingstaticproperties,suchastheorder
parameterdistribution function

µ c
O¶f . Theautocorrelationfunctionat low
Ú

exhibits a two-stepdecay,
anda scalingbehavior typical of supercooledliquids, the time-temperaturesuperpositionprinciple, is
observed.Theparalleltemperingmethodhelpedusgiving accessto a low-temperatureregion otherwise
notaccessiblewith standardsingle-spin¤ip MonteCarlomoves.
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The simulationof electron-electronscatteringin semiconductordevicesby meansof MC simulations
is complicate,sincethe scatteringratesdependon the electrondistribution itself and a two particle
scatteringhasto besimulatedfor theshortrangedirectinteractionof electrons.We introducedthelocal
iterative MonteCarlo(LIMO) algorithmin orderto reducethecomputationtime of MonteCarlo(MC)
simulationsof electrontransportin semiconductordevicesby a moreef£cientuseof thecomputational
resources.[1, 2] In this contribution we focuson thepossibilitiesfor aneffective treatmentof electron-
electronscatteringwithin theLIMO approach.

Two propertiesof the LIMO algorithmsimplify the simulationof electron-electroninteractioneffects
comparedto standardMC algorithms.First,theenergy distributionof electronsis known ateachiteration
of theLIMO algorithm.LIMO doesnotsimulatethe¤ightof anensembleof electronsthroughthedevice
like standardMC algorithmsbut changesthedistribution iteratively by applyingmany MC simulations
of short ( ó L6H ` B Ò sec.)electrontrajectories.Therefore,the electrondistribution is alwaysaccessible
andtheself-consistentelectron-electronscatteringratescanbecalculateddirectlyusingFermi’s Golden
Rule.Secondly, thepartnerelectronfor a shortrangeelectron-electronscatteringcanbecreatedout of
thedistribution andreturnedto thedistribution for eachscatteringprocess.In standardMC algorithmsa
computationalexpensive searchfor a partnerelectronfrom theensembleof modelelectronis necessary
andthecorrecttreatmentof energy andmomentumof bothelectronsis morecomplicate.Bothproperties
togetherleadto a lesscomputationalexpensive treatmentof electron-electronscattering.

TheLIMO approachto electron-electronscatteringwasusedfor theinvestigationof hotelectroneffects
in short channelMOSFETs.The exemplaryMOSFETsfrom the well-temperedMOSFETproject [3]
with channellength90 nm, 50 nm and25 nm weretaken for this investigation.The resultsreveal that
the long rangeelectron-plasmonscatteringleadsasadditionalrelaxationmechanismto a reductionof
thedistribution while theshortrangedirect interactionincreasesthehigh energy tail of thedistribution.
SubstrateºV» andgatecurrentº � werecalculatedfrom thesimulatedelectrondistributionsfor theanalysis
of hot electroneffects.With electron-electroninteractionan excellent agreementwith measurements
couldbeachieved.

In conclusion,theresultsfor shortchannelSi-MOSFETsproof, thattheLIMO techniqueis aneffective
MC approachfor complicateproblemslike thesimulationof electron-electronscatteringin semiconduc-
tor devices.It maybepromisingto transferthebasicideaof theLIMO approach,theiterativeapplication
of smallMC stepsto adistribution, to otherapplications.
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Thelarge-eddysimulation(LES)approachis adaptedfor fully developedincompressiblemagnetohydro-
dynamic(MHD) turbulenceandtestedby comparisonto high-resolutiondirect numericalsimulations.
Dueto thelargenumberof degreesof freedom,inherentto turbulentMHD ¤ows,theReynoldsnumbers
reachedin directnumericalsimulationsof suchsystemsarestill many ordersof magnitudelower than
thevaluesobservedin nature,e.g.,in astrophysicalsystemslike thesolarwind. TheLEStechniqueaims
at overcomingthis dif£culty by directly computingonly thelargestturbulentscalesof motionwhile in-
corporatingthe in¤uenceof thesmall-scall¤uctuationsthrougha subgrid-model.This scale-separation
is achievedby applicationof aspatial£lter to theturbulent£elds[1]. TheMHD equationsfor the£ltered
velocity (¼ ) andmagnetic(½ ) £eldthenread

¾.¿ ¼ X U L§À c ¼ ¼ùU ½ ½��ÂÁ ³ f��ÄÃ � ¼RU L ¸ {¾.¿ ½ X U L§À c ¼ ½�U ½ ¼ �ÂÁ Å�f!�ÆCÏ� ½ {
LÇÀ ¼ X LÇÀ ½àX}H {

with the effective £lteredpressurȩ , the kinematicviscosity Ã and the magneticdiffusivity C . The
£ltered-scalestresstensorsÁ ³ and Á Å dependon the turbulent scalesthat have been£lteredout, con-
sequentlythey have to be modeledusingthe resolved scalesof motion. Here,the turbulent systemis
representedby acubeof edgelength Y�~ whereinthe£lteredMHD equationsaresolvedby apseudospec-
tral algorithmwith explicit time-steppingandperiodicboundaryconditions.The freeparametersof all
appliedsubgrid-modelsarecalculatedself-consistentlyduringrun-timewith thedynamicprocedure£rst
proposedby Germanoet al. [2].

Theperformanceof differentgradient-diffusion typesubgrid-models(seee.g.[3]) is evaluatedin LES
with a maximumof ��Í J spectralmodesby usingdatastemmingfrom high-resolutiondirectnumerical
simulationsof decayingandforcedMHD turbulencewith up to ç6L6Y J spectralmodes[4]. A priori tests
on the correlationbetweenexact andmodeledsubgrid-stressestogetherwith a posteriori testson the
probability density functionsof the £eld increments,the energy and energy transferspectraand the
temporaldevelopmentof importantmacroscopicquantitieslike kinetic andmagneticenergy, the ideal
invariantscrosshelicity È \ fÉ¼ À ½ andmagnetichelicity È \ fMÊ À ½ , Ê beingthecomponentsof the
magneticvectorpotential,show that the turbulent dynamicsis well capturedby the differentsubgrid-
modelsatasubstantiallyreducedspatialresolutionof ��Í J modes.All observationscon£rmconvincingly
thegeneralapplicabilityof thedynamicprocedureLEStechniqueto homogeneousMHD turbulenceand
allow aclearrankingof theusedsubgrid-modelingtechniques.
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Recentexperimentalresults[4] indicate,that the microscale¤ows areessentiallydifferent from ¤ows
in large scaleand the continuum,Navier-Stokes approachis not suitablefor explaining the observed
microscalephenomena.However, thereexist someexperimentaldata,which agreewith the theoryof
micropolar¤uids[2], alsobasedon theassumptionof acontinuousmedium.

Themicropolar¤uid theoryis widely usedfor descriptionof real¤uidswith internalstructure([4] and
the paperscited there).This theoryis beingdevelopedrapidly becauseof its possibleapplications(in
tribology, biotribology, for microchannel¤ows, in magnetorheology, etc.).

Theexperimentsandesimationsindicate,that for real¤ows themicropolareffectsareimportantonly if
thewidth of thechannelis comparableto thedimensionsof the¤uid particles.Otherwisetheclassical
Navier-Stokesdesriptionis adequate.For suchnarrow channels,however, theassumptionof continuous
mediumseemsnot to bejusti£ed.

The problemof validity of the micropolar¤uid model for the ¤ows throughnarrow channelsis open.
Solutionis becomingurgent[3], sincetheareaof possibleapplicationsis still increasing.

Thispaperpresentstheresultsshowing to whatanextentthetheoryof micropolar¤uidsmaybeapplied
to ¤ow througha channel,whosewidth is comparableto thedimensioncharacteristicfor themolecular
structureof the medium(meanfree path,averagedistancebetweenthe moleculesor diameterof the
molecule– whichever is thelargest).

Wepresenttheresultsof thenumericalsimulationof the¤ow consideredasamotionof separateparticles.
The methodsof Molecular Dynamicsand Direct Monte-CarloSimulationare employed. The model
of collisions takes into accountrotation of the molecules.Large numberof the performednumerical
simulationsmakesit possibleto obtainthe averagedistributionsof velocity. Thesearecomparedwith
solutionof theEringenEquations[1] for thePoiseuille¤ow.

Thecomparisonsarepresentedfor variousvaluesof thegeometricand¤ow parameters:variousvaluesof
theratioof thecharacteristicmoleculardimensionto thechannelwidth, variousnumbersof theparticles,
variousmodelsof theinteractionsof theparticleswith walls,variousinitial positionsof theparticles.
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In thepaperwepresentandcomparetwo differentapproachesof ¤uid¤ow simulationin thepresenceof
interactingparticles.The£rstmodelis basedon worksof Schwarzeret al. [1, 3]. Thecontinuousmodel
of ¤uid is describedby Navier-Stokesequationsandnumericallysolvedby Finite Elementsin orderto
increasethe¤exibility of boundaryconditions.Particle-particlevisco-elasticinteractioncalculationsare
acceleratedby applyingfastMD algorithms.Particlesinteractwith the¤uid locally, i.e. in theelementin
which they areplaced.The¤uidactson theparticlewith thereactionandlubricationforces.Weassume
stationary, laminar¤ow of Newtonianincompressibleviscous¤uidfor smallvaluesof Reynoldsnumber,
with particleseither immobile or moving along the ¤ow or due to gravity. The computerexperiment
assumestwo phase¤ow throughporousmediumwith particleconvection/sedimentation. The original
simulationcodehasbeenelaboratedfor both3D and2D systems.In theexample,a ¤ow troughcurved
pipe with immobile particlesdistributed on randomis shown in Fig.1a,b. Certainirregularitiesof the
velocitydistribution dueto thepresenceof particlescanbeseenin Fig.1a.

a)
b)

c)

Fig. 1. Distributionof total velocity (a)andpressure(b) in the¤ow throughS shapedpipe£lledwith particles.
(c) Themultiresolutionstructuresemerging in mesoscopicsimulationof colloidal agglomerateacceleratedin
complex ¤uid

Differentapproachhasbeenemployed for simulatinga granularmediumdispersing(fragmenting)in
the complex ¤uid. For example,in tiny blood vesselsthe large blood cells areof comparablesize to
the granularmicrostructuressuchas thrombus or medicines.In this case,the complex ¤uid - blood -
cannotbe simulatedby usingcontinuummodels.In Fig.1c,we presentthe resultof 2-D simulationof
colloidalagglomeratein aperiodicboxfragmentingin thecomplex ¤uid.Thecolloidalbedsaremodeled
employing singularDLVO forceswhile the bulk of ¤uid is simulatedwith ¤uid particles.The ¤uid
particlesinteractwith dissipative forcessuchasin [4]. In result,thecomplex multiresolutionstructures
emerge.
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At several Europeansitesthe commissioningof large installationsof APEmille computerswill be £n-
ishedin spring2001.Thesemachinesmakeanother2 T¤opsof computingpoweravailablefor numerical
simulationsin theoreticalparticlephysics.APEmille is the mostrecentgenerationof APE computers.
Theprevious generationAPE100hasbeenintensively usedfor many yearsby several internationalre-
searchcollaborations.

In this talk we describetheAPEmille computersandreporton our experiencesrunningthesemachines.
APEmille is a massively parallelcomputerwhich wasdesignedby theAPE project(”Array Processor
Experiment”)at INFN (Istituto Nazionaledi FisicaNucleare)in collaborationwith DESY (Deutsches
Elektronen-Synchrotron). The building blocksof APEmille arecrateswhich consistof 16 processing
boardseach.Eachcratehasa peakperformanceof 67 G¤ops.Thereare8 processorsperboardwhich
arespeciallydesignedfor complex arithmetics.Thenodesareconnectedin athree-dimensionaltopology
by a fastsynchronouslow-latency communicationnetwork.

The Johnvon NeumannInstitutefor Computing(NIC) runsseven APEmille cratesat DESY Zeuthen.
This installation is mainly usedto simulateQCD with dynamicalfermions.Before that usually vir-
tual quarkloopshave beenneglected.This approximationis conventionallyreferredto as”quenching”.
During this talk we will give a survey on the differentcollaborationsandtheir researchtopics.These
collaborationscover mostof the key issuesof this £eld, like hadronicspectroscopy or calculationof
fundamentalparametersof thetheory(e.g.quarkmasses).

In the remainingpart of the talk we will focuson the algorithmsusedin simulationsof QCD on the
lattice and discussthe hardware requirements.The main challengein lattice QCD simulationsarises
from the fermionic degreesof freedom.From a numericalpoint of view the fast computationof the
discretizedDirac operatorandtheavailability of ef£cientalgorithmse.g.for the inversionof very large
sparsematricesarecrucial.
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Cactus[1] is anopensourceproblemsolvingenvironmentdesignedfor scientistsandengineers.Its mod-
ular structurefacilitatesparallelcomputationacrossdifferentarchitecturesandcollaborative codede-
velopmentbetweendifferentgroups.TheCactusCodeoriginatedin theacademicresearchcommunity,
whereit hasbeendevelopedandusedover many yearsby a large internationalcollaborationof physi-
cistsandcomputationalscientists.Wediscussherehow theintensivecomputingrequirementsof physics
applicationsnow usingthe CactusCodeencouragethe developmentanduseof Grid computingtech-
niques.Wedetailcapabilitiesfor largescalecomputingnow availableandunderdevelopmentwithin the
framework[2], including

Cactus Computational Toolkit: A set of modulesusableby any applicationproviding functionality
suchascheckpointing,parallelI/O, parallelinterpolatorsandreductionoperators,aswell ascoordinates
systems,boundaryconditions,andelliptic solvers.
Accessibility to Resources:A CactusUserPortal to providesa easy-to-useinterfacefor usingremote
machines,in botha local andGrid environment,providing codeassembly, resource£ndingandauthen-
tication,executablestaging,andsimulationmonitoringandsteering.
Remote File Access:Large-scalecomputersimulationsgeneratelarge-scaledatasets.Conventional
analysisandvisualizationthenbecomesprohibitively resource-intensive whenremotesimulationdata
mustbemovedto a localmachinefor processing.Enhancementsto theHierarchical DataFormatHDF5
I/O library, allow existing I/O layersto operatedirectly on remote£leswhichareuniquelyaddressedby
theirURL.
RemoteVisualization, Monitoring and Steering: Remotevisualizationis the capability to visualize
data(possiblyin a virtual £le streamedlive from a runningsimulation)from a remoteresourcewith a
client on a local machine,eliminatingtheneedto move enormousamountsof databetweenmachines.
Cactusprovidesseveraldifferentimplementationsof datastreaming.whichcanbeviewedusingvarious
visualizationtools (e.g. [3]). Scientistsusing large scaleremoteresourceshave to copewith different
accounts,networks,operatingsystems,andqueuingsystems.Cactusalleviatesmany of theseproblems
with a modulewhich providesa simulationwith its own webserver providing detailedsimulationinfor-
mationviewable from any remoteweb browser. The web interfacecanalsobe usedfor steering:e.g.
pausingor terminatingasimulation,aswell aschangingthevaluesof parameters,for examplechanging
dataoutputproperties.
Dynamic and Distributed Grid Computing: Distributing asinglesimulationacrossmultiple resources
providesthemeansto run large simulationsor to run simulationsimmediately. Cactusapplicationsare
easilydistributedusingtheGlobusToolkit. We aredevelopinga Grid ApplicationToolkit to exploit the
Grid for new dynamicapplicationscenarios.
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Theworld-wide Web is a directedgraphwith nodesrepresentingWeb pagesandarcsrepresentingthe
hyperlinksbetweenpages[1, 2, 3]. Recentlarge-scalemeasurements[2] show that both outgoingand
incominglinks in theWebexhibit hierarchicalorganizationwith differentscalingexponents.In addition,
thesizeof connectedcomponenthasscalingbehavior andagiantcomponentin thecenter. Thiscomplex
structureof the realWebremainselusive for simpli£edmodelingof genericsocialnetworks with only
dynamicsof incominglinks thatis governedby preferentialattachmentrules[4]. Applying ageneralized
random-graphtheoryto studystructureof theWebtheauthorsin Ref.[3] havedemonstratedhow agiant
componentcanoccurin directedgraphs.In theirapproach,however, it is necessaryto assumethe“right”
distributionsof incomingandoutgoinglinks in orderto getaquantitative agreement.

Herewe presenta growth model [1] of directedgraphsin which we show, £rst, how the correctdis-
tributionsof outgoingand incoming links emerge from the growth rulesand,second,we explore the
structureof thegrown network by numericalsimulations.We suggestthedynamicrulesthataremoti-
vatedby the policiesof agentsin the real world-wide Web. Thekey featuresof the modelare:(i) link
correlations—the incominglinks aredriven by the dynamicsof outgoinglinks, (ii) link updates—the
links of the network are rearrangedat the paceat which the network grows, and(iii) bias activity of
agentsandbiasattachmentof links. Theserulesleadto thestructureof links thatis speci£cto theWeb.
Weusenumericalsimulationswith theabovedescribeddynamicrulesto grow a largenetwork. We then
measuretheprobabilitydistributionsof noderanks.Theemergenthierarchicalorganizationbothof out-
goinglinks andincominglinks compareswell with therealWeb. A singlecontrolparameter—ratioof the
updatedversusaddedlinks per time stepis estimatedfrom thecomparisonwith theavailableempirical
data[2].

We thenexplore thestructureof thenetwork usingtwo differentapproaches.First, we mimic theWeb
crawls startingfrom arandomnodein thenetwork to determinesizeanddepthof connectedcomponents.
We show that for theabove estimatedvalueof thecontrolparameterthesizedistribution with thegiant
componentoccurswhich is in agreementwith the empiricaldata[2]. Second,we simulatea random
walkeronthenetwork to determinethelocalpropertiesof thestructure.Wealsodiscusspossiblescenario
whenthecontrolparameteris freely varied.
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Recently, Costa-Filhoetal. [1] haveshown thatdistributionsof votespercandidatefor the1998elections
in Brazil follow a power law distribution, with exponent· U�L6ævH . They obtainedthesameresultfor the
wholecountry(candidatesfor aseatasfederaldeputy)aswell asfor thestateof SãoPaulo(candidatesfor
a seatasstatedeputy).Thesamebehaviour wasobserved in the2000electionsfor city representatives.
Electionsareprocesseswhereavoteis supposedto beobtainedasaresultof convincingarguments.This
canbe doneby the candidate/partyor othervoters.Thus,it canbe comparedwith a physicalprocess
of clustering.However, usualmodelsof formationof clusters(aspercolation,for instance)may give
exponents·}U�Y6ævH (squarelattice).

In this work, a modi£edversionof the Sznajdmodel[2] is usedto simulateproportionalelections.A
squarelattice of size a r.a representsthe setof voters.A numberof � candidatesis de£nedin the
beginningof thesimulation.Thevalue� of asite q on thelatticerepresentsthatthis voterhasgiventhe
vote to that candidate� . Themodelhastwo differentstages:First, the initial conditionis de£nedand,
afterthat,theelectoralcampaignis simulated.

The£rststagestartswith anemptylattice,meaningthattherearenovotes.Then,all thesitesarevisited
at random.For eachvisit, a candidaterandomlychosentriesto convincethevoter. This candidatehasa
probability

µ ø X�c*�d[���fÉC (theprobabilityof convincing) of beingaccepted.If thecandidateis accepted
by thatvoter, now thevotertriesto convinceits neighbourhood,onceagainwith probability

µ ø
: for each

neighbouringsite thathasthesamevalueof thecandidatechosenbefore,all thesix neighbouringsites
of this bondof two siteswill assumethesamevalue(asin theusualSznajdprescription).If nobodyhad
chosenthesamecandidate,only theoriginally selectedvoterwaschanged.

In thesecondstage,ausualSznajdprocessis performed.A siteandoneof its four neighboursarechosen
at random.If thetwo siteshave thesamevalue(they vote in thesamecandidate)all thesix neighbours
changeto votein thatcandidate.

As in realelections,onedoesnot wait for a kind of equilibriumstate,but countthevotesfor different
times,i.e., it is donethe analysisduring the transienttime, L5Ë eÌË a�C . For simulationswith · L6H M
votersand Y6H6H6H candidates,a power law behaviour with exponent U�L6ævH$] wasobtained,similar to that
observedexperimentally[3].
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Physicsasadisciplinehasplayedanimportantrole in thedevelopmentof scienceandtechnologyworld
over. Countrieswith strongphysicsprogrammeareoneswho comeup with new technologiesandnew
discoveries.Thethird world countriesandthemajority of thesebeingin Africa, suffer from many prob-
lemsin having a goodphysicsprogrammesin researchandteaching.The contributing factorsare: (i)
shortageof £nancialresources,(ii) shortageof trainedmanpower, (iii) lackof basictechnicalinfrastruc-
ture.

The availability of powerful PC’s at an affordableprice, the internetand networking facilities, have
openedup new opportunitiesin teaching,researchandinformationexchangein third world countries.
It is now possibleto have researchandteachingopportunitiesin computationallyintensive calculations,
modelingof realisticcurrentproblemsanda possibility of global collaborationsin experimentalwork
throughremoteterminals.Computationalphysicsprogrammesat undergraduateandgraduatelevel is
seento preparea physicist for global collaboration. The author£nds,in the context of third world
countries, in particularat the University of Zambia,Lusaka,Zambia,the studentsand staff greatly
bene£tingin researchandteachingthroughcomputationalphysics.Theprogrammecurrentlyofferedis
explainedwhichcanbeamodelprogrammefor many countries.

Therecentadvancesin computersoftware,especiallyin programminglanguageshasbroughtin acertain
amountof confusion.Thereis in existencea diverseadoptionof operatingsystems,programminglan-
guagesandtheuseof generalpurposeutility softwarepackages.This resultsin limited communications
betweenvariousgroups,duplicationin thedevelopmentof software.Thereareanumberof websitesof
variousinstitutionswhich have freely accessiblesoftwareandotherrelatedresources.However, this is
inef£cientfrom thepoint of usersincemuchof thetime is spentin browsingbeforeonecoulddecideto
usesuchasoftware.This re¤ectseventuallyinto wastageof limited £nances.In conclusion,it is recom-
mendedto establish:(1)world body, supervisingandrecommendingresources,standardsandstructure
in computationalphysics(science),(2) aninternationalresourcecentrewhereinfreesoftwareandutility
packagescanbe accessed,(3) internationalcontributions in £nancesto establisha programto support
anddevelopcomputationalphysicsprogrammesin thethird world countries.
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Multi-phase¤ow in porousmediais aproblemencounteredin oil recovery andhydrology. Theproblem
hasa very complex naturesinceit involves the topologyof the porousmedia,the numberof phases
present,thepropertiesof thesephases,e.g., viscosityandwettability, andthe¤ow conditions,e.g., global
pressuregradientsanddistancesfrom inletsandoutlets.

In particular, for two phase¤ow, a lot of experimentalwork hasbeendonein orderto £ndaverage¤ow
propertiesof thetwo phasesin speci£cporousmedia,propertieswhich areapplicableto oil production,
seee.g.[1] . Thetheoreticalunderstandingof two-phase¤ow is growing, but still thereis muchto bedone
in orderto bridgethegapbetween¤ow propertieson porelevel andmacroscopic¤ow properties.Exper-
imentally therehasbeendonework on two-dimensionalsteadystate¤ow, which revealsthe complex
natureof bubbledynamicsandtheneedof adeeperunderstanding[2].

We presentwork doneon a porelevel network model.In two dimensionswe simulatetwo-phase¤ow
within a network of tubes.For eachtime stepa discretePoissonproblemwith time-dependentcoeff-
isientsis solvedfor thepressurewithin themodel.Thetimeevolution is foundby Eulerintegration.The
boundaryconditionsarebiperiodic,which allows the systemto run for a long time, and thusreacha
steadystate.Previoussimulationsonthisscaleandlevel of detailshaveconcernedinvasionprocesses[3].
The presentwork goesbeyond the front phenomenaof one¤uid displacinganotherand look at bulk
behaviour far from inletsandoutletswherecomplex bubbledynamicsoccur.

Simulationson this modelprovidesaverage¤ow properties,namelythe fractional¤ow of eachphase,
andthecorrespondingglobalpressuregradient.Thesepropertiescanbetranslatedinto the languageof
relativepermeabilitiesandmobilities.Thepropertiesareknown to befunctionsof many parameterssuch
asthecapillarynumber, which physicallyis theratio betweenviscousforcesandcapillary (interfacial)
forces,theviscosityratio betweenthetwo phases,andthewidth of thesizedistribution of theporesof
theporousmedia.

The many free variablesof the problemmake a numericalapproachparticularly interestingsincethe
behaviour of themacroscopicpropertiescanbestudiedasa functionof themicroscopicpropertiesin a
systematicway. To the£rstend,thesesimulationscontributeto revealthestructureof thesedependencies.
Secondthemethodcanhopefullybedevelopedfurtherandthusprovideresultsfor speci£crockand¤uid
systems.
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A briefdiscussionof themulticanonicalsimulationmethod[1] will begivenandtheresultsof oursimula-
tionsof someshortpeptideswill bepresented.Thedeterminationof theapriori unknown multicanonical
weightfactorsby recursionwill beshown. Theintermediatestepsof thesimulationmethodstartingfrom
a given sequenceas the input leadingto the folded threedimensionalstructureand the minimization
procedurewill bepresented[2]. Thecomparisonto thecanonicalsimulationsat £xed temperatureand
theeffectivenessof themulticanonicalsimulationmethodwill bediscussed[3].
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The protein-foldingproblemis to understandfor a given protein the relationbetweenits sequenceof
aminoacidsandthe setof thermallyaccessibleconformations;andto comprehendthe mechanismby
which theproteinfolds into its biologicallyactive structure.

In principle,suchquestionscanbestudiedby computersimulations.However, theenergy landscapeof
proteinsis characterizedby a multitudeof local minimaseparatedby high energy barriers.Hence,low
temperaturesimulationsby canonicalmoleculardynamicsor MonteCarlowill gettrappedin con£gura-
tionscorrespondingto oneof theselocalminima.Weshow how thisso-calledmultiple-minimaproblem
canbe overcomeby new simulationtechniquessuchasparallel temperingandgeneralized-ensemble
algorithms.

We demonstratethe effectivenessof this approachfor proteinsimulations,andstudythesemolecules
from astatisticalphysicspointof view. Thefreeenergy landscapeandstructuraltransitionsin smallpro-
teinsareevaluated.For somehomopolymers,asetof critical exponentsis calculatedwhichcharacterizes
transitionsin thesesystems.
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We investigateda problemof themagnetorotationalsupernova starexplosionusingspeciallydeveloped
original implicit Lagrangiannumericalschemeon triangulargrid with grid reconstruction.

Magnetorotationalmechanismis basedon the ideathat initial poloidalmagnetic£elddueto thediffer-
entialrotationof thestarproducestoroidalmagnetic£eldwhichgrows with time andtransformspartof
thegravitationalenergy of thestarto theenergy of explosion[1]. Usualvaluesof themagnetic£eldsin
starsareratherweak W XZ�dºÍ� � [6� � � � ³ X L6H `�á UðL6H `�M ( �dºÍ� � - initial magneticenergy, � � � � ³ - initial
gravitationalenergy). Thesmallnessof W thatvalueis themainproblemfor thenumericalsolution,be-
causetheproblemhas2 verydifferenttimescales:£rstis verysmallonecorrespondingto thelargesound
speedin thecentralpartsof thestar, secondtimescaleis hugeandcorrespondsto theslow evolution of
the toroidal componentof the magnetic£eld.Setof MHD equationsbecomesstiff and its stiffnessis
characterizedby theparameterW .

Applicationof thecompletelyconservative implicit Lagrangianschemeon triangulargrid with grid re-
construction[2] allows us to make large time steps(usuallyabout100-300Couranttime steps).It is
known thatoneof themaindif£cultiesfor theapplicationof theLagrangianschemesis grid distortion.
We usespeciallydevelopedprocedureof grid reconstructionprocedure,which allows us to restorethe
triangulargrid andrecalculateits parametersin conservative way. Grid reconstructionprocedureshowed
its ef£ciency for theproblemof thecollapseof therapidly rotatingcoldprotostellarproblem[3].

As resultof oursimulationswegetampli£cationof thetoroidalmagnetic£eldandtransformationof the
partof theenergy of thestarto theenergy of theexplosion.Partof thematter- óÇ~6I of themassof the
cloud( ó G6ævG6I of the£nalgravitationalenergy of thecloud)- getsradialkinetic energy which is larger
thanits potentialenergy andcanbethrown awayto thein£nity. It carriesabout30%of theinitial angular
momentumof thecloud.This effect is importantfor angularmomentumlossin theprocessesof stellar
formation,andfor themagnetorotationalmechanismof explosionsuggestedfor supernovae[4].
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Clustersof galaxiesand large scalestructuresmay containa signi£cantamountof cosmicrays and
magnetic£eldsembeddedin the hot gasdetectablein X-rays; the energy output from growing black
holesat thecentersof galaxiesin additionto supernovaeandGRBsleadsnaturallyto a scenario,where
the intergalacticmediumin analogyto the interstellarmediumis £lled with energetic particles,and
permeatedby magnetic£elds.Recenthard X-ray and extremeultra-violet observations indicatethat
cosmicrays may be energetically as importantas the hot gasin clusters;the two componentsare in
pressureequipartition[1]. Observationsof rotationalmeasureshows thattheenergy in magnetic£eldcan
alsobe a signi£cantfraction of gasenergy[2] in intraclustermedium.Herewe presenttheexploration
of large scalestructureformationthroughnumericalsimulationswhich includethe injectionof cosmic
raysfrom cosmicblackholesandtheir subsequentevolution, in orderto seea) to whatdegreestructure
formationis in¤uencedby cosmicraysejectedfromblackholesandb) whichobservableswill makegood
testsfor theeffectsof energeticparticlesaswell asmagnetic£elds.A cosmologicalhydrodynamiccode
which canfollow the evolution of dark matter, gas,magnetic£eld,andcosmicrayshasbeenused[3].
This representsthe £rst work wherethedynamicalrole of cosmicraysis studiedin the context of the
simulationsfor the large scalestructureformation.Magnetic£eldsareincludedin thesimulationstoo,
but they areexpectedto play only a minor role dynamically. Thecosmicstructures,whentheeffectsof
cosmicray pressureareaccounted,arespreadedmorewidely. The densityandtemperaturepeaksare
reduced.Thedensitypower spectrumis suppressedin thescaleof ó}L6H$Î ` B Mpc andsmaller.
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Thiscontribution is primarily concernedwith FLY, anoptimizedmuti-platformtreeN-bodycodeallow-
ing to evolve three-dimensionalself-gravitating collisionlesssystemswith a large numberof particles
( �ÐÏ L6H Ö ). FLY (FastLevel-basedN-bodY code)is a fully parallelcodebasedon theoctal-treealgo-
rithm introducedby BarnesandHut in 1986[1]. It adoptsperiodicboundaryconditionsimplemented
by meansof theEwaldsummationtechnique.FLY is basedon theone-sidecommunicationparadigmto
sharedataamongtheprocessorsthataccessremoteprivatedataavoiding any kind of synchronism.The
codewasoriginally developedon a CRAY T3E systemusingthe Shmemlibrary andit wasportedon
SGI ORIGIN systemsandon IBM SP(on the lattermakinguseof theLapi library). FLY canadvance
morethan53,000particles/secondin runsusing16,777,216particlesin clusteredconditions,on a Cray
T3Ewith 64processors.In thelatestversionof thecode,which is includedin the£rstpublicly available
release,we have also implementeda new “grouping” scheme([3]), andwe will describein detail the
tradeoff betweennumericalaccuracy andperformancegainwhich canresultfrom the adoptionof this
algorithmicadvance.FLY is anopensourcefreecodeavailableathttp://www.ct.astro.it/¤y/.

FLY hasbeenintegratedwithin AstroMD (http://www.cineca.it/astromd),a freelyavailableanalysisand
visualizationtool speci£callydesignedto dealwith thevisualizationandanalysisof astrophysicaldata.
AstroMD startedasa joint projectof our Institutions,andhasbeennow fundedundertheEC V Frame-
work Programme,involving in its developmentothereuropeanresearchinstitutions.It allows theuserto
computeinteractively relevantpointstatisticslikecorrelationfunctions,powerspectra,Minkowski func-
tionals,on user-speci£edsubsetsof data,andto computemodel-dependentquantitiesfor user-selected
groupsof points,likemagnitudesandcolours.In this talk wewill show thecapabilitiesodAstroMD ona
seriesof high-resolutioncosmologicalsimulationsof theLargeScaleStructureof theUniversewe have
recentlyperformed.Evenon medium-sizecomputationalsystemslike portablecomputerswith 128MB
RAM AstroMD allows a quick interactive analysisof largesimulations,andconversionsamongdiffer-
entpopulardataformats(HDF, TIPSY, binary)andimageformats.Finally, we will discussthepossible
futureextensionsandoptmizationsof thesesoftwarepackages.
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Relativistic hadronsand leptonsareubiquitousconstituentsin astrophysicalenvironments.Theseso-
called“cosmic-rays”(CRs),which re¤ectthe breakdown of thermodynamicbehaviors in collisionless
plasmas,particularlyat shocks,cancarry substantialportionsof the energies in violent plasma¤ows.
Their radiations,especiallyasseenfrom theelectroniccomponents,oftenarecritical diagnostictoolsfor
the associatedphenomena.Detailedcomputationof the microphysicsresponsiblefor CR acceleration
at shocksand subsequenttransportis very dif£cult, sinceit is basedon processesthat are not fully
understood.Theprocessesalsospanlengthandtimescalesrangingupwardsseveralordersof magnitude
from closeto thesmallestdissipativescales.Wehavedevelopedavarietyof numericalapproachesto this
problem.Herewe reporton a new methodandits applicationfor simulatingaccelerationandtransport
of relativistic electronsin thecontext of highly drivenastrophysicalMHD ¤ows [1], [2], [3].

Ourcomputationalmethodinvolvesasimple£nitevolumeschemefor solvingtherelevantFokker-Planck
equation(theso-called“dif fusion-convection equation”).It is designedto take advantageof thesevere
mismatchbetweenelectrontransportscalesandscalesgenerallytreatedin the global dynamics.This
treatmentis followedsimultaneouslywith aTVD MHD schemefor theunderlyingbulk plasma¤ow [4].

In this presentationwe will describeour resultsfrom the£rst fully 3D simulationsof radiogalaxyjets
andtheir environmentalinteractionsthat includeexplicit energy-dependenttransportof thenonthermal
relativistic electrons,aswell asdirect calculationsof nonthermalradio andX-ray emissionsfrom the
simulatedobjects.Thisenablesusto produce“syntheticobservations”of theobjectsusingthesametools
asobservationalastronomers,sothatwecanexploremeaningfulrelationshipsbetweeninternaldynamics
andsuchobservedpropertiesassurfacebrightness,spectraandpolarization.All previousattemptsto do
this have beenbasedonassumedconnectionsbetweendynamicsandemissions.

Thesimulationsshow clearlythatshockstructuresin radiogalaxy¤ows arevery complex, andthat this
impactsin a fundamentalway on thecharacterof particleaccelerationin the¤ows. That, in turn casts
strongdoubtson many of theconventionalinterpretationsof emissionspectralandbrightnesspatterns.
At thesametime thesemorecompletesimulationsareallowing us to de£nemoreclearly how we can
determineactualphysicalconditionsfrom observations.

This work is supportedby theNationalScienceFoundation,NASA, KOSEFandtheUniversityof Min-
nesotaSupercomputingInstitute.
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Thearrival directionsof giantair showersgeneratedin theatmosphereby primarycosmicray particles
with energiesabove ó ç À L6H B?Ñ eV may be connectedwith possibleextragalacticsources,becausethe
Larmor radiusof suchparticlesis too large.Besidesit wassuggestedthatprimaryparticleswith enor-
mousenergiesmaybeneutrons[1]. In thiscaseit is possibleto avoid theenergy lossin interactionswith
the microwave backgroundradiationandarrival directionswill stronglypoint to sources.Thusit is of
primaryimportanceto decreasepossibleerrorsin theestimatesof arrival directionsof giantair showers.
To estimatethearrival directionof a giantair shower onehasto have any modelof its space-timestruc-
ture.Thesimplestmodelof theshowertimefront is amodelof the¤atfront whenall particlesarelocated
in this front plane.It wasshown [2] thatpossibleerrorsin estimatesof thezenithandazimuthalangles
which characterizethearrival directionsmaybeaslargeas çdÒ or evenmore.The ü C methodgivesvery
largevaluesof ü C . Thatmeansthat this modelis inconsistentwith thedata.Much morerealisticmodel
of a shower time front wassuggestedby Linsley. Calculations[3] displayedthat both the shower disk
thicknessandthe averagetime delaydependon energy of primary particles.So the calculatedshower
time front for bothelectronsandmuonsmay£t thedataandthusprovide betteraccuracy. Thestandard
mathematicalprocedureto interpretdatais the ü C method.This methodleadsto reasonableestimates
of the zenithandazimuthalangles.In somecasesthe minimax proceduremay be utilized to interpret
data.It wasshown,thatthe possibleerror in estimatesof the zenithandazimuthalanglesmay be de-
creasedup to H6ævç Ò . At last thefuzzy uncertainvariablesandthepossibility theoryaresuggestedhereto
usefor interpretingthedata.Calculationswerecarriedout in termsof thequark-gluonstringmodelfor
primaryprotonsandobservationlevel of 1020� [6ÜÝÙ C . TheLandau-Pomeranchuk-Migdaleffectandin-
teractionsof neutralpionsthewith nucleiin theatmosphereathighenergiesaretakeninto account.The
Monte-Carlomethodwasusedfor primaryprotonswhile cascadesfrom numerouschargedpionswere
consideredwith thehelpof cascadeequations.Thoughexperimentalstatisticsis very low noevidenceis
foundto preferany directions.Thustheisotropicdistributionof thearrival directionsof giantair showers
with energiesabove L6H B?Ñ eV seemsto £t data.
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The observationsof the giant air showerswith energieswell in excessof L6H C
ñ eV put forward a very
dramaticpuzzleto the cosmicray astrophysics.Billions secondaryparticlesproducedin interactions
with the atomicnuclei anddecayprocessesin the atmospherearespreadto distancesof abouta few
kilometresfrom the shower axis at groundlevel. The densityof charged particlesat 600 m from the
shower axis is usedasa reliable indicatorof energy of individual vertical showers.As giant showers
areassumedto be isotropiconeneedsthe attenuationlengthof the signal in a standardscintillator at
600m from theshower axis to recalculateobservedsignalto a verticalshower. This attenuationlength
usually was estimatedindirectly by taking cuts of constantintensity in signal spectrafor showers of
differentzenithanglebins.Thereliability of suchprocedurefor thetotal numberof secondaryparticles
wasanalysed[1, 2]. As for thesignalat600m this reliability is investigatedin thispaper. Besidessome
moremethodsarealsodiscussed.The£rstoneis relatedto the longitudinaldevelopmentof signaland
thelastoneto calculationsof signalfor averticalshower with thesameenergy.

Calculationswerecarriedout in termsof thequark-gluonstring modelfor primary protonsandobser-
vation level of 1020 � [6ÜÝÙùC for showerswith variouszenithangles.TheLandau-Pomeranchuk-Migdal
effectandneutralpionsinteractionsaretakeninto accuntathighenergies.TheMonteCarlomethodwas
usedfor primary protonswhile cascadesfrom numerouschargedpionswereconsideredwith the help
of transportequations[3]. Nearly L6H�Ñ showersweresimulatedwith variousenergiesandzenithangles
usingaclusterof computers.Thensignalspectrawerecalculatedassumingthestandardenergy spectrum
of theprimaryparticles.At last takingcutsof thesignalspectraonecanobtainthedevelopmentcurve
for a signalandestimatethe attenuationlength.The longitudinaldevelopmentof a signalwascalcu-
latedto estimatetheattenuationlengthin theindividual showers.Theapplicabilityof thelastmethodis
straightforward.

As aresultthevalueof ç6G6HÏ¤5�6H � [6ÜÝÙ C wasestimatedfor theattenuationlengthby theconstantintensity
cutsmethodwhich shouldbe comparedwith ç6Y6H�¤�~6H � [6ÜÝÙ C foundexperimentally. The longitudinal
developmentgives G6ç6H�¤�L6Y � [6ÜÝÙ C while calculationsfor verticalandinclinedshowersleadto various
attenuationlengthsof G6H6HÀU Í«H6H � [6ÜÝÙùC . Thestandardmethodof theconstantintensitycutsusuallyused
maydecreaseenergy estimatesby factor ó}L6ævL U�Y .
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Crystalsof interactingmolecularmagnetssuchasFe8andMn12acetatehave beenactively investigated
duringthelastyearsbecausestrongevidenceof MagneticQuantumTunneling(MQT) hasbeenobserved
in suchsystemsatvery low temperatures[1]. Crystalsof thesematerialscanbeconsideredasensembles
of identicaldipolesof spin q.X L6H with a strongIsing anisotropy. At temperatureswell below G$�6H�Ùà¹
thesesystemsexhibit acrossover from thermallyactivatedMQT to atemperatureindependentbehaviour
wheretherelaxationof themagnetizationwasfoundto benonexponential[2]. Accordingto thepresent
theorydynamicnuclearspinandtheevolving distribution of themagneticdipole£eldsplay an impor-
tant role [3]. This is becausethe resonanceconditionconditionthatmustbemet to MQT to take place
is only satis£edif the local magnetic£eld is within somewindow w . Prokof’ev andStamphave pro-
posedthat thevalueof w is enhancedby the¤uctuatinghyper£ne£eldsgeneratedby magneticnuclei.
Experimentaldeterminationof w is thereforeimportant.

Wernsdorferetal. [4] haveperformedexperimentsthatyield thedistributionof dipolar£eldsbyassuming
theProkof’ev andStamptheory. An unexpected”hole” hasbeenobservedto developin thedistribution
in the very short time regime,andfrom its width �.Î , the valueof w hasbeeninferred.However, the
relationbetweenw andtheobservedvalue �.Î is notwell established.

This relationcanbe investigatedby meansof Monte Carlo simulations,since,in contrastwith exper-
iments,the value of w canbe varied. In our contribution we will presentnumericalsimulationsfor
systemsof Ising spinswith dipolar interactions.As in tunnelingexperimentsat very low temperature,
in our simulationsspintransitionsareallowedbetweentwo statesonly if theenergy changesby a suf£-
cientlysmallamount,lessthan w . Wehavecomputedthetimeevolutionof thedipolar£elddistributionµ c
ä�f after thesystemtemperatureis suddenlyloweredfrom theparamagneticphaseto a temperature
well below theorderingtemperature.As in tunnelingexperimentsperformedin FeM clustersnearÍ«H�Ùà¹ ,
a ”hole” developsvery rapidly in

µ c
ä�f astime goeson.Wehave studiedtherelationbetweenthis hole
width and w . We have foundthat w óZ�.Î only if

Ì Ú � �.Î , wich enablesoneto infer thevalueof w
from experiments.
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Ion implantationapparatuscanproducebeamsof suf£cientpowerdensityto raisethetemperatureof the
implantedmaterialby hundredsof degrees.The£naltemperature,whichcanbeexceedthemeltingpoint
in somecases,dependson suchfactorsasthebeampower density, the total accumulateddoseandthe
numberof wafersoverwhich thebeampassesduringoneimplantcycle.Theresultingheatingandcool-
ing curveshave beencalculatedusinga modelof Parry andKomarov which includestheeffectsof ion
beamheating,radiative cooling,conductive coolingandreirradiationfrom thesurroundings.Ion beam
powerdensitywasvariedfrom 0.05to 100W.cm̀ C . Thevaluesof targettemperaturewerecomputedfor
differentstagesof target heatingup to thepoint wherethermalequilibrium is attained.For thesystem
studied,conductive coolingin vacuumis lessreliableandgenerallylesseffective thanradiatingcooling,
unlessconductive greasecanbeused.In thecaseof pre-existing surfaceamorphouslayerwith a well-
de£nedamorphous-crystal(a-c)interface,for a givenion ¤ux (assumingpurebeamheatingonly) either
amorphizationor crystallizationmay occurdependingon the substratetemperature.Accordingly, the
a-c interfacewill move eitherto greateror towardsthesurface.Preliminarycalculationof this so-called
reversetemperature(target temperatureat which theprocessesof ion-beaminducedamorphizationand
crystallizationarebalanced)is very importantfor choosingof basicimplantationparameters.Computer
simulationof targetheatingduringion-solidinteractionsis intendedto theuseof existing ion implanta-
tion systems.Althoughsilicon is usedin theexamples,theprocedurecaneasilybegeneralisedto other
targetmaterials.
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Diffusion propertiesfor particlesin disorderedsystemshave beennotoriouslypeculiaranddif£cult to
predict.For example,in fractalstructuresit is well-known thatdiffusion is slowed down from thenor-
mally expected.Similar ideaspertainat thesocalledlow-dimensionalsystems(d¡3,suchasd=1or d=2),
or quasi1-dimensionalsystems.In the currentstudywe employ the so calledCayley treestructures.
Thesearewell known for a long time, at leastastheoreticalmodelsof structuresfor which we cannot
de£netheir dimensionalityasusual.Or we cansaythat their dimensionalityis in£nity.[1] The interest
in thesesystemsstemsfrom the fact that recentlythenew dendrimermoleculesweresynthesized,and
thesecanbedirectly modeledasCayley trees.Thesearelargemolecularsystems,which for a long time
eludeddirectsynthesis.However, sincetheir synthesisabouta decadeagothey have beenprovenquite
promisingcandidatesfor systemsfor whichonecouldcontroltheenergy transferprocessby varyingthe
size,generationorder, andbranchingratioof thesystemathand[2].

In thepresentstudywe performcomputersimulationsof thediffusionof particleson Cayley treestruc-
tures.Wemodeltheprocesswith ausualrandomwalk,andmonitorsuchpropertiesasatthemean-square
displacement,the numberof sitesvisited at leastonce,the survival probability in the presenceof ran-
domly distributed traps,etc. We comparetheseto the caseof normaldimensionalities.We vary as a
parameterthegenerationorder, g, of thestructure,andthecoordinationnumber, z, asthesearethetwo
parametersthat limit thesizeof thesystem.Therandomwalk procedurehasno dif£cultiesat all. How-
ever, therearesomeinherentdif£cultiesencounteredat thesystemboundaries.Dueto thenatureof the
structureall systemnodesareverycloseto theboundary, sayatadistanceof theorderof gsites.Thusone
encounters£nitesizeeffectsalmostimmediately. This makesit impossibleto storetheentirestructure
in thecomputermemory. For example,at g=20andz=3 we have of theorderof 10 million nodes,and
thenumbergrows extremelyfast.It is thusimpossibleto simulatelargesizeCayley treesdirectly, dueto
memorylimits. We,therefore,resortedto new algorithmsthatdonotstoretheentirestructurein memory,
but only thepartsused,or the index of thepathtracedby thediffusingparticles.Thesealgorithmswill
bedescribedin detail.

Our resultsshow that for thedistancetraversed,diffusion is ballistic, i.e. thedistanceis proportionalto
time,ratherthanthesquarerootof timeasin normaldiffusion.Thenumberof sitesvisitedis alsolinearly
proportionalto time, making this caseequivalent to the 3-dimensionalnormal lattice diffusion. The
reasonthatweobservesuchbehavior is thatbecauseof thebranching,thenumberof pathwaysawayfrom
thepointof origin is alwayslargertowardsthedirectionof theperiphery, ratherthantowardsthedirection
of the centralcore.This makes the randomwalk effectively a ”biased” walk, which, has,of course,
very differentbehavior from the normalrandomwalk. Modelsof how this canbe correctedalsoalso
discussed.Our conclusionsarethat for diffusionon Cayley treestructures(dendrimermolecules)there
is nouniversalbehavior whichcollectively resemblesdiffusionin structuresof any givendimensionality.
Implicationsto recentexperimentaldataarediscussed.
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Gold nanorodspresentvery interestingpropertiessuchas the enhancementof the ¤uorescenceby a
factor10á comparedwith thegold metal(Mohamed,2000) andbecauseof largeaspectratio appearas
promisingfor beingusedin nanomachines.Most of the studieson gold nanorodshave usednanorods
synthesizedby electrochemicalmethods.

In the presentwork, we report the growth of gold nanorodsusingthe bio-reductionmethoddescribed
by Gardea-Torresdaywith somemodi£cations.We studythestructureof thegold nanorodsobtainedby
colloidal methodsusinghigh resolutionTEM, dark-£eldimagesin theTEM, HREM imagesimulation
andelectrondiffraction.In contrastto thereportof Wang,whofoundnodefectsontheshortnanorodsand
asingletwin line in longones,in ourmethodwefoundthatthegoldnanorodsshow severalparalleltwins
andin somecasesfollow the symmetryof the pentagonaltwinnedstructure.The differencesbetween
electrochemicalandbio-reductionmethodsgive new insighton thenatureof thegoldnanorods.

Basedontheexperimentalresults,weapplymoleculardynamicsmethodsin orderto analyzethedynam-
ical behavior that arepresentin the colloidal processof coalescence.Multiple twins nanoparticlesare
studiesat differentdynamicsconditionsto getenoughinformationabouthow nanoparticlescoalescence
producenanorods.Gold con£gurationsarestudiedwith differentmodels,andtheconditionsto produce
nanorodsareconsidered.

The resultshave shown that multiple twinnednanoparticlescoalescenceinducethe formationof mul-
tiple twinnednanorods,thesequenceof obtainedmodelsareanalyzedasa continuousmovie, andalso
by calculatingthe correspondingHREM imagesfor eachmodel,which help to comparedirectly the
experimentalandtheoreticalresults.

In thiswork, wepresentthemoleculardynamicsresultsandtheir correspondingcomparisonto corrobo-
ratetheanalysisof thecoalescenceprocess.
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Simulationof granularmaterialsusingparticlescanbebasedonthetwo differentapproaches.According
to the£rst oneeachgrain is associatedwith thesinglecomputerparticle[1]. Unfortunatelytheunder-
standingof the generalform of the force andmomentinteractionsbetweenthematerialgrainsis very
incomplete,andthis fact limits harshlythe possibilitiesof suchmodeling.Anotherapproachis based
on representationof eachgrain asa clusterof computerparticles,possessingmonocrystalor random
packing[2]. The computerparticlescan be associatedwith the atomsor moleculesof the substance
(conventionalmoleculardynamics),or they canbeusedasa kind of £niteelementsfor thegrainmod-
eling.Theninteractionbetweengrainsis calculatedautomaticallyin theprocessof thesimulationusing
interatomicpotentials,whicharemuchbetterdeveloped[3].

Theparticleclustercanbe formedby puregeometricalmethods[4], but thepreferableway is forming
of thegrainsby theprocessof condensationof thevaporizedmixtureof theparticles.Thecondensation
processis performedasfollowing. Firstly a randominitial distribution of the particlecoordinatesand
velocitiesis beingset,forming initial conditionsfor thesimulation.Thenthesystemmotionis simulated
undertheactionof the interparticlepotentialsandsmall dissipative forces.The dissipationis intended
for thekineticenergy removal from thesystem.Dueto thetotalenergy decreasingtheparticlescoalesce
forminggrains.

In thepresentedwork in¤uenceof theseveral factorson thecoalescenceprocessis investigated.Firstly
it is shown that the initial density in the vaporizedstatehasstrong in¤uenceon the size and shape
distribution of the obtainedgrains.Comparisonof the resultsof 2D and 3D simulationsshows that
in the 2D casethe coalescingis muchmoreinclined to forming monocrystalstructurethenin the 3D
case,whereamorphouspackingsare likely to appearfor a wide rangeof the simulationconditions.
Oneof themainsubjectsof interestsin thecurrentinvestigationis in¤uenceof thetypeof interparticle
potentialson the grain formations,andvice versa,constructingof the interparticlepotentialsallowing
to obtainthedesiredgrain distributions.Mainly thepair potentialsareconsidered.It is shown that the
short-rangepotentials(e.g. highorderMie potentials)areproducingirregulargrainshapes,whena long
rangepotentials(e.g. low orderMie potentials)resultin sphericallysymmetricalgrains.For somelong-
rangepotentialsit is proved that the relatedsubstancecannot reachthesolid stateeven for the lowest
temperatures,beingalwaysin theliquid or gasstate.

Applicationsof thepresentedtechniqueto constructingnanocrystalmaterialsandmodelingmechanical
propertiesof the£nepowdersareconsidered.
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The conceptof antisensenucleicacidsrepresentsa perspective approachin chemotherapy, promising
to inhibit selectively unwantedgeneexpressionby creationof a helical complex with target mRNA
or DNA (carryingsensegeneticinformation) [1]. The oligonucleotideswith naturalchemicalcompo-
sition have been,however, found unsuitablefor in vivo applicationsbecauseof their insuf£cient re-
sistanceagainstnucleases.A numberof phosphonate-based mononucleotideanalogscontainingan O-
(phosphono)methylgroupinsteadof thenaturalphosphonomonoesteronewerefound to be potentan-
tivirals: this indicatesenzymestability of thephosphonate-O-P-CH2-O-bond.Thepresentwork deals
with the nonisostericphosphonateanalog(3-O-PO2-CH2-O-5)of the naturalphosphodiesterinternu-
cleosidelinkage(3-O-PO2-O-5).ThreeWatson-Crickdoublehelical structuresconsistingof a natural
deoxyadenosineanda complementary- natural,xylo/phosphodiesteric, andxylo/phosphonate- thymi-
dine 15-merwere usedas model systems.Impact of the internucleosidelinkage modi£cationon the
ability of themodi£edoligonucleotidesto hybridizewith a naturalDNA strand,wasstudiedby molec-
ular dynamicssimulations.Thenucleicacidsweresurroundedby a periodicbox of 10000TIP3Pwa-
ter molecules.Fully solvatedtrajectorieswerecomputedusingtheAMBER 5.0softwarepackage.The
implementedforce £eld doesntcontainforce constantsneededto describethe modi£edpartsof the
phosphonateanalogs[2]. The completionwasmadeon the baseof ab initio calculationson the CH3-
O-CH2-PO2-O-CH3modelsystem.By the moleculardynamicssimulationsthe optimal conformation
of modi£edinternucleotideslinkageswasdeterminedandthedeformationof relevantduplexeswasde-
scribedusingtheclassicalhelicalparameters.

In acknowledgments,thiswork wassupportedby grantsof theMinistry of Education,Youth,andSports
of theCzechRepublic(projectNo. VS 97113),of theGrantAgency of theCzechAcademyof Sciences
(projectNo. A 4055902),andof the GrantAgency of the CzechRepublic(projectNo. 203/01/1166).
The resultswerepartially obtainedby usageof computationalfacilities of Supercomputingcentresof
CharlesUniversityin PragueandMasarykUniversityin Brno.
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A sort of computationalmodelsdescribingthe fractureof distinct materialshave beendevelopedin
recentyears.For many of them,thehigh degreeof correlationsbetweenits constituentsleadsto a high
computationalcost.Ontheotherhand,modelsfor fracturein £brousmaterialsareverysimple.A bundle
of unidirectional£bersform a systemwith low degreeof correlationsallowing thesimulationof large
scalefractureprocesses.

Two basic regimescan de found: a catastrophicand a shredding[1]. In the catastrophicregime the
fracturepro£le is reasonablysmooth,while in the shreddingregime it is very rough.A parameterof
easyphysicalinterpretationusedto characterizefracturesurfacesis theroughness.Theroughnesshasa
directrelationwith thefractaldimension,whichcharacterizesthefractalcharacterof thefracturesurface.
Therefore,ahigh fractaldimensionindicatesavery roughfracturepro£le.Anotherimportantparameter
in the studyof fracture,is the fracturetoughness.This quantitymeasuresthe amountof energy that a
materialcanabsorbbeforeit breaks.Thefracturetoughnessis intimatelyrelatedto theamountof cracks
that appearin the material.Therefore,the larger the numberof cracksin the sample,the moreenergy
will beabsorbedbeforefractureoccurs.

In the presentpaper, we simulateda model for fracturein £brousmaterialswhich allows us to obtain
the fracturepro£le.We calculatethe pro£leroughnessandusedit to de£nethe transitionbetweenthe
fractureregimes.We alsoinvestigatetherelationshipbetweenthefractureroughnessandtoughnessfor
£brousmaterials.

Our modelconsistsof a bundleof � ñ parallel£bersall with the sameelasticconstant
Ì
. In order to

simulatetheheightof thesample,the£bersaredivided in C segmentswith thesamelength.The£ber
bundle is £xed at both endsto two parallel plates,which are pulled apart.Each£ber hasa rupture
probabilitywhich dependson its deformationandthenumberof unbrokenneighbouring£bers.Whena
£berbreaks,duringthepulling process,acrackmaygrowth throughthematerial[2].

We obtainedthe fracturepro£leandevaluateits roughnessandtoughness.We show that in the catas-
trophic regime the roughnessof the fracturepro£le is reasonablysmooth.In the shreddingregime, in
whichslow cracksareformedin thematerial,thefracturepro£leis very rough.In this regimetheenergy
necessaryto breakthe materialis higherthanin the catastrophicregime. Our resultsindicatethat the
roughnessis relatedto thefracturetoughness.
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Epitaxial growth hasbecomea standardmethodfor the productionof high–qualitycrystalsand£lms.
Signi£canteffort hasbeendevotedto a theoreticalunderstandingof themany morphologiesandscaling
behaviors that canbe observed, seee.g.[1]. Here,we addressthe frequentlyobserved phenomenonof
moundsin unstablegrowth whichhasattractedconsiderableinterestin thiscontext.

A solid–on–solidmodelof epitaxialgrowth is re–visited[2, 3]. In the model,singleparticlesarede-
positedon a growing surface.Arriving adatomsarelocally incorporatedor performa randomdiffusion
until they stick irreversiblyto lateralbindingpartners.A restrictionof thediffusionprocessis dueto the
presenceof anEhrlich–Schwoebel(ES)barrierwhichhindersdownwardmovesatstepedges.Incorpora-
tion andtheES–effect resultin slopedependentupwardanddownwardparticlecurrents,whichcompete
on thesurface.

In continuousmodelsof unstablegrowth, slopedependentparticlecurrentsare frequentlyintroduced
in an ad hoc fashion[1]. Here,we discussthe microscopicmechanismsyielding thesecurrentsin the
framework of solid–on–solidsystems.To our knowledge,we presentthe£rstdiscretemodelwhich al-
lows for calculatingthedistribution of terracesizesandtheresultingcurrentson a steppedsurface.The
cancellationof competingup–anddownwardcurrentsgivesriseto theselectionof astablemagicslope
which is evaluatedaswell.

Theresultsareexactfor anin£niteES–barrierandwe £nda Poissondistribution of terracesizesin this
limit. In general,anapproximationallowsfor aself–consistentnumericaltreatment.Kinetic MonteCarlo
simulationsof thegrowth processshow very goodagreementwith thetheoretical£ndings.

Our resultscomplementthoseof a BCF–like treatment[1] which neglects¤uctuatingterracesizes.Fur-
ther, thefrequency of terracesizesdifferssigni£cantlyfrom thefrequentlyassumedgeometricdistribu-
tion onvicinal surfaces.

Extendingtheresultsof [4], we includedesorptionin themodelandstudyits in¤uenceon thestatistical
propertiesof the growing surface.We observe in Kinetic Monte Carlo simulations,that an increasing
desorptionrate triggersa transitionfrom moundstructureswith slopeselectionto self–af£ne, rough
growth.
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Surfacepolaritons(SP)in nonlinearmediapossesssomenew unusualfeaturesin comparisonwith SP
in linearmedia.For example,anexcitationof SPbecomespossiblewithout usingprismsandperiodical
structures.It canoccurwhenwave train fallsdirectly upontheinterface[1].

Thepaperdealswith thetheoreticalinvestigationof surfacepolaritons(SP)in in£nitely extendedtwo-
dimensionalelectronsystem(2DES),placedattheboundary( 	�X}H ) betweenlinearandnonlinearmedia.
Weconsideredthattheregion 	�� H isoccupiedby linearuniformmediumwith dielectricconstantÓ B and
theregion 	ú� H is occupiedby thenonlinearmediumwhich dielectrictensorpossessesonly diagonal
components.We supposedthat tensordependsupontheelectric£eld � = only andit’s componentstake
theform: Ó =d= X�Ó c+c X�Ó��Áõ H � = H C , ÓmÔ>Ô�XÇÓ ñ æ We consideronly thecaseõÎ� H . A constantquantizing
magnetic£eldis directedperpendicularlyto 2DESalongaxis 	 .
For obtainingthedispersionrelationwe usedMaxwell equationswith standardboundaryconditionsat
interface.Weconsiderthattangentialcomponentsof electric£eldarecontinuousacrosstheinterface	�XH , andtangentialcomponentsof magnetic£eldarediscontinuousacrosstheinterfacedueto presenceof
currentsin 2DES.Dueto thefactthatdielectrictensorof nonlinearmediumdependsuponcomponent� =
only, thenonlineardifferentialequationfor � = componentcanbesolvedanalytically. But thedifferential
equationfor � c componentshouldbesolvednumericallyby £niteelementmethod.In ourpaperweused
the formulasfor high-frequency 2DES conductivity tensorunderthe quantumHall effect conditions
obtainedin papers[2].

It is shown, thatin thecaseof suchtypenonlinearitySP’sexist only in thecasewhen � = c
H6fÍ� �VºÍ� = XY�Ó�[ H õ H . A new additionalmodeof SP– nonlinearsurfacepolariton(NSP)appearsin theSPspectrum,
which hasno analogin linear case.The dispersioncurve of NSP exists at frequenciesof the order
of cyclotron resonance(CR) and hasa spectrumend-pointlying on the light line ý X Ì Þ � (whereÞ � X}ÜN[ ò Ó is thevelocityof light in thedielectricmedium).Noticethatatthelong-waveregion(for small
valuesof

Ì
) the NSPpossessesnormaldispersionbut at short-wave region NSPpossessesanomalous

dispersion.At thesametime a resonantinteractionbetweentheNSPandtheusualSPmodeoccursin
thevicinity of CR subharmonic.With theincreasingof Landau-level £lling factorof 2DEStheresonant
interactionpoint shifts to the longer-wave region. It’s found that the � = componentof NSP electric
£eld in the region Hù�Õ	8�Ö	 ñ increaseswith the increasingof 	 and � = cV	 ñ f�X|�dº®� = (here 	 ñ is the
depthof localization).At thesametime thevalueof � = decreaseswith theincreasingof 	 in theregion	 ñ �§	��}� . Noticethattheelectric£eld � c cV	Õf decreasesmonotonelywith theincreasingof 	 .
Notice,thatwith theincreasingof � = c
H6f alow frequency modeof usualSPshiftsto thehigher-frequency
region andNSPshifts to the lower-frequency region. When � = c
H6f�X �VºÍ� = , the dispersioncurvesof
usualSPandNSPcoincide.
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Most statisticalsimulationsof atomicandmolecularclustershave beenbasedon semiempiricalinter-
atomicpotentialssuchastheLennard-Jonesor embedded-atommodelpotentials,which have a simple
analytic parametrizationand are computationallycheap.However, recentexperimentsmeasuringthe
caloriccurvesof smallsodiumclusters[1] show an irregularvariationof clustermeltingpoint with re-
spectto clustersize,with pronouncedmaximaat the puzzlingsizesof � X ç$~ and � X L�Í«Y . This
pointsto a subtleinterplaybetweengeometriceffectsandelectronicshell effects,which is dif£cult to
incorporatein asemiempiricalpotential,andaprecisetheoreticalexplanationis sofar lacking.

In this paperwe addressthepossibilityof makinganaccurateextractionof statisticalquantitiessuchas
the ionic entropy andthe ionic speci£cheatusingan ab initio interatomicpotentialderived from den-
sity functionaltheory. Severalnovel approacheswill be discussed.First, extendingearlierwork on the
temperaturedependenceof thepolarizability[2], we usean Ô=c
�8f density-basedparametrizationof the
electronkinetic energy, andsamplethe ionic phasespaceby meansof microcanonicalmoleculardy-
namics,with aCar-Parrinello-typepropagationof theelectrondensity. Theionic entropy is extractedby
multiplehistogrammethods.Wepresentstatisticallywell-convergedcaloriccurvesfor clustersof sizeup
to � XíL�Í}~ . Second,we considera Kohn-Shamapproach,with bothab initio andsoft,phenomenolog-
ical pseudopotentials.Herethephasespaceis sampledbothby moleculardynamicalandalsoby Monte
Carlomethods,includingparalleltemperingMonteCarloto helpimprovetheergodicityof thesampling.

We £nd that thesmallerclustersprefera multi-stepmeltingprocess,proceedingvia isomerizationand
rearrangementprocesses.Thelargerclusters]6H��}� �}L�Í}~ consideredshow aone-stepmeltingprocess,
with simultaneousmeltingof all ionic shells,anda correspondingpronouncedsinglepeakin the ionic
speci£c-heatcurves.Usingthedensity-basedapproach,we £nda pronouncedmaximumin themelting
point at a sizeof �TX ç6ç , in disagreementwith theexperimentalmaximumat �TX ç$~ . Prospectsfor
improving theaccuracy of thedensityfunctional,andof extendingthecalculationsto larger sizes,will
bediscussed.
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The layeredindium bromidesinglecrystalsthathave beensynthesizedcomparatively lately, aswell as
other representatives of

g J h Ö family arebeing intensively investigatedfrom the point of view of the
uniquecombinationof theiropticalproperties.

Themostcompleteandeasy-to-interpretinformationaboutthepeculiaritiesandparametersof theelec-
tronic spectraarecontainedin thecomplex of fundamentaloptical functions.Thedeterminationof the
opticalfunctionspectrain thebroadenergy regionfor differentlight polarizationshasbeenaccomplished
on thebasisof low-temperatureexperimentalre¤ectionspectrausingtheKramers-Kronigtechnique.

In orderto get preciseinformationon band-structureparametersfor the £rst time we carriedout £rst-
principleself-consistencecalculationsusingthemethodof anonlocalnorm-conservingpseudopotentials
[1]. To obtainthe × -spacebanddispersiondiagramthe energieshave beentabulatedat 535 pointson
edgesandhighsymmetrylinesin theirreduciblepartof theBrillouin zone.Thechargedensitydistribu-
tion õÏc'Ø f wascalculatedby themethodof specialpoints[2]. In thecalculationsof densityof states�8c
�=f
andimaginarypartof thedielectricfunction Ó C thetetrahedronintegrationmethodwasused.Thedetail
explanationof thetheoreticalframework andmainapproximationsusedarepresentedin [3].

Thecomparisonof experimentalresultswith thedataof theoreticalcalculationsof energy bandstructure
of InBr enabledusto maketheidenti£cationof themainpeaksin thespectraof re¤ectivity anddielectric
function.The × -spaceidenti£cationof thesubstantialstructureshasbeenaccomplishedon thebasisof
studyof theelectrondensitydistribution õÏc'Ø f for theoccupiedandvirtual states,banddiagramandusing
group theoryanalysisaswell. The re¤ectionspectrashow a complex structureof up to 10 peaksfor
eachpolarizationdirectionin therange2-15eV. Onthewhole,thisstructureis assignedto thetransitions
from valencebandsof Br Í$¸ andIn ç6S { ç�¸ . The top valencebandis formedpredominantlyby cationç6S orbitals,andthebottomconductionbandby ç�¸�Ô In orbitals.Thus,the£rst direct exciton transition
observed at 2.33 eV for Ù5ÚiÛ takes placein the cationic sublattice.The structurethat appearsin the
spectrain theregionupto 15eV is dueto transitionsfrom thehalogenÍ«S states.At about19eV thesharp
doubletstructurewasobserved dueto themetalcore

\
-states.Theanalysisof the calculateddielectric

functionsshows that there is an in¤uenceof both van Hove singularitiesand volume effects on the
formationof the electronspectrain InBr. In general,qualitatively goodagreementwith experimentis
found,but all peakpositionsaresomewhatshiftedto lowerenergiessincethelocaldensityapproximation
underestimatesthe optical bandgaps.The inclusionof empirical lifetime andself-energy corrections
improvesthetheoretical-experimental agreement.

Theresultsobtainedallow for the£rsttime theopticalspectraof InBr to beidenti£ed,andcanserve as
abasisfor understandingthephysicalmechanismsin stronglyanisotropiccompounds.
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The electricalstateof a mediumin a given domain êÖã ×¢J is characterizedby the bulk andsurface
densityof charges(äæåÉçéè ê and ë¹åMìîí¡ãÐï�ç¥è ê , respectively) andby vectorsof electrical
tensity, electricalinductionandelectricalcurrentdensity ðGñdò"ñdóæåôçõè êôö , respectively [1]. Vectorò is introducedby the rule òø÷<ù�ú4ðüûÄý , where ù�úÇþ ÿ � ÿ �������
	�� í is the electricalconstantandý�üê ö is thevectorof polarization.For theelectricaltensitythescalarpotential� is introducedsuch
that ðø÷������ . Thepolarizationandionizationpropertiesof dielectricalmediumarediscribedby two
constitutive ralationsò ÷ �ò����tñdð��Íåîç���ê ö è ê ö and ó�÷ �ó����tñdð��®åîç�� ê ö è ê ö .
In electrostaticsit is assumedthatanexternalsourceof theelectrical£eldcompensatesthework of the
electricalcurrentin thedielectric.In accordancewith theclassicalThomson’sprinciple[1] thevariational
formulationof theelectrostaticalboundary-valueproblem(BVP) is usedtakinginto accountthecurrent
of conductivity.

In powerful electrical£eldsthenonlinearphenomenaof polarizationsaturation(  ý� "!Çý$#$%§û�& ) and
essentialionization(  ó' () ð* ,+ ù.ú ) mustbe taken into account[1]. The complementaryphysicalpa-

rameterof dielectricalmedium -/. �
alwaysexists suchthat

�ò����tñdð���� �ó����tñdð�� !0-1���2� for every

ð3Äê ö andalmostevery �4 ç . As a result,thelimiting analysisproblem(LAP) is formulatedasthe
following original variationalproblem

5 # ÷06 798 :; �<�2���2�= -1���2�?>@�Âå��ACB �ED � �Vç'�GF2�2�����:÷H� ú ���2�VñI�AÂì � F :�äJ�K>L�5û MIN�ë
�K>LOÆ÷ � ñ

where � ú is a given potentialon ì � ÷ ï�çQPÉì}í with RTSEUJR
�Vì � ��. �
. If

5 # . �
thenthe electrostatical

BVP hasno solution.Fromthephysicalpointof view thiseffect is treatedasa lossof theelectrostatical
balance,i.e.asbeginningof theelectricalpunctureof dielectric.

From the mathematicalpoint of view LAP is non-correctbecauseits solution belongsto the spaceVXW �Vç'�ZY[B �ED � �Vç\� of scalarfunctionswith boundedvariationshaving the generalizedgradientas
theboundedRadon’s measure.As aresult,LAP needsarelaxation.Weproposethepartial relaxationof
LAP which is basedon thespecialdiscontinuous£nite-elementapproximation[2].

After this approximationLAP is transformedinto the systemof non-linearalgebraicequationswhich
canbeill conditioned. Therefore,for thenumericalsolutionthedecompositionmethodof adaptiveblock
relaxationis usedbecauseit practicallydisregardstheconditionnumberof theglobalstiffnessmatrix[3].
Theappropriatenumericalresultsshow that for £ndingthemainparameter

5 # , theproposedtechnique
hasthequalitative advantageover thestandardcontinuous£nite-elementapproximations.
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Furtherimprovementof advancedNi-basedsuperalloys callsfor deeperunderstandingof thephasetran-
sitionsandbetterdescriptionof phaseequilibriaatservicetemperatures[1]. Owingto rathercomplex al-
loying of thesealloys it is extremelydif£cultto applythestandardmethodsof thermodynamicmodelling.
Advancedsuperalloys containtypically oversix alloying elements;on theotherhandthepresentassess-
mentsof thermodynamicparametersfor phasediagramcalculationsareusuallydealingwith ternaryor
evenbinarysubsystems.Anotherclassof promisingmethodsof predictionof phaseconstitutionof alloys
is basedon thecomputermodellingat theatomiclevel. Thesemethodsarevery suitableespeciallyfor
modellingof theorder–disorderphasetransitions.This is exactly thecaseof Ni-basedsuperalloys where
the superiormechanicalpropertiesat high temperaturecanbe attributed to the dispersionof coherent
precipitatesof anorderedphase(O^] ) distributedin adisorderedductilematrix (O ).

The aim of this paperis to study orderingprocessesin Ni-basedquaternarysystemsusing a Monte
Carlo simulationtechnique.This methodis well establishedandusedin many branchesof solid state
physicsincluding this particularproblem[2]. To simulatethe orderingprocessesin our systemsthe
Ising Hamiltonianwasusedto expressthecon£gurationalenergy of thesystem.Pair interactionswere
introducedby meansof phenomenologicalLennard-Jonespotentials[3]. The impactof the interaction
rangeontheresultswasstudiedby takinginto accounteitheronly thenearestandnext nearestneighbours
or alsomoredistantpair interactionsup to third coordinationsphere.The orderingprocessitself was
realisedby directatomicpairexchanges(Kawasakidynamics).Thevalueof anaveragelatticeparameter
wasreadjustedperiodicallyduringthecalculation.

The primary output of Monte Carlo simulationare time seriesof real-spacesnapshotsof the atomic
arrangementat given annealingtemperatureand chemicalcomposition.From thesedatafollows the
correlationbetweenshortrangeorderparametersandmetricparametersof ordereddomains.Themost
importantresult for practicalpurposesis the evaluationof the site preferencesof alloying elementsin
the O and O^] phases.Although qualitative agreementbetweenthe simulationoutputandexperimental
literaturedatacan be stated,the resultsindicatethat for satisfactory quantitative agreementresulting
in realisticphasediagramsthe Lennard-Jonespotentialsareto be improved or replacedby a different
typeof potential.Theempiricalmany-bodypotentialof a Finnis-Sinclairtype[4] seemsto bea suitable
candidate.

Thework hasbeensupportedby theGrantAgency of CzechRepublicastheprojectNo. 202/01/0383.
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Theatomicstructureof disorderedmaterialsis notyet well understood,mostlybecauseof dif£cultiesto
link observationsin reciprocalspaceto unambiguousfeaturein realspace.This situationis evenmore
striking in thecaseof covalentAX í disorderedmaterials,whicharecharacterizedby intermediaterange
order(IRO), asrevealedby severaldiffractionexperiments[1]. Theestablishementof IRO (thelevel of
structuralorganizationbeyond nearest-neighbors)is accompaniedby the appearanceof the £rst sharp
diffraction peak(FSDP)in the total structurefactorat valuesof the momentumtransfertypically half
that of the main peak.Recentlythe GeSeí material,both in the amorphousand in the liquid phase,
hasbeenwidely studiedandcharacterizedby classicaland£rstprinciplemoleculardynamics(FPMD)
simulations.In particular, it appearsclearthat thebetterperformancesof FPMD arecrucial to describe
correctlytheatomicbonding.Moreover, it hasbeenrecentlyshown, in thecaseof liquid GeSeí , thatthe
role of theionicity andthepresenceof homopolarbonds,not well describedby classicalpotentials,are
essentialto reproducethemainfeaturesin thepartialstructurefactors[2].

In this framework, FPMD simulationsof SiSeí canplay a key role in the understandingof this class
of materials.SiSeí hasa very peculiarcrystallinestructure,in which all SiSea tetrahedrasharetwo
Seatoms,i.e. areedge-sharedconnected,leadingto amolecularnetwork with macroscopicextensionin
onedimension.Thequestionarisesasto whichextentthispeculiarstructurewill persistin thedisordered
phaseandwhich informationcanbegainedon thecorrelationbetweentheconnectivity of thetetrahedra
andtheappearanceof theFSDP. In this respectit shouldbestressedthatclassicalmoleculardynamics
modelsarenot compatiblewith theexistenceof homopolarbonds,whichmightalterthechemicalorder
within thenetwork.

FPMD simulationsof the glassySiSeí systemareperformedin the framework of Car-Parrinello tech-
niquein whichelectronicstructureis describedwithin densityfunctionaltheoryandevolvesself-consist-
entlyduringtheionicmotion[4]. A GGA for theexchangeandcorrelationenergy isadopted.Simulations
arecarriedoutat constantvolumeandconstanttemperature.

Two disorderedstructuresareproduced:the£rstonefrom acompletelyrandominitial con£gurationand
the secondonefrom an initially orderedarrangementwith edge-sharedtetrahedraonly. We provide a
full pictureof theatomiccon£gurationfor theliquid andfor theamorphousstructurein termsof partial
structurefactors,paircorrelationfunctions,bondangledistributionsandaring statistics.Thisrevealsthat
theregulartetrahedralnetwork is disruptedby homopolarbonds.Moreover, bothcornersharingandedge
sharingconnectionsarepresent,in markedcontrastwith thecrystallinearrangementconsistingof edge-
sharingconnectionsonly. Analogiesanddifferenceswith otherdisorderednetwork-forming materials
(SiOí , GeSeí ) will alsobediscussed.
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Nanoscalematerialsplay moreandmoreimportantrole in themodernelectronicsandoptoelectronics.
New propertiesof multilayersandquantumdots,including effectsof quantumcon£nementand local
electromagnetic£eld enhancementhave beenobserved andalreadyutilized; the recentfascinatingex-
ampleis presentedin [1]. The propertiesof multilayersandquantumdotscanbe variedin a speci£ed
way by variationof geometricalparametersandadjacentmaterials.Recentlythefabricationandoptical
propertiesof evenmorecomplicatedmultilayeredstructurehasbeenreported[2], in which oneof two
alteringlayersrepresentsananoparticlearray. Althoughlinearopticalpropertiesof bothmultilayersand
quantumdotscanbe obtainedseparatelyin the framesof alreadyclassicalproblems,thereis no ade-
quatedescriptionfor thewholesystem.Theproblemof nonlinearopticalpropertiesof multilayersand
nanoparticlesis morerecent[3] andnotgeneralizedyet evenfor separatesystems.

In thispaper, wepresenttheresultsof self-consistentcalculationof linearopticalproperties(re¤ectivity,
transmittanceandabsorbance)andnonlinearopticalproperties(secondharmonicgenerationintensity)
of multilayers,in which oneof two periodiclayersis a semiconductor, andthesecondoneconsistsof
metalnanoparticlesembeddedin asemiconductormatrix.

Optical propertiesof nanoparticlesaredescribedby Mie theory. The dielectric function of individual
particle is describedby Drudemodel.Logarithmic distribution of particle size is taken into account.
Matrix approximationis usedfor treatingboth linear andnonlinearoptical propertiesof multilayers.
Comparisonof our exact solutionapproachwith the effective mediaapproximationappliedeither for
nanoparticleslayeror to thewholestructureis presented.

Theprogramis written in C++. Theprogramallows, usingselectedpanelsto displaythedependences
of opticalpropertiesasfunctionsof thewavelength,thenumberandthethicknessof thelayers.With the
useof theprogramon-linealterationof theangleof incidence,andthesizeof theparticleis possible.
Theprogramallows usalsoto £t experimentaldata.Theprogramis user-friendly andcompatiblewith
LabView environment.

Theresultsof calculationof linearopticalpropertiesarecheckedfor theCu/CuOí multilayeredstructure
[3] with thethicknessof thelayersvariedin therangeof 0.8- 2 nm and11-20nm for CuOí andcopper
compositerespectively andthesizeof particlesin coppercompositelayervariedin the rangeof 10-30
nm. It is shown, thatour exact solutionapproachgivesmuchcloserapproximationto experimentalre-
sultsthaneffective mediacalculations.New spectralfeaturesandenhancementof theSHGintensityin
suchstructuresarepredicted.Optimal layer/particlecon£gurationfor thebestdisplayof thesefeatures
is suggested.We show that the modelandthe programcould be very powerful, particularlywhile ap-
plying simultaneouslywith experimentalstudiesof linearandnonlinearopticalpropertiesof granulated
multilayerednanostructures.
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A computerexperimentto analyzethe behavior of a light ion inside the lattice of a heavier element
hasbeendesignedandperformed.We de£nethe short life energy ¤uctuationof an ion or atom, here
afterSLEF, to bethetime interval duringwhich theenergy of theion hasa valuehigherthana speci£c
thresholdfor acertainnumberof consecutive interactions[1].

First a onedimensionalsystemwasconsidered.A statisticalcollectionwasgeneratedby computerand
thehostlatticeionshada Maxwell velocity distribution. Thelight ion startedit’s hypotheticalevolution
throughthe latticehaving an initial energy equalwith the thermalenergy. A randomnumbergenerator
wasusedto selectfrom the collectionthehostlattice ion for thenext collision. An elasticcollision in
onedimensionwasconsideredandthehostlattice ion energy andvelocity aftercollision wasrecorded
backandkept asinitial valuesfor the next collision. Both the energy andthe velocity of the light ion
wererecordedaftereachinteraction.Eachtarget ion hasbeencollidedtwentytimesasanaverage.This
numberwasselectedbecausefor alowernumberof collisionsthehostlatticeionsdistributionwasfound
to bedistortedfrom theMaxwell shape.

After thehypotheticalexperimentwascompleted,therecordedvaluesof theenergy of thelight ion were
analyzedandtheSLEFswereidenti£ed.We found from this experimentthat theenergy distribution of
thelight ion is shiftedtowardshigherenergiesthatthethermalenergy, thehigherthemassnumberis the
biggeris theshift. Anotherinterestingresult is thatSLEFswerefound in a surprisinglylarge amount,
meaningthatduringa considerablepartof theexperimenttime theenergy is a few timeshigherthatthe
thermalenergy [2], [3].

The modelwasextendedto a two - dimensionalsystem,using the samealgorithm.Elasticcollisions
in two dimensionswereconsideredthis time. SLEFswereidenti£edafter theexperimentanalyzingthe
recordedvaluesof thelight ion energy aftereachinteraction.Differentwaysof modelingthemotionof
eachhostion latticewereinvestigatedandwork is still in progress.

Certaindifferenceswere found betweenthe one and the two - dimensionalmodels.The differences
betweenthe predictedenergy distribution shift areanalyzed.Resultsarediscussedin connectionwith
theexperimentaldataon certainlatticeslike PalladiumandTitaniumthatcanabsorbHydrogenisotope
ionsin anunusuallylargeamount.
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A law for themechanicalforcebetweentwo currentelements,experimentallydeducedin 1820by Am-
pereandrecentlydemonstratedby RambaudusingtheMaxwell-Lorentz-Einsteinelectromagneticlaws
[1], statesthatanelectriccurrent¤owing throughastraightconductorshouldplaceit in tension.For two
randomlyorientedcurrentelementstheresultis thesameastheforcecomputedby theBiot-Savart law,
while for two currentswhichareplacedon thesameaxisasthecurrent¤ows, theAmpereforcespredict
repulsive forcewhile Biot-Savart formulapredictsanull force[2].

A nondimensionalquantity, namedreducedforcewasderivedandusedfor computations;thereal force
wasthencalculatedby multiplying it with the total current.The total currentwasdivided in £niteele-
mentsandtheinteractionforcebetweentwo partsof theconductorwascalculated.A directanalysisof
themethodwasdoneto validatetheresults.

Thedistribution of theAmpereforcesin theconductorsection,for differentsectionswascalculatedand
datais plottedin 3D. Thenthe interactionforcebetweentwo partsof theconductorwascomputedand
the calculatedvalueswerecomparedwith the experimentaldataon wire fracturingasa result of the
Ampereforcesproducedby electriccurrentsin therangeof hundredsof KiloAmpers[3].

A speculationon the possibility of Ampereforcesactingasan ion accelerationmechanismto explain
anisotropy of theneutronemissionfrom a frozenDeuterium£berexplosionis presentedasaconclusion
[4].
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Propertiesof electron-vibrationinteractionin luminescencecentersin solid statearedisplayingin theh �GiI� spectraldistribution andI(t) intensity ��jk��l�� yield) of luminescenceandtheir temperaturedepen-
dencies.Tungstatecrystalshaveattractedamuchattentionin thelastyearscorrespondinglyto theirwide
applicationasscintillators.Rare-earth(RE) ions arewidely usedfor dopingvarioustungstatecrystals
becausethey cancausesomedesirablechangesof thephysicalpropertiesof thesecrystals.At thesame
time,RE ionscanbea luminescentprobefor investigationof acrystalmatrix. [1].

Absorption,excitationandluminescencespectraof m�>JBon a crystalsdopedwith ò�p ö=q ions(CWO-Dy)
containonthebackgroundof nonstructuralmatrixemissionthenarrow spectrallinescausedby theinner
transitionsin r)s?t shall of ò�p�u
q ions. In orderto identify spectrallineswe have carriedout computer
simulationof averagevaluesof energy matrix for ò�p ö=q ions in CWO crystalusingparameterisation
procedurefor impurity ions in crystals.Obtained v'wx��y{z ñ|y{z}� parameterswere usedfor solution of a
direct spectroscopy task- calculationof the energiesof all actualin the absorptionandluminescence
levelsof impurity ion andstudyof probabilitiesof radiationtransitionsusingJudd-Ofelt’s theory. [2].

In orderto describeobserved anomalousbehavior of I(T) dependenceof ò�pAö=q luminescenceintensity
on temperatureat 477 nm excitation, we have £rstly describedluminescenceintensityby solutionof
two kinetic ratesdescribingpopulationsof the v � lowest excited sublevel and v í effective level the
centerof Stark multiplet. Then we have expandedthis solution by interactionof electronabsorption
transitionwith a photonanda phonontakinginto accountrespective temperaturedistribution aswell as
backgroundemissionof defectmatrix.Thereforewehaveobtainthefollow expressionfor theanomalous
luminescenceintensity:

hG~ ��l��Z÷ hG~ � � � � û m� ûQ��UL�x� 	���� ` Nw�� û V UL��� 	��2�w�� UL��� �E���E�w�� � �
where �Eð � í ÷ ����������	k� ÷Öð í ��ð � ; A, B, C areparameters.Thenusingvariationmethodwe have
obtainedthe valueof parametersgiving the bestapproximationof experimentalresults.Thereare90,�������T�

and480 for A, B, andC respectively. The activation energy ð��S÷�u�� ��������	k� andenergy of
additionalphotontakingpartin thiscasein two-photonexcitationof luminescenceiL�E�Ì÷ ��������� 	�� . The
calculatedvalueof iL�E� is closedto frequency of CWOlattice’sphonon.Therefore,computermodelingof
anomalousI(T) behavior allow usto establishtwo photonexcitationof this luminescenceandinteraction
of innerelectrontransitionin impurity ionswith hostlattice’s phononin ò�p ö=q dopedCWO crystals.
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Theway electronsarecorrelatedin a three-bodysystemsuchas �A� #E# or thevalenceelectronsof � ë
canbeinferredfrom theprobabilitydistribution impliedby theirwavefunction.[1] Thismethodprovided
a vivid and preciseway to depict the correlationof two electrons.For the systemof more particles,
we have yet to £nda comparablypowerful approachbecausetoo muchinformationis containedin the
wave functionandwedonot know how to extractwhatis relevantin amanneradaptableto pictures.An
exceptionemerges,obviously, for thehigh-densitylimit of theFermi¤uidwhereacollective description
of electronsis likely to beoptimal.

Working toward extracting insights from the probability density   � í and making useof the quasi-
classicaldescriptionfor the (valence)electrongas,[2, 3] we develop herean analyticalansatzwhich
allows us to £nd andvisualizethe effective electrostaticpotentialandCoulombcorrelationsin multi-
centerproblems.We focuson their interpretive aspectsandspeci£callyon extractinginsightsregarding
thegeometriceffectsof Coulombcorrelationsfor any givenspatialdispositionof ionic cores.Also, we
explorethecaseof aforeignmetalatomdopingaotherwise-homogeneous clusterof metallicatoms.This
approachprovidesuswith a directvisualizationof theway both thescreeningeffect andtheCoulomb
correlationschangewith changesof the locationof the impurity. This analysisis importantin thecon-
text of recentobservationsof the role playedby compositionandgeometryin changingthe physical
propertiesof metallicclusters.[4]
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Wide-bandgapsemiconductorshave suitablepropertiesfor applicationsin high temperatureandhigh
power electronics.Amongthem,SiliconCarbidehasreceivedparticularattention[1].

A very peculiarfeatureof SiC is the existenceof many polytypes[2], with small energy differences
betweenthem.The relative stability of SiC polytypesin the bulk form hasbeenextensively studied
theoreticallyandexperimentally. On thecontrary, theeffect of thepresenceof a surfaceon thestacking
propertiesof thematerialhasbeenscarcelyinvestigated.

We presentthe resultsof ab-initio calculationsfor differentSiC(0001)-¡ u���¡ u surfaces:this typeof
reconstructionis well known for SiC(0001)[3], despiteits microscopicnatureis still controversial[4].
Severalgeometriesareselected,in orderto get insight into thestackingpropertiesof SiC at thesurface
termination.Moreover, westudythemodi£cationsof thepolytypeenergeticsin theproximityof asurface
mayaffect thegrowth of Silicon Carbide.

Recently, Starke andcoworkershave observed by ScanningTunnelingMicroscopy (STM) thata cubic
stackingsequenceis favorableto occurat the surfaceof 4H-SiC(0001)[3]. We investigatethe micro-
scopicdetailsof thiseffect by performingtotalenergy andelectronicstructurecalculationsfor both3C-
SiC(0001)and4H-SiC(0001),varyingthestackingof theoutermostlayerfrom cubic(3C) to hexagonal
(2H). Wehavestudiedalsootherstructureto take into accountdifferentpossiblesubsurfaceterminations
of the4H substrate.

We£ndthattheenergy differencesbetweendifferentstackingsequencesareenahncedatthesurfacewith
respectto thebulk: thezincblende-typeterminationis favorableby about100meV/pair, independently
of the polytypeof the underlyingsubstrate.Note that the energy differencesbetweenbulk polytypes
areof theorderof few tensof meV/pair. In thermodynamicequilibrium,themostfavorabledeposition
conditionis a 3C overlayeron top of 3C-SiC.Instead,if a 4H-SiCsubstrateis employed,which in the
bulk phaseis morestablethan3C-SiC,the formationof a surfacefavors a stackingtransformationand
possiblestackingmismatchboundaries,in agreementwith therecentexperimental£ndings.

In summary, our resultssuggestthat it is possibleto stabilizethecubicpolytypevia a controlledlayer-
by-layerdeposition.

References
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Understandingthemicrostructureof aqueouselectrolytesolutionsis a fundamentalproblemof physical
chemistry. However, thedirectexperimentaldeterminationof solutionmicroscopiccharacteristicsis dif-
£cult in general.On theotherhand,thecomputersimulations,which arewidely usedto obtainvarious
type of informationaboutionic solution,areasgoodasthe interactionpotentialsdescribingthe inter-
actionsbetweenwatermoleculesandions.Differention–waterinteractionmodelsshow a wide spread
of potentialparameters.For instance,for Li q cation,describedby Lennard-Jones(LJ) typeof potential,
thedifferenciesin existing parametervaluesleadto a changeof the ion coordinationnumberfrom 4 to
6 (see[1]). �«ª,¬yk¬ 5 ¬�® moleculardynamics(MD) simulations,in which the forcesaredeterminedfrom
quantumchemicalcalculations,arecomputationallyvery expensive andhave the limited statistics(the
typical simulationtimesdoesnot exceedthetensof picoseconds).This doesnot allow to evaluatewith
high accuracy many propertiesof thesolutions,for instance,theself-diffusion coef£cientsof the ions.
A possiblealternative, studiedin theprersentwork, is to usethe ¯�ª{¬yk¬ 5 ¬�® MD for derivation of more
reliableeffective potentialsfor classicalcomputersimulations.

In thisstudyweemploy theLi q -waterpotentialcalculatedpreviously in [2] onthebasisof ¯�ª^¬yk¬ 5 ¬�® MD
simulationdata.Thenon-electrostaticpartof theLi q potentialhasasimpleexponentialform:

W�°|±@± ��²I�:÷� � �G�^³^�G� V ²I� . In thepresentwork this potentialis testedin classicalMD simulationsof LiCl aqueous
solutionin awidetemperaturerange(from � 30to 120ú C).Thesimulationsarecarriedout in acanonical
NVT ensemblein a cubic periodic cell, £lled with 323 water molecules,10 lithium cations,and 10
chlorineanions,correspondingto 1.7 molal LiCl aqueoussolution.The temperaturewaskept constant
by usingthestandardBerendsenmethod.Theequationsof motionweresolvedusingthestandardVerlet
leap-frogalgorithmwith atimestepof 0.5fs.Eachsimulationconsistedof 100psof theequilibrationand
500psof thedatacollection.Two watermodelswereusedfor simulations:three-siteSPCEand£ve-site
ST2.TheCl

	
-waterexponentialpotentialparametersweretaken from [3], andthe ion-ion interactions

weredeterminedby applyingtheusualsumrules.

Thestructuralpropertiesof LiCl ion solution,calculatedin thepresentsimulations,arecomparedwith
thepreviousresultsobtainedfor potentialof LJ typeandwith theexperimentaldataonNMR-relaxation
[4]. Also, thetemperaturedependenceof thelithium ion self-diffusioncoef£cientsis comparedwith the
experimentalresultsmeasuredby meansof NMR spin-echoexperiments.
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The objective of the presentedwork is to carry out few nucleoncalculationswithout the traditionally
employed angularmomentumdecomposition.It is well known that nuclearscatteringat intermediate
energiesof a few hundredMeV requiresquitea few angularmomentumstatesin orderto achieve con-
vergenceof e.g.scatteringobservables.Presentlyemployed computationalmethodsfor threenucleon
(3N) scatteringat higherenergiesusingconventionalpartialwave expansionshave intrinsic limitations,
sincewith increasingenergy thenumberof channelquantumnumbersstronglyproliferates,leadingto
increasingnumericaldif£cultieswith respectto accuracy aswell asstoragerequirements.
This is especiallythecase,whenonewantsto considergenuinethree-nucleonforce(3NF) effects.The
computationaldif£culty, whichlimits atpresentcalculationsbasedonpartialwavedecomposition,stems
from the fact, thata 3N calculationis carriedout in Jacobivariables,whereasa typical form of a 3NF
hastheform of two consecutive meson-exchangepropagatorsbetweene.g.particles1 and2, thenparti-
cles2 and3. The3NF hasto beexpressedasfunctionof theJacobimomentaandthenbedecomposed
into partialwave form. Althoughthis is possible[1], oneobtainssuchanenormousamountof coupling
coef£cientsthat their numberis at the limit of storageandmemorycapabilitiesof the largestcomputer
architectures.
This is theverypointwhy it is absolutelycrucialto abandonthemethodof angularmomentumdecompo-
sitionanddevelopanew approachbasedonvectormomentaonly. In aformulationwithoutpartialwaves
thecoordinatetransformationinherentin includinga3NFaswell astheapplicationof permutationoper-
atorsis ‘only’ anevaluationof thefunctionsatshiftedarguments.Of course,the3NFdependsonvector
variables,thatis magnitudesandangles,whicharein partintegrationvariables,andtheincorporationin
the3N equationsrequiresmultidimensionalinterpolations.TheFaddeev equationfor 3 identicalparticles
includinga3NF,

W a , is givenby   �µ:÷0¶ ú«· 5 ýÄûQ� � û 5 ¶ ú
� W a � � ûÄý���¸1  �µ . Here ¶ 	��ú ÷Çð¹� �
N
º � öa º¼» í

is the3N propagator, p andq theJacobimomenta,and ð thegroundstateenergy to bedetermined.The
operator

5
representstheoff-shell two-bodyt-matrix,whereasP describescyclic permutationsfor

5
act-

ing betweenparticles2 and3. As two-bodyforcewe concentrateon a superpositionof anattractive and
repulsive Yukawa interaction,representingtypical featuresof theNN force.
ThediscretizedFaddeev equation(neglectingspinandisospindegreesof freedom)is an integral equa-
tion in 3 variableson typical grids of 90*100*42 (momentummagnitudesp,q, andanglebetweenthe
two vectors).Theeigenvalueequationis solvediteratively by Lanczo’s typetechniques,herethemethod
of iteratedorthogonaleigenvectors.Theboundstateequationwassuccessfullysolved using2N forces
alone[2], andits numericalfeasibility andaccuracy established.Herewe presentresultsincluding the
scalar3NF andstudyits effectson theenergy eigenvalueandthe3N wave function,aswell asaccuracy
of ournumericalimplementation.
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Glassycrystalshavebeenobjectsof extensivestudiesfor many years.Amongthem,ethanol,cyanoadaman-
tane(CNadm)andits mixedcrystals(socalledcyanoadamantanefamily) have beenmodelsystems.In
caseof CNadm,glassyphaseis obtainedwhenthe rotationallydisordered(plastic)cubic phaseis su-
percooledafter deepquenching.At high temperature,the orientationaldisorderof molecules,which
occupy latticesitesof fcc structure(Fm3mspacegroupsymmetry),is formedby dynamical,randomdis-
tribution of molecularlong axesamongsix orientationscorrespondingto six crystallographicdirections
(along[ ½ 100], [ ½ 010], [ ½ 001]. Below 180K CNadmtransformsinto anorientationalglassphase[1].
This transformationanda processof orderingof the supercooled,metastablephasehave alreadybeen
describedbothby experimentalstudy[2]andphenomenologicaltheory[3]aswell. A decreaseof con£g-
urationalentropy on approachingtheglasstransitionasseenin experimentcorrespondsto thedevelop-
mentof an antiferroelectricshortrangeorder[2] andfrustratedtetragonallocal orderings(domains)as
explainedby Luty etal.[3]

Differenttimescalesof dynamicsandhighactivationbarriersfor molecular¤ipsin plasticphaseleadto
problemsof insuf£cientsamplingof thecon£gurationalspacein computersimulationsof suchsystems.
Probabilityof ¤ips is very low andthat causessimulationsto be quasi-ergodic. Quasi-ergodicity (also
called broken ergodicity) may yield resultswhich are completelywrong. To decreasenon-ergodicity
of computersimulations,a preferentialsamplinginsteadof conventionalMetropolisalgorithmcanbe
used[4]or an appropriatemodelof a systemcanbe created.In caseof moresophisticatedalgorithms
(preferentialand/ornon-Boltzmannsampling)we needto take into accounta usuallyconsiderablepro-
longationof awaiting results.If we wantto use”f ast” standardMetropolismethodfor suchsystems,we
shouldconstructasimple,but accuratemodel,in whichall relevantfeaturesof asystemarepreserved.

In thispaperwewantto presentresultsof implementationof asix-statespinmodelof cyanoadamantane
crystal in Monte Carlo calculations.Our work offers a new approachto dealwith problemsof broken
ergodicity in simulationsof CNadmandsimilar systems.Thisapproachhasallowednotonly to observe
phasetransitionandmetastablestatesbut alsoto signi£cantlyimprove ergodicity of computersimula-
tionsof this system.
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The discovery of fullerenehasawakenedan increasinginterestin carbonbasednanostructures.Since
thenan incredibleamountof new forms of solid carbonhave beensynthesizedeitherwith graphitic-
like or mixeddiamond-graphiticbonding.Lately muchattentionis alsobeengivenagainto theprocess
of diamondgraphitizationwhich is known since1920but which is still not understood[1]. Besidethe
fundamentalinterest,understandingthestructureandtransformationof carbonunderdifferentconditions
is technologicallyrelevantfor coatings,growth andmachiningof diamondandnew superhardmaterials.
It is noteworthy how many openquestionsexist andhow many unexpectedresultshave recentlycome
out for this elementalmaterial.It is thereforeimportantto developpredictive schemesto treatdiamond,
graphiteandmixed bondingwith approachesable to dealwith large structureswhich arebeyond the
possibilityof abinitio calculations.

Our approachis basedon the useof a stateof the art phenomenologicalpotentialdueto Brenner[2].
which is accurateenoughto describeboth typesof bondingandsimpleenoughto dealwith very large
samples.This classicalpotentialmakesthebondenergy dependenton thelocal environmentvia amany
bodytermwhichdependson bondlength,angleandcoordination.

Wehavedemonstrated,by extendedgrand-canonicalMonteCarlosimulations[3], theveryhighaccuracy
of theempiricalmany-bodyBrennerpotentialfor carbonstructuresby adetailedcomparisonof its struc-
turalpredictionswith thoseof ab-initio studiesfor known reconstructionof thediamond(100)and(111)
surfaces.In additionto the minimal energy unbuckledundimerizedPandey � � � � � (¾ -bonded)chain
reconstructionwe£ndthreenew meta-stablestates,verynearin energy, with surfaceatomsin three-fold
graphite-like bonding.Theabsenceof consensuson thestructuraldetailsandelectronicstructureof the
clean(111)surfacemight be relatedto thesesurfacestructures,which arepeculiarof carbonandhave
never beenconsideredsofar.

Furthermore,we suggestanew parametrisationto extendtheBrennerpotentialbeyondits cut-off radius
of 2 ªA. Thisextensionallows usto reproducethelong-rangeinterplanarinteractionsin graphite.Prelim-
inary resultsonthediamondsurfacegraphitisationobtainedby useof theextendedBrennerpotentialare
presented.
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Processesoccurringwhenintensefemtosecondlaserpulsesarefocusedinto thebulk of dielectricmateri-
alsareinvestigated.Experimentallyit wasfound[1] thatfor femtosecondlaserirradiationno indication
of plasmaformationor catastrophicself-focusingcouldbeseenin thebulk. We comparetheresultsof
numericalmodelingwith experiments.Possiblereasonsfor theabsenceof laser-inducedbreakdown in
bulk mediaobserved in [1] arediscussed.The necessityof solving the self-consistentproblemfor the
evolution of boththepulse£eldandthematerialparametersis noted.Theonly changeof therefraction
index dueto normal(Kerr)dispersionleadsto beamself-focusingin themedium.However, asthebeam
intensityincreases,someprocesses, suchasan avalanche, multiphotonabsorption,or tunneling,may
leadto ionization[2] , andasresult,plasmainduceddefocusingneedsto beincluded.

As known, femtosecondpulsepropagationis describedby (2+1)-DnonlinearSchrodingerequation.We
analyzeit numericallytaking into accounta groupvelocity dispersion,diffraction,andthepolarization
changedueto non-linearrefractive index change,multiphotonabsorptionandelectronplasmaformation.
As is shown in [2], for femtosecondpulsesnamelythemultiphotonabsorptionis dominantmechanism
of ionization.To realizethenumericalexperiment,thefollowing stepswereperformed.For theequation
solvingweusesplit-stepmethodon u'�Äò grid ��²mñL¿4ñ 5 � [3]. Lineardiffractionis calculatedaccordingto
a Crank-Nickolsonscheme.The computercodewasworked out in Fortran.The reliability of the code
wastestedwhenthe numberof stepsin eachdirectionwasdoubledandthe phasedifferencebetween
two adjacentpointson the u'�Äò grid wascontrolled.

Undernon-stationaryconditionsthe pulseexhibits asymmetricalsplitting. Its characteris analyzedin
dependenceon thesamplethickness,on thegroupvelocitydispersion,on therelationbetweentheinput
beampowerandtheself-focusingthreshold.If theinputbeampower is slightly morethanthethreshold,
thespace-timefocusingactsto pushthepeakintensitytowardstherearof thepulse.At higherpower the
pulsesbecomewell separatedin timeandareconsiderablyshorterthantheinitial pulse.At thesametime,
the front pulsebecomeshigherin amplitudethanthe rearpulse.As thepower is increasedfurther, the
split pulsesbecomeshorterin time.With increasingthepulseduration,thebeamself-focusingbecomes
stationary. Resultsarein agreementwith [4]. It is substantiatedto addtheequationfor carriergeneration
[2] for solvingself-consistedtaskto estimatethecontribution of theplasmaformationin therefraction
index.

References

1. D. vonderLindeandH. Schuler, J.Opt.Soc.Am. B, 13, 216(1996).
2. B.Rethfeld,A.Kaiser, M.Vicanek,andG.Simon.High-power laserablation, SPIEV. 4065, 356(2000)
3. O. G. Kosareva,V. P. Kandidov, A. Brodeur, et al. Opt.Lett. 22, N.17,1322(1977).
4. J.K. Ranka,R. W. SchrimmerandA. Gaeta..Phys.Rev.Lett. 77, N.18,3783(1996).

A25



ab initio Density functional study of GaAsclusters

T. B. Booand Y. P. Feng
Departmentof Physics,NationalUniversity of Singapore, Singapore 119260

Tel: (65)8742960,Fax: (65)7776126,phyfyp@nus.edu.sg

Clustersformedby multi-elementsare interestingbecauseof their compositiondependentproperties.
Suchcompositiondependenceallows controlof materialpropertiesby varyingtheclustercomposition,
in additionto theclustersize.It is thereforeimportantto studythecompositiondependenceof properties
of compositeclusters.

Wehave used£rstprincipleelectronicstructurecalculationto studycompositiondependenceof proper-
tiesof GaAsclusters[1]. Ground-statestructuresof theseclustersareexploredusingtheabinitio density
functionaltheorywith thegeneralizedgradientapproximation.Structural,chemicalandelectronicprop-
ertiesof theclustersandtheirdependenceon thecompositionof theclustersareinvestigated.

We have determinedthe structuresand calculatedpropertiesof the Gaº Ast clustersfor y û � ÷� ñdÿ$ñ ��� ñ ��� and
� r . It is foundthaton substitutionalGadoping,theGaAsclustersbecomelesscohesive,

lessstablein electronicstructure,andhighly susceptibleto externalelectric£eld.Dueto theelemental
electronegativity, As-rich clustersfavor strongandshortAs-As bonds;Ga-richclustersfavor weakand
longGa-Gabonds;andstoichiometricclustersfavor evenstrongerandshorterGa-Asbonds.All clusters
areelectronegative in nature.It is energetically feasibleto form anionicclusters.Bondingof stoichio-
metric clustersarefoundhighly ionic. Red-shiftis observed in theab initio photoabsorptionspectrum
on substitutionalGadopingandis moreprominentfor thestoichiometricor As-richclusters.

Chargeis transferredfromGaatomstoAsatomsandtheamountof chargetransferredisdistinctlypeaked
atthestoichiometricratio.Thebondingionicity canbecharacterizedby theatomicchargepromotedfrom
theGa r)À -orbitalsto theAs r�³ -orbitals.This chargepromotionbecomesmoresigni£cantasthecluster
becomeslarger. Thesegeneraltrendsarefollowedby all clustersbeingstudiedwith smallvariations.
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The paperpresentsan experimentalandcomputersstudyof a large usedmaterialin industrial appli-
cations,namelytheterpolymeracrylonitrile-butadiene-styrene (ABS). Thepurposeof this studywasto
estimatethelifetime of thismaterial,by meansof thethermo-gravimetricalanalysis(TGA). Thismethod
establishesthe kinetic parametersof the materialdecay, giving informationon the thermalstability of
thematerial.[1].

This informationis veryusefulespeciallyfor thelongtermandlargescaleusedproductsin thetechnical
£eld(nuclearplants,undergroundpipelines,¤oorsetc).ThecomputerprogramTGA Kin.V-4.0Du Pont
Instrumentsprocessedtheexperimentaldataobtainedwith theTHERMAL ANALYSIS 2100Du Pont.
Thepaperpresents£rsttheexperimentalmethodandconditionsfor gettingthelifetime of theABS [2].

Theexperimentalsetuptakesadvantageof aninterfacefor computerdataprocessingandcomputercon-
trol. A seriesof graphsfor thethermalstability wereobtained.Decaylevelsof 2.5

Sincemostof polymersdecayby a £rst kind kineticsreaction,we usedit for our calculations.Taking
into accountthesampleweight,theheatingspeed,theinitial and£naltemperatureandthechosenlevel
in thedecayprocess,theactivationenergy canbedeterminedandthenthelifetime of thematerial.[4].

For a lifetime value,themaximumtemperaturefor practicalusecanbeestimated.Comparative andde-
tailedcomputerresultsarepresented.This methodcanbealsoappliedfor characterizing- by meansof
thermalmethods- thethermo-stablepolymers,elastomers,thermoplastics,andsynthetically£bers.Alter-
native thermo-analiticalmethods(asthedifferentialcalorimetricmethod-DSC,andDSCunderpressure)
arediscussed.
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DensityFunctionalTheory(DFT)[1] is oneof themostwidely usedmethodsfor ab initio calculations
of the structureof atoms,molecules,crystal,surfaces,andtheir interactions.Unlike the Hartree-Fock
method,DFT allows moleculardynamicscalculations(e.g.usingtheCar-Parrinello method)for large
systems,dueto a smallercomputationalcost.Even more,it allows the useof orbital-free functionals
for thedescriptionof thekineticenergy, avoiding theself-consistentsoluctionof Schr̈odinger-like equa-
tions. In this case,somenumericalproblemsarestill unsolved.We presenta new algorithmfor a such
a completeDFT calculation,implementedin a diatomicmoleculeusingdifferentexplicit kinetic func-
tionals.For any systemof electrons,theDFT, provestheexistenceof a densityfunctional ð¼· yk¸ for the
total energy suchthat it reachesits minimum valueat thedensitydistribution of thegroundstate.The
functional ð¼· yk¸ maybeseparatedinto an intrinsic nonelectrostaticterm ¶�· yk¸ , the interactionsbetween
theelectronsandtheexternalpotential

W · yk¸ plustherepulsiveHartreeenergy, ó\· yk¸ , dueto theelectronic
densitydistribution. ¶�· yk¸ itself is usuallydividedinto a ’kinetic energy’ term l*· yk¸ , which would bethe
full energy of anoninteractingelectronsystem,plusanexchangeandcorrelationterm ð'� � · yk¸ : [2]

ð*· yk¸ ÷0¶�· yk¸Kû W · yk¸}û ó\· yk¸t÷4l*· yk¸}û W · yk¸}ûÄó'· yk¸}ûÄð\� � · yk¸ �
In our approach,both the kinetic energy l*· yk¸ andthe exchangeandcorrelationterm ð'� � · yk¸ mustbe
approximatedby explicit functionalsthat only dependson the electrondensity. Someof former terms
presentnumericaldif£cultieswhen evaluatedwithout the useof a basisset.Speci£cally, the Hartree
energy termhasavery greatnumericalcostin a realspacecalculation,dueto thosein£nitesingularities
in every point of space.We try to solve thisproblemby usingaFourierTransform.In Fourierspace,the
expressionof theHartreeenergy hasonly a singularityat theorigin andsotheintegral is mucheasierto
handle.

Dueto thesymmetryof our problem,we canusecylindrical coordinates,andwe geta two dimensional
integral insteadthegeneralthreedimensionalintegral.Wethenmanageto write a1D-FourierTransform
plus 1D-Hankel Transform,insteadof the original 3D-Fourier Transformof the electrondensity. This
calculationis now computationallyfeasible.In this way, we canevaluatekinetic andtotal energiesin a
numericalschemewithout theuseof any basisset.

We have calculatedthetotal energy of diatomics[3] usingseveralkinetic energy functionals,including
local, semilocalandnon-local[4] approximations.The resultscanbe reasonablycomparedwith those
obtainedwhenusingHartree-Fock densitiesdescribedby a basisset.Minimization of the total energy
will give informationaboutthequality of thekinetic densityfunctionalwe use.Thealgorithmmustbe
improved in order to speedup the calculationandto evaluatemoreproperly the non-localpart of the
kinetic functionals.
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Theding-a-lingmodelis a memberof the family of nonlinearmany-bodyproblems,amongwhich the
Fermi-Pasta-Ulamsystemis themostfamousone.Thesmallestding-a-lingsystemconsistsof two par-
ticlesof equalmasses.They movealonga ring, andinteractvia elasticcollisions.Oneof themis bound
by a harmonicpotential.In his seminalpaper[1], Casatiet al. suggestedthatthis systemshows a phase
transitionfrom chaoticto quasiperiodicbehaviour, asthesystemenergy increases.In our approach,the
systemis describedby asetof coupledmaps,whichdrive it from oneto anothercollisionof theparticles.
This kind of Poincaresectionis equivalentto a non-canonicaltransformation,andthephase-spacevol-
umeis not preserved.We investigatea seriesof times

5 ��y{� betweensubsequentcollisions.Themethod
appliedis thenumericalcalculationof thebox fractaldimensionò of thephaseportrait

5 ��y û � � vs
5 ��y{�

[2]. This methodhasbeenprovedto beef£cientin a similar application[3]. We show that thecharacter
of motion dependson thevalueof the ratio ² of velocitiesof theparticles.For valuesof energy larger
thanthosefrom [1], we £ndchaoticbehaviour for ² closeto unity. There,thephaseportrait is a fractal.
On the contrary, the systemis quasiperiodicabove somevalueof ² , andthe phaseportrait is a closed
curve.Weconcludethatfor thelattercase,thekineticenergy of thequicker particlecanbetreatedasan
adiabaticinvariantof motion[4].
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The formalismof Ginzburg-Landau(GL) provides a simplemethodto study the global propertiesof
non-homogeneoussuperconductingstructures.We investigatethe well-known classof supercondict-
ing/normal/superconducting (SNS)sandwicheswith planeboundarieson thebasisof modi£edGL type
equations[1] for theorderparameter(wave function) ÁÂ����� , de£nedin thewholespaceasfollows:

Á ] ] û � �Ã Á� í Á�÷ � ñ (1)

ó ÷Ã� ¬� Á # Á ] �§Á�Á # ] ñ �G��&Ä%0¿�%Ã�<>x( � �ÆÅ¹�G>x( � %0¿�%Ã&Q�Vñ (2)�ÈÇ� t Á ] ] �
¯ t ¯ Ç  ÁÉ� ª tª Ç  ÁÊ í Á�÷ � ñ (3)

ó�÷0� ¬� � Ç� t Á # Á ] �§Á�Á # ] ñ  ¿^ "%0>x( � � (4)

The dimensionlessconstantó de£nesthe supercurrentdensityas a function of phaseoffset �ÊË , the
thicknessof thenormallayer > , andtheparametersof themodelwhichappearasconstantsin equations
(3) and(4). Whenthisdependenceis asingle-valuedandanalyticaloddfunctionof thephaseoffset ��Ë ,
thestructureshows a Josephsonbehavior. We investigatenumericallyandanalyticallythesupercurrent-
phaserelationandthe crossover from the Josephsoneffect to bulk superconducting¤ow by usingthe
continuousanalogueof theNewton’s method[2].

We show that,dueto differentnonlineartermsin the normalandsuperconductingregions,the depen-
denceó��G��Ë�� is not sinusoidal.TheusuallyaccepteddependenceóS÷ÍÌTÎ�ÏÐ6 79�G��Ë�� is justi£edonly for a
restricteddomainof valuesof theparameters>�ñ � t ( � Ç ñL¯ t () ¯ Ç  , and ª t (�ª Ç . Thein¤uenceof thesecond
termin theFourier-decomposition�GÑÉÏÒ6 7�� � ��Ë��G� is alsoinvestigated.Weprove numericallythatthees-
sentialdeviation from sinusoidalrelationis causedby thepossibleanisotropy of masses� � t ( �ÈÇKÓ÷ � � .
It is shown that the maximum(critical) currentdensity ÌTÎ correspondsto a bifurcation point for the
amplitude  Á� í of theorderparameteraswe changethecurrentdensity ó .

Whentheanisotropy of massesis absent(
� t ( � Ç ÷ � ) andthethickness> is verysmall,werecover the

resultsgivenin [3].
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An adequatedescriptionof stronglycorrelatedsystems,suchastheantiferromagneticinsulatingtransition-
metalmonoxides(FeO,CoO,NiO), is not possiblewithin the local spin densityapproximationto the
densityfunctional theory(LSDA-DFT) dueto its mean-£eldtreatmentof the strongon-siteCoulomb
correlations.A betterrepresentationof the latter canbe obtainedwithin the self-interactioncorrected
(SIC) LSDA, which hasbeensuccessfullyappliedto systemshaving stronglylocalisedstates,as,e.g.,
rareearthsystemsandtransition-metaloxides.[1]

In thiswork weapplytheself-interactioncorrectedLSDA formalism,asimplementedin theTB-LMTO-
ASA method,[2] to studytheelectronicandmagneticstructureof transition-metaloxide(TMO) surfaces
andthin oxidelayerson metallicsubstrate.HeretheNiO surfaceandthepropertiesof up to 3 layersof
NiO on theAg(001)surfaceareinvestigated.We modelthesurfacein a supercellapproachby a series
of repeatedslabsconsistingof up to seven layersof oxide separatedby £ve layersof emptyspheres,
representingthevacuum.Relaxationsat thesurfacesarenot takeninto account.Having investigateddif-
ferentmagneticorderingsin thebulk andin theslabs,wearguethattheAFII phaseis mostenergetically
favoured.Thelayerresolveddensitiesof statesat theNiO(001)surfacearealsoconsideredfor different
arrangementsof spin orientationsin thesurfacelayerswhilst keepingthe inner layersin theantiferro-
magneticorderingof type II (AF II). It is shown that the self-interactioncorrectedLSDA calculations
candescribesurfacepropertiesof TMO andthin TMO layersonmetalsubstratesandtheir resultsusedto
interpretexperimentsonthin transitionmetaloxide£lmsonmetallicsubstratesin thescanningtunneling
microscope.

Furthermore,to gainmoreinsightinto thenatureof exchangeinteractions,aHeisenberg modelhasbeen
£ttedto bothbulk NiO andNiO surface,respectively. ConventionalLDA calculations(see[3]) for NiO
bulk overestimatetheexchangeparametersfor nearestandnext-nearestNi interactionsby a factorof 3,
with respectto experiments.[4] In contrast,thevaluesof theexchangeparametersobtainedby theself-
interactioncorrectedLSDA deviate from theexperimentalonesby lessthan20 %. Thecorresponding
Neél temperaturesareestimatedfrom thisHeisenberg model.
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We consideredthe relaxationandequilibrationin symmetrictrimer coupledto a phononbath.Energy
transferwithin the trimer occursvia resonanceinteractionsand coupling betweenthe trimer and the
phononbathoccursvia modulationof themonomerenergiesby thephonons.Wesupposetotally uncor-
relatedbathsfor eachsiteof trimer.

UsingsoftwarepackageMathematica[1] we comparemodelintroducedby ³Cápek[2] with commonly
usedRed£eldmodel(with thesecularapproximation)[3] andalsowith theStochasticLiouville Equation
modelwith Haken-Str̈obl-Reineker parametrization[4]. Wefocuson thedifferencesof thesemodels.

Wediscusstwo initial conditions:
a) Thehighestenergy level in thetrimer is initially occupied,
b) onelocal site(site1) of thetrimer is initially occupied.

We£ndthatthediagonalelementsof densitymatrix - probabilitiesof occupationin therepresentationof
eigenstatesarethesamein all threemodels.But it is not thecaseof theoff-diagonalelementsof density
matrix. If theoff-diagonaldensitymatrix elementsvanishinitially, they vanishin every following time
in all threemodels(they arethesamefor the initial conditiona). If the initial conditionis local (initial
conditionb), theoff-diagonalmatrix elementshave essentialdifferencesevenin thelong time limit.
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The importanceof awarenessmodelhasbeenunderwrittenby many studiesandmuch interestingre-
searchhasbeenundertaken in this researcharea.

Perhapsthemostwell known awarenessmodelfor Virtual Environmentsis “The spatialModelof Inter-
action”. Thismodelwasdevelopedbetween1991and1993mixing theresearchesledby ProfessorSteve
Benfordat theSchool of ComputerScienceandInformationTechnology, in theNottinghamUniversity,
the researchesled by LennartE. Fahĺen at TheSwedishInstituteof ComputerScience(SICS) andthe
researchesled by JohnBowersat Royal Instituteof Technology(KTH) in Stockholm(Sweden).

Thespatialmodel,asitsnamesuggests,usesthepropertiesof spaceasthebasisfor mediatinginteraction.
It wasproposedlikeawayto controlthe¤ow of informationof ourenvironmentin CVEs(Collaborative
Virtual Environments),allowsobjectsin avirtual world to governtheir interactionthroughthesomekey
concepts:aura,awareness,focus,nimbus,adapters[1] andboundaries[3].

A lot of researcheshavebeencarriedoutstartingfrom thismodel,someof themto rede£nethemodeland
anotherto rede£nesomeof it key concepts.For example,Benfordintroducedboundariesas“Boundaries
divide spaceinto differentareasandregionsandprovide mechanismsfor markingterritory, controlling
movement,andin¤uencingtheinteractionalpropertiesof space”[2].

In thisway, thegoalsof thiswork arethree-fold:

1. To rede£neandclassifythedifferentkind of boundariesin CVE, usingsomepropertiesof space,
asfor examplepermeability, situationanddynamics[4].

2. To studyhow theseboundariescanhave anin¤uencein theperceptionprocess
3. To introducehow theaboveboundariestheorycouldbeconnectedwith somephysicalphenomenon

(asfor examplethewavemotion)
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Si-based2D macroporousphotoniccrystals(PCs)have becomeof increasinginterest,becauseof their
extraordinaryopticalpropertiesin thenearIR. They arefabricatedby electro-chemicalporeetchingof
lithographicallyprestructuredSi wafers,with porediametersin therangeof 1.5 Ô m - 0.5 Ô m having a
poredepthof about100 Ô m. [1] Experimentalmeasurementscanbeinterpreted,e.g.,in termsof calcu-
latedphotonicbandstructures(PBS),densityof statesandtransmittance.SolvingMaxwell’s equations
for the magnetic£eld yields an eigenvalue problemfor the eigenfrequenciesof the systemand the
electromagnetic£eldmodes.

For the given dielectriccontrastbetweenthe silicon ( Õ×ÖxØG÷ ��� � � ) andthe pores(e.g.air Õ � ÷ �
), the

dispersionof the bandscan be controlledby the lattice type, the pore size and the crosssectionof
the pores.The in¤uenceof pore roundnessde£ciencieson the PBS of 2D photoniccrystal hasbeen
extensively studied.[2]

Dedicatedregimesof electro-chemicalPCfabrication[3] allow to modify theporeradiusin thegrowth
directionof thepore,providing 3D-like photonicstructuresin anef£cientway.

It is theaim of thecontribution to theoreticallystudywhetherthis typeof modulatedporescancausea
verticalcon£nementof theelectro-magneticmodes.In particular, theoptimumporepro£le,i.e.,strength
andshapeof diametervariations,hasto beidenti£ed.It hasto benotedthatmostof theprevious theo-
reticalstudiesof photoniccrystalwaveguideshave beenrestrictedto purely2D systems.

A frequency-domainmethodis usedto solve Maxwell’s equationsfor periodicdielectricstructureswith
themodelof thePCcodedona3D supercellgrid. Preconditionedblock-iterative eigensolversin aplane
wave basesareusedfor a full-vectorial,three-dimensionalsolution.Themethodallows to calculatethe
frequency eigenstatesandtheelectromagnetic£eldmodes.[4].

Theresultsarepresentedby bandstructureplotsaswell as3D £elddistributionsfor varyingparameter
combinations.

Wepresentadetailedinvestigationof thein¤uenceof porepro£levariationson thephotonicbandgaps,
whichcontrolthein-planeguidingof themodes.In conclusion,theverticalcon£nementof guidedmodes
in photoniccrystals,eitherradius-variation-based in modulatedporesor index-variation-basedin slabs,
arecompared.
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Theincreasein computationalpower of computersenablestheresearchersbothto improve themethods
of electronicstructurecalculationsandto apply themto a wider rangeof the investigatedobjects.But
in solid-statephysicsthemajority of objectsof calculationstill requirehugeamountsof computational
time,andall existingmethodsalwayshavesomeclassesof compounds,wherethey work lesseffectively
thanothers.Therefore,thequestionof applicabilityof somemethodto someor otherkind of compounds
is no doubttheoverridingproblemfor researchers.We think our work is interestingin this sense£rstof
all for its somewhatunexpectedconsequence:thein¤uenceof structuredefectsontheelectronicstructure
of complex ion-covalentoxide crystalsof leadtungstatePbWOa could be describedwith considerable
degreeof accuracy andcredibility withoutuseof supercomputers.Weobtainedquiteinformative results
by ab-initio all-electronRestrictedHartree-Fock (RHF) calculationof theelectronicstructureof small-
sizedmolecularclustersof PbWOa with single-atomdefects.

Well known scintillator, leadtungstatePbWOa is assumedto be the working scintillation materialfor
Large HadronCollider projectat CERN.Electronicstructurecalculationsarenecessaryfor successful
clari£cationof the origin of it’s luminescencecenters.Electronicband-structureof leadtungstatewas
ab-initio calculatedrecently[1], but the propertiesof two importanttypesof defectsin leadtungstate
havenoteverbeendescribedin termsof electronicstructure.It is well known, thatoxygenvacanciesV Ú
andmolybdenumimpuritiessigni£cantlyaffect luminescencepropertiesof PbWOa .
With the view of £ndingthe in¤uenceof thesedefectson lead tungstateoptical propertieswe issued
anotherchallenge:arewe able to solve this problemeffectively by force of a desktopcomputer?We
appliedall-electronRHF-calculationto smallclusterscontainedtwo formulaunitsof PbWOa (a half of
theunit cell) in whichV Ú andW substitutionby Mo weremodelled.Comparingdensityof states(DOS),
partial DOS andcombined(interband)DOS calculatedfor defectandperfectstructurerepresentations
by theclusterswe determinedthein¤uenceof thesedefectson thecharacterof interbandoptical transi-
tions.Calculatingmolecularandatomicpopulationsweestimatedtotalelectronicchargesonconstituent
atomsandWOa molecularaninonsandthedegreeof covalenceof interatomicbondsfor perfectcrystal.
Changesin theseparametersthataccompanieddefectsformationwerealsoconsidered.We usedcalcu-
latedspatialdistributionof electronicchargefor investigationof theconditionsof (Pb-WOa )-typeexciton
autolocalizationon WOa , WOö andMoOa molecularcomplexes,thatwererecognizedasluminescence
emissioncentersin perfectanddefectivecrystals.Furthermore,in thiswork wemadeanattemptto de£ne
choicecriteriafor a minimal crystalfragment,needto beconsideredin orderto determinethein¤uence
of single-atomdefectson theopticalpropertiesof PbWOa -like crystals,if thecalculationmethoduses
LCAO formalism.

Takingour work asaninstancewe show, thatwhatever complex the investigatedsystemsmaybe,such
kind of approachin calculationswill alwaysberelevantasthe£rstapproximation,thatshouldenhance
theeffectivenessof entiresolutionof theproblem.
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Thesimulationof chargedcolloidalsuspensionsis averychallengingtaskbecausethetypical relaxation
timeof thecolloidalparticlescanbeof theorderof secondsor morewhereasthatof thesolventparticles
is normallyof theorderof picoseconds(e.g.waterat roomtemperature).Furthermorethecomputation
of the long–rangedCoulombinteractionsrequirea lot of CPUtime. Thereforeconventionalsimulation
methodslike moleculardynamicsor MonteCarloarenot well suitedto studythedynamicsin charged
colloids.

A computationalmethodwhich wassuccessfullyappliedto colloidal systemsis theso–calledLattice–
Boltzmannmethod(for an introductionsee[1]) which wasdevelopedto simulatehydrodynamicson a
grid. We have developeda simulationschemefor chargedcolloids,basedon this method,in which the
dynamicsof thesolvent ions is solved on a coarsegrainedhydrodynamiclevel. In our methoda setof
non–linearlycoupledelectrokineticequationsis solvedwhichconsistsof convective diffusionequations
for the ion densities,the linearizedNavier–Stokes equationsfor the massdensities,and the Poisson
equationfor theelectrostaticpotential.

We applyour methodto thecalculationof the reducedsedimentationvelocity Û«(�Û ú ( Û , Û ú : sedimen-
tationvelocity for thechargedandunchargedsystem,respectively) for a cubicarrayof chargedspheres
in an electrolyte. Û«(�Û ú is determinedasfunction of the dimensionlessquantity Ü^¯ ( Ü : inverseDebye
length, ¯ : radiusof asphere)for differentvolumefractionsof spheres.For thelimit of aweaklycharged,
isolatedspherein an unboundedelectrolytethereexists an analyticalsolutionwhich was£rst derived
by Booth [2]. We show thatwe recover the resultof Booth’s theorywith our method,andwe compute
thecorrectiontermsto this theoryfor higherchargedspheres.Furthermore,we investigatethecomplex
behavior of Û«(�Û ú at largervolumefractionsof macroions.

In conclusionwehavedevelopedanew simulationmethodfor suspensionsof chargedcolloidalparticles
which is basedon theLattice–Boltzmannmethod.Weapplyourmethodto theinvestigationof sedimen-
tationphenomena.Weshow thatwe recover ananalyticalresultfor thelimit of aweaklychargedsphere
in anunboundedelectrolyte,andmoreover we give physicalinsight into thebehavior of thesedimenta-
tion velocityasa functionof thevolumefractionandthechargeof themacroions.
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Whenpreparingthin metal£lmsdepositedondielectricsubstrates,aVolmer-Webermechanismof three-
dimensionalnucleationand£lm growth takesplace.Thebasicinformationabout£lm propertiesin the
initial stagesof their growth canbederived from theanalysisof £lm photographsfrom a transmission
electronmicroscopeaswell asfrom atomic-forceandscanning-tunnelling microscopes.For betterun-
derstandingof processes,which take partduringearlystagesof £lm growth, thetechniqueof computer
experimentcombinedwith imageanalysisof simulatedstructuresseemsto bevery useful.For thedis-
cussionof physicalmechanismstaking part during thin £lm growth two sortsof modelscanbe used
- analyticalmodelsbasedon a numericalsolutionof rateequationsandatomisticmodelsperforming
operationswith individual atomsof growing £lm. Theatomisticmodelsaretime-consumingbut better
physicalassumptionscanbeusedin their construction.

Realisticatomisticmodelsof £lm growth ableto handlegrowth processin extremelylargetimescaleof
nearly15ordersof magnitude(from thedescriptionof interactionof impingingatomswith substratesto
theformationof semicontinuouslayers)mustconsistof severalsub-modelswith varioustime andspace
scalesandwith theiroutputsconnected:

- Thenucleationprocessis simulatedby thedetailedcalculationsof movementsof individual atomsof
depositedmaterialandtheir interactionwith atomsof thesubstrate.Thealgorithmusedis thestandard
moleculardynamicsmethodwith forcesobtainedfrom inter-atomicpotentials(seee.g.[1]). The£nite
temperatureof substrateandthecoolingof impingingatomsis handledby theNose’s method[2].

- The formationof small clustersandtheir furthergrowth is studiedstochasticallyby theEnergy min-
imization technique,wherethe probabilitiesof transitionsbetweenvariousstatesare comparedwith
Boltzmannfactors.

- Data from the £rst two modelsserve as input valuesfor the kinetic Monte Carlo model.Atomistic
Monte Carlo modelsareusedfor the simulationof thin £lm growth for a ratherlong time (e.g. [3]),
however only presentcomputationaltechniqueenableus to includerealisticassumptionsinto models
[4].

The resultsof simulationarecomparedwith both the predictionsof nucleationtheoryandwith exper-
imentaldata- TEM photographsof discontinuousmetal £lms. For the analysisof thesephotographs
aswell asfor theanalysisof simulatedmicrographs,thebasicalgorithmsof mathematicalmorphology
togetherwith somemoreadvancedalgorithmsbasedon percolationtheoryandFourieropticsareused.
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The understandingof processesin the boundarylayer betweenplasmaand immersedsolids is very
importantin modernplasma-chemicaltechnologiesaswell asin probediagnosticsof low-temperature
plasma.Further, in contemporaryplasmaphysicsthereis a considerablescienti£cand technological
interestin theplasmasof electronegative gasesasthepresenceof negative ions in¤uencetheformation
of thetransientregion,so-calledsheath,betweenundisturbedplasmaandsubstrate[1]. Third, dynamical
processesin thesheathresultingeitherfrom applyingstepvoltagesto substratesor causedby internal
instabilitiesin theplasmabecameanpopulartopic themein theliterature- e.g.[2], [3]. Theseprocesses
areimportantfor the implantationof ions andfor technologiestaking placeat higherfrequencies.All
physicaland chemicalprocessesduring plasma-solidinteractiondependon plasmacompositionand
furtherexperimentalparameters.As our understandingof thesemechanismsis still incomplete,various
mathematicalandcomputationalmodelshave beensuggested.

Thetransportof chargedparticlesoriginatingfrom undisturbedplasmato metalsubstratesimmersedinto
plasmacanbe studiedby varioussimulationtechniques- by ¤uid modelling,by particlemodellingor
by solvingBoltzmannkinetic equation.Most of authorsusethe¤uid simulation.In our laboratory, the
self-consistentparticlesimulationtechniqueis preferredasit givesmoreinformation,althoughit is very
time-consuming.

Our main taskwasto studydynamicsof sheathformationin three-componentplasmacontainingelec-
trons,positive ionsandnegative ionsunderthe in¤uenceof voltagesteps.The techniqueusedwasthe
standardself-consistentPIC-MCmethod:thedistribution of electric£eldin thesheathwasderivedfrom
thechargedistribution by solvingthePoissonequation,theequationsof motionweresolvedby theVer-
let algorithm,electrons,positive argon ions andnegative oxygenions were taken ascharged species,
scatteringeventsweretreatedstochasticallywith meanfreepathsgiven by [4]. To beableto studythe
sheathdynamics,theidenticaltimestepsfor bothelectronsandionsoughtto beused.

In ourcontribution thesteady-statedistributionsof electricpotentialin thesheathfor variousconcentra-
tions of negative ions, the transientelectric£eldsin thesheathcausedby stepsubstratebiasesandthe
¤uxesof all chargedspecieswerederived. The obtainedresultscon£rmedthe importanceof negative
ions in thesheathformation.It wasfound thatat higherconcentrationsof negative ions,thesheathsof
complex structurearecreatedandthe¤uxesof bothpositiveandnegativeparticlesarehighly in¤uenced-
resultingevenin transientcurrentsof reversedpolarity. Thecalculationswereextremelytime-consuming,
asa largenumberof particlesweretreatedsimultaneouslyandthestandardtechniquesfor increasingthe
performanceof computationcanbe usedfor steady-statesituationsonly. Therefore,the attentionwas
devotedto theadditionalsimulationtechniquesfor theincreaseof effectivenessof simulation.
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The £rst molecularof DDT, 2,2-bis ( p-chlorophenyl) - 1,1,1-trichloroethane, have beensynthesized
over a hundredyearsago,andit is morethana half centurysincethediscovery of its insecticideeffect
againsta wide variety of arthropos.Nevertheless,little speci£cknowledgeaboutits toxicity is known.
Sincea microscopicmechanismfor thetoxicity to a living animalwould bevery complex, it is hardto
investigatethe mechanismdetailedexperimentally. On the otherhand,QSAR ( quantitative structure-
activity relationship) or chemometricapproachis a promisingway to investigatebio-chemicalactivity
of molecules.We have found previously that,basedon the £rst principleselectronicstructurecalcula-
tions andneural-netanalysis,charge distributions in dioxin isomersarerelatedto its toxicity, andthe
dioxin isomerscontaininga few Cl atoms,e.g.1-MCDD, 2,3-DCDDand1,2,3-TriCDD, areconjectured
to show highly harmfulasthesameas2,3,7,8-TCDD[1]. Quiterecently, theharmfulnessof suchdioxin
isomersarecon£rmedexperimentallyby usingspleenandthymuscells.Althoughwe have no informa-
tion concerningthetoxicity mechanismof dioxin isomersagainstliving cells,acombinedmethodof the
electronicstructurecalculationsandneural-netapproachshows agoodpredictability.

The molecularstructureof the DDT analogsis written asC(CÝ Ha X)(CÝ Ha Y)LZ, wherethe molecule
with X=Y=Cl, Z=H, andL=CClö is p-p’ DDT, andthemoleculewith X=Y=Cl, Z=H, andL=CClí H is
p-p’ DDD. For the DDT analogs,effectson thevariationin theX,Y,Z, andL positionson the insecti-
cidal activity areexperimentallyinvestigatedby usinghouse¤ies[2]. However, thereis no reporton the
electronicstructuresof theseDDT analogsastheauthorsasknown. We have carriedout theelectronic
structurecalculationbasedon thedensityfunctionaltheorywith a local approximation,anddetermined
themoststablegeometryof over 25 DDT analogs.TheDDT analogswith largefunctionalgroupssuch
asSCHö andOCí HÞ shows small LUMO-HOMO gapenergy in comparisonwith oneof otherDDT
analogs.Howeverthereis little evidentalchemicaltrendconcerningthesubstitutionof functionalgroups
in theX andY positions.In orderto investigatetherelationshipbetweentheelectronicstructuresof the
DDT analogsandtheinsecticidalactivity, neural-netanalysishasbeencarriedout, whereexperimental
insecticitadactivities of theDDT analogswereuserasteachingsignalsandMullik engrosspopulations
in themoleculeswereusedasinput signals.Fromthis analysis,we have found thatcharge distribution
at thecarbonatomsof aryl groupsis relevant to its insecticidalactivities, andit is hardto £ndtherela-
tionshipbetweenthelocal electronicstructuresof substitutionalgroupsX and/orY andtheinsecticidal
activities reportedexperimentally. We will discusson possibilityof neutralizationof the toxicity of the
DDT analogsbasedon theelectronicstructurecalculationandtheneural-netanalysis.
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Goalof theprojectis a solvent freepaintingshop.Theenvironmentaltechnologieslaboratoryis devel-
opingprocessesof plasmaetchingandpolymerisation.Polymerisedthin £lmsare£rstordercorrosion
protectionandprimerfor painting.

Usingpureacetylenewegetverynicethin £lmswhichwerenotbondedverywell. With air asbulk gases
in acetyleneit is possibleto polymerisewell bondedthin £lms which arestable£rst ordercorrosion
protectionsandwell primers.

Nitrogen is necessaryto generatewell bondedthin £lms. UV/Vis spectroscopy shows nitrogenoxide
radicalsin emissionspectraof purenitrogenandair. But nitrogenoxideis fully suppressedin presence
of acetylene.IR spectroscopy shows only C=O,CHí andCHö groupsbut no nitrogenspecies.

Usinganumericalmodelit is possibleto calculatetheoreticalmassspectra.Theadjustmentof theoretical
massspectrato realmeasurementleadstospeci£cchannelsof polymerisationwhichis drivenby acouple
of radicals.The chemistryof polymerisationis similar to photochemicalproductionof ozonein the
troposphere.With respectto thischemicalprocessesit is possibleto haveanideaof pollutantproduction
processes.
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Decompositionof asolidsolutionis oneof thephenomenaoftenobservedin materialsscience.A promi-
nentandinterestingobjectfor investigationis a novel classof non-equilibriumsuperconductingmetals
– Al-basedsolid solutionsproducedby high pressuretreatmentthatarecharacterisedby a quitesimple
crystallinestructureandratherstrongelectron-phononinteractionswith vibrationsof atomicclusters.
Thestudyof thetemperatureandtime stability of suchalloys, aswell astherelationshipbetweentheir
microscopicpropertiesandthemechanismof structureformationandevolution remainsa challengefor
thetheorydueto thegreatcomplicity of theproblem.

A modeldescribingthe phaseseparationprocessin a supersaturatedbinary solid solutionfor a broad
interval of supersaturationhasbeendeveloped.The kinetic of the processand equilibrium structure
obtainedhasbeeninvestigatedby theMonteCarlomethod.Theprobabilityof directatomexchangein a
solidsolutionhasbeencalculatedaccordingto thenew proposalthatincorporatestheeffectof theenergy
differencebetween£nalandinitial statesof anexchangeandthein¤uenceof all theneighbouringatoms
on theexchangeconsidered.A new approachhasbeensuggestedto acceleratethesimulationprocedure
for the time evolution of thesystem.The interatomicinteractionup to thenext-nearestneighbourshas
beentakeninto account.Thelatticedistortionproducedby precipitationis includedinto consideration.

Thedependenceof thestablestructureof thesystemon thetemperature,soluteatomconcentrationand
thetypeof interatomicinteractionis obtainedasresultof thecomputersimulation.Theexponentof time
dependenceof the precipitatesize is analysedasa function of differentmicroscopicparameterof the
model.It is found,that thereis a correspondencebetweenits valueandthedifferentseparationregimes
thosecanoccurin a solidsolution.
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Contactdynamicsis a simulationschemewhich implementsthe excludedvolume interactionof per-
fectly rigid particlesandthesolid friction law exactly. Hence,it is animportantcounterpartto molecular
dynamicssimulationswherethesesingularinteractionshave to be regularized,especiallyfor granular
systemswith lastingcontacts[1].

Cohesiveattractionin granularsystemsbecomesmoreandmoreimportantasthegrainsizedecreases.In
theextremecaseof nano-particlesthecohesionis evenoneof themostimportantfactors.For exampleit
hasto betaken into accountwhenprocessing“nano-ceramics”by sinter-forging, i.e. pressuresintering
at low temperatures[2]. There,the compactionby rearrangementof the grainsfor a large numberof
particlescanbesimulatedby meansof contactdynamics.

To thatpurpose,wedevelopedandimplementedamodelof cohesionin thecontext of contactdynamics
[3]. Thismodelallowsfor a£niterangeof theattractive interactionandwill becomparedto analternative
approachwith the restrictionto purecontactforcesanda differenttreatmentof persistingcontactsand
shocks.Sincewe model round particles,we introducedrolling friction, so that force chainsare not
destabilizedby rolling. In practicethis meanswe allow for the transferof a torquethrougha contact,
extendingtheconceptof a point contact.Theadmissibletorqueis treatedsimilar to Coulomb’s friction
law, i.e. weusea torquethresholddependingon thenormalforce.

Theinitial stateof thesimulatedsystemshown in £gure1 waspreparedby meansof ballisticdeposition.
Its behavior undercompressionfor differentcohesionandfriction parametersis investigated.It turnsout
thatrolling friction is crucialfor ahighly porous£nalstate.

Thiswork wasperformedwithin DFG-Sonderforschungsbereich445Nano-ParticlesfromtheGas-Phase
: Formation,Structure, Properties.

Fig. 1. Compactionof ballistic depositedcohesive grains
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Assembliesof spinsareinterestingasobjectsproviding thelower-sizelimit for magneticnanoparticles.
Among the fundamentalquestionsthey raiseare the magneticquantumtunnelingand the quantum-
sizeeffectson the thermodynamicalproperties.The spin aggregatesareembeddedasthe coresin the
macromoleculeswith well-de£nedsize,shapeandstoichiometry. They areseparatedfrom oneanotherby
shellsof ligandmoleculesandcanbesynthesizedin macroscopicallylargesamplesin regularstructures.

In ourreportanumericaltransfer-matrix approach,basedontheSuzuki-Trotterformulaandthechecker-
borddecomposition,aswell asanexactdiagonalizationtechniqueexploiting thepoint-groupsymmetry
andthepropertiesof theshift operatorareworkedoutin theframework of quantumstatisticalmechanics.
Theadvantagesof thequantumtransfer-matrix (QTM) simulationmethodhave beendemonstratedfor
the macroscopicHaldane-gapandmolecular-basedmagneticchains[1]. The resultsarenot subjectto
any statisticalnor systematicerrorsandthemacroscopiclimit canbedirectly evaluatedfrom thelargest
eigenvalueof thetransfermatrix.For the£niterings,however, all termsin thede£nitionof thepartition
function bring somecontribution, so that the computationalcomplexity of the QTM methodincreases
enormously.

To accomplishtheexactnumericaldiagonalizationin thecaseof theuniform spinvariable ä�÷ �
andå ÷ ��� (appropriatefor Ni � í ), we selectedthecommutingoperators:the ¿ -componentof thetotal spinæ�ç

, themirror re¤ectionoperatorè andanoperatoré . Therealoperatoré standsfor éø÷ �
í
ê û ê�ë ñ

whoseeigenvaluesare - w ÷0ì|í�Ï íEî wï with ðJ÷ � ñ �L�L� ñ ï 	k�í ñ where
ê

is ashift operator[2].

Both methodsare applied,using the isotropic Heisenberg spin Hamiltonianand the large-scalesim-
ulations,to the title high nuclearitycyclic clustersMnÝ (i.e. [Mn(hfac)í NITPh]Ý ) [3] and Ni � í (i.e.
Ni � í (Oí CMe)� í (chp)� í (Hí O)Ý (THF)Ý ) [4] in order to model quantitatively their magneticproperties.
The mesoscopicparametersfor both molecules( ó�(�ðÒñ�÷òu ��� ½ ����ó and ó�(�ðÒñÖ÷éÿ � � ½ � � ��ó ñ1ë�÷� � � u<½ � � ��� ) areobtainedfrom a £t of the theoreticalsusceptibilitycurvesto theexperimentalresults.
For the Ni � í complex new experimentalsusceptibilitydataarealso reported.We appliedparallelized
programwritten in FortranLanguangeusingParallelVirtual Machine(PVM) utility onCrayT3E.
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�
, H. Szymczakí

and J.-P. Renardö`
Instituteof Physics,AdamMickiewiczUniversity, ul. Umultowska85,61-614

Poznán, Poland
N
Instituteof Phisics,PolishAcademyof Sciences´

Institut d’ElectroniqueFondamentale, Université Paris-Sud,Bâtiment220,91405
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Both experimentaland theoreticalinterestin quasione-dimensionalfrustratedquantumspin systems
hasbeenstronglyforcedsince1993,whenit wasshown that the magneticsusceptibilityof m'�2¶��Òn ö
measuredin all crystaldirectionsdrasticallydropsbelow lkÖJô ÷ � r � u ó . It wasatributed to the spin-
Peierls(SP)phasetransition,which manifestsitself whena systemof quasione-dimensionalquantum
spinchainsundergoesdimerizationdueto latticedistortion.

Todescribetheseproperties,a äÂ÷ � ( � one-dimensionalantiferromagneticHeisenberg modelof m\��¶��=n ö
with nearestneigbour(nn) andnext-nearestneigbour(nnn) interactionswasproposed[1, 2], with the
Hamiltonianin theform � ÷õ�Éó ïØ÷ö ���Gä)Ø�äIØ q � û/ø2äIØùäIØ q í � û ïØ}ö ���G� � � Ø|ú äIØùäIØ q � ñ where

å
denotes

thesizeof thechain, ó2�G% � � and ø9�G. � � arethenn exchangeintegral andtheratioof thennnexchange
integral to thenn one,respectively. Theparameterú describesdimerization.Below l�Öxô , thevalueof ú
is non-zeroandthealternationof ó hasto betakeninto account.Sofar, in orderto estimatetheoretically
the ó and ø values,full diagonalizationhasbeenapplied[1, 2, 3] to rings with

å ! � ÿ (e.g.9 spin
pairs at most).The £nite-sizedatahave beenextrapolatedto the thermodynamiclimit andcompared
to thesusceptibilitymeasurementresultsabove theSPtransitionpoint. Also, newly developeddensity
matrix renormalizationgroup(DMRG) techniquehasbeenusedto estimatethetemperaturedependence
of dimerizationparameterú in theregion below lkÖJô [4].

Herethermodynamicalpropertiesof the one-dimensionaläæ÷ � ( � Heisenberg modelwith dimerized
nearestand uniform next-nearestneighbourinteractionsare studiedby the numerically exact quan-
tum transfer-matrix methodandthe resultsareappliedto thequasi-one-dimensional magneticsystems
CuGeOö andPb[Cu(SOa )(OH)í ].
TheSuzuki-Trotterformulais usedto obtainaclassicalsystemwith spin û5÷Ãu�( � andeffective interac-
tionsbetweennearestneigboursonly [5]. Themagneticsusceptibilitycurve is calculatedandcompared
with experimentalresultsperformedin a wide temperaturerange,revealingthe presenceof frustration
in the model proposedfor CuGeO3and Pb[Cu(SOa )(OH)í ]. For the pure CuGeOö , temperaturede-
pendenceof the dimerizationparameterbelow the spin-Peierlstransitionpoint is alsoestimated.The
techniqueis extendedfor the£nite-chainsegmentsandappliedto thedilutedCuGeOö obtainedby the
neutronbeamwith threedifferentintensities.Thecorrespondingsizesof segmentsarealsoestimatedfor
all thesamples.
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Grainboundaries(GBs)presenta greatinterestin ceramicssincethesematerialsareoftenusedin poly-
crystallineform. Thereasonfor this is thatmany technologicallyinterestingceramicmaterialsarepre-
paredby powdersintering.GBsmayseriouslyaffectseveralpropertiessuchasconductivity, brittle frac-
ture,creepetc[1]. Theknowledgeof theatomicstructurein theboundaryregionaswell asthedynamic
propertiesof theatomsin this region helpsunderstandingsucheffects.Atomistic simulationsarewell
suitedfor suchstudiessincethey provide a microscopicdescriptionof thephenomena.MolecularDy-
namics(MD) is oneof themostappropriateonesasit cantakeintoaccountexplicitly temperatureeffects.

In the presentwork we focus on the study of vibrational propertiesof the ions in the GB region of
a ý 5(310)[001]NiO GB by meansof MD simulations.Thechoiceof thematerialandof the speci£c
boundaryliesonthefactthatNiO hasarelatively simplecrystalstructure(fcc) while therearesimulation
studiesof thestructural[2, 3], anddiffusional[4] behavior of thespeci£cGB showing its stability asa
functionof temperature.

The ionic interactionsaredescribedby a rigid ion potentialdevelopedfor NiO. The simulationswere
performedin thecanonicalensembleusingtheNoseScheme,while theequationsof motionwereinte-
gratedusingtheVerletalgorithmwith a timestepof 10

	k� Þ s.Thephonondensityof states(DOS)of the
boundaryregion wascalculatedat roomtemperaturein thedirectionsparallelandperpendicularto the
boundaryplane.The obtainedresultsarecomparedwith thosefor thebulk region andconclusionsare
derivedaboutthebindingof theions.WehavealsocalculatedthephononDOSfor varioustemperatures
up to 0.80Tº , Tº beingthemeltingpoint of themodelsystem.

Meansquaredisplacements(msd)of the ions in the GB region asa function of temperaturein the di-
rectionperpendicularandparallel to the boundaryplanehave alsobeencalculatedandthe resultsare
comparedwith that of the bulk. Thereis evidenceof an anisotropy in the two directionsstudied:the
vibrationamplitudesnormalto theboundaryplanearelargerthanin thedirectionparallelto it indicating
that the ions are lesstightly boundnormal to the GB planethanparallel to it in accordancewith the
indicationsobtainedfrom theDOSresults.
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MolecularDynamics(MD) is a well establishedsimulationmethodbasedon an atomicdescriptionof
matter. MD is well-suitedfor thestudyof transportandstructurepropertiesasit canprobemicroscopic
mechanismsnot easilyaccessibleby experimentandthusit is widely usedin several areasof physics
andmaterialsscience.MD providesus with a setof atomictrajectories,asthey aredeterminedby the
interactionsbetweenthe atomsandNewton’s law of motion.Useful informationis obtainedaboutthe
system’s propertiesthroughstatisticalmechanicssinceonecanrelatenearlyany experimentalproperty
to themotionof atomsthroughthe formalismof statisticalmechanics[1]. However, even with present
daycomputingpower, MD is quitedemandingin computertime if oneattemptsto simulateeithervery
largesystemsor/andvery long times[2].

The introductionof parallel computersinitiated a greatdeal of researchtowardsthe developmentof
parallelcodesfor computationallyintensive problems.However thehigh costof parallelcomputershad
limited theavailability of suchmachinesto majorandwell-fundedresearchcenters.Theemergenceof
Linux andtheBeowulf projectallowedtheintroductionof low-costhigh-performanceparallelcomputa-
tion to smallresearchgroupswhile many majorlabscreatedandoperatevastsuchclusters.

In thepresentwork wedealwith thebuilding of asmallBeowulf clusterandthenecessarytransformation
of asequentialMD codein orderto run in parallelmodeandto beusedfor thesimulationof liquids.The
clusterconsistedof four PC’swith PentiumIII processorsrunningunderLinux andusingMPI [3] which
is a TCP/IPbasedprotocol.Thecon£gurationusedwasthatof MPICH [3] althoughthesamecodecan
runalsounderLAM [3]. Wediscussthechangesmadeto thesequentialcodewith aneffort to maintainits
readability. A Lennard-Jonespotentialwasusedto describeinteractionsbetweenatoms.Suchpotential
is widely usedin simulationsof modelliquid systems.Thesimulationrunswereperformedin themi-
crocanonicalensembleandseveralpropertiesof theLeenard-Jonesliquid weresuccessfullyreproduced.
Themethodologyusedwastheatomdecompositionmethod[2] in which eachprocessoris assignedto
dealwith a givengroupof atoms.We examinedtheprogramperformancefor systemsizesfrom 10í up
to 10Þ atomsandalsothescalingwith thenumberof processorsvarying from 1 to 4. The in¤uenceof
thecommunicationmethodsbetweenprocessorswasalsoexamined.It wasfoundthatevensuchasmall
clustercouldbea very usefulandcost-effective solutionfor therealizationof MD simulationsof small
Leenard-Jonesliquid systemsfor realtimesup to 1Ô s within a reasonableexecutiontime.
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While theproblemof thecalculationof theeffective conductivity of compositematerialsis well-known
only few exactresultswasobtaineduntil now. Themostdevelopedis thetheoryof theeffective conduc-
tivity of theplane,becausehereonecanusethepropertyof dualitybetweenconductivity andresistence,
which holdsonly for thetwo-dimensionalOhm’s law. Themostinterestingresultin this £eld is thatby
Dykhne[1], who hasconsideredtheplanecoveredby regionswith two differentconductivities û � andû í . If thedistribution of condictivities is stochasticandequal-weightedwhen û °|±@± ÷ ¡ û � û í . Thesame
resultholdsalsofor someregulartwo-colorstructureson theplane(in particular, for chessboard)aswas
shown by Keller in his earlierpaper[2].

In our recentpaper[3], theperturbationtheorytogetherwith convenientdiagramtechniquefor theso-
lution of Laplace-typeequationwas developed.This techniqueallows to calculateperturbatively the
tensorof effective conductivity for any periodic structureson the plane.We have reproducedthe re-
sult of Keller -Dykhneby our perturbative method.Besidesthe componentsof the tensorof effective
conductivity for the anisotropicthree-color chessboardare calculated.It is shown that the isotropic
(symmetric)part of effective conductivity calculatedup to the sixth orderof perturbationtheorysatis-
£estheBruggemaneffective mediumequationfor symmetricthree-colorstructureswith equallyparti-
tionedcomponents.In anotherour paper[4]the asymptoticformulafor theeffective conductivity of the
isotropicthree-color(three-conductivity) rhombictesselationin theplaneis obtainedfor thecasewhen
oneconductivity is muchsmallerthat thetwo others.Thetentative formulafor this rhombictesselationû °|±@± ÷ÿþ�� � ` q � �

N q � � ´�� � � ` �
N
� ´� � ` �

N q � � ` � ´ q � �
N
� ´ is suggestedanddiscussed.

The applicationof our perturbative techniquefor more complicatedtesselationsof the planesuchas
three-colorhexagonal(honeycomb) or rhombic tesselationsencountersomeclaculationaldif£culties
connectedwith the fact the the structureof Fourier coef£cientscorrespondingto thesetesselationsis
very complicated.Using thenumericalcalculationsonecanget theneccessaryestimationsfor thecor-
respondingdiagramswhich can allow to checkdifferent tentative formulasfor the compicated(and
interestingfrom thephysicalpoint of view) tesselationsof theplane[5].
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TheMolecularDynamicsmethodwasappliedto obtainarealisticpictureof interfacestructurein theAl-
Be system.Thecalculationswereperformedfor threecasescorrespondingto real conditionsof Al-Be
interfaceformation

Theliquid Al-Be mixture is slowly becomingcool from high temperatures(T¿1560K).In this caseit is
worthwhile to consideraprocesswhenAl phaseis forming on theBe substrate.

Theliquid Al-Be mixtureis quickly becomingcool from high temperatures(T¿1560K)to low tempera-
tures(T¡ 400K).Becauseof thermalconductivity of liquid Al is somewhatlargerthanthecorresponding
oneof Be onemayto supposethatAl in favorablecases£rstwill form thesolidphase.

Thenin thesimulationprocedureBe layershave to bedepositedon theAl substrate.

Low temperaturedecayof Al-Be solidsolutionmayproceedin conditionsof irradiationby fastparticles
(for example,in nuclearreactor).Theseprocessesaresimilar to low temperatureagingof metalalloys
andsolid solutions.Thestochasticriseof nucleationcentersof new eliminatedphasestakesplace.This
caseis differedfrom two previousonesandcorrespondsto relaxationof two structureswhichcameinto
contactwithoutgrowth of layersstepby step.

We usedpotentialfunctionswhich wereobtainedby ab-initio method,but appliedthemto calculations
of realAl-Be interfacestructureby usingclassicalMD scheme.Thecalculationschemeallows to inves-
tigatebothinterfacefeaturesandbulk properties.

It wasestablishedthatat the£rststagesof Al (Be) layersgrowth on theBe(Al) substratetheboundary
disorderedphase(BDP) arises.Themixing of Al andBe atomsin theBDP is observed.Thedegreeof
boundarydisorderdependsonthetemperatureconditionsof Al-Be interfaceformationandonthenature
of substrate.Weobtainedessentiallydifferentcharacteristicsof microstructureof Al-Be interfacefor the
depositionof Al layerson Besubstrateandfor thecontrarycase.

In thecaseof thelow temperaturedecayof Al-Be solidsolutionundertheirradiationby fastparticlesthe
interfacelayers,asa rule,aremorehomogeneous.Weobservedtheclearlyexpressedislandstructureof
Be layersin theAl – Be interfaceregion. In othercasestheinterfacelayersalsowereinhomogeneous.

SomeBeatomsfrom theboundarylayerspenetratethroughtherestoredAl planesandappearat thelarge
distancesfrom the boundaryin the Al lattice. In consequencethe densityof Be atomsin the interface
region decreases.

SomeAl atomspenetrateto the£rstlayersof thesubstrate.Approximately5%of Be atomsarefoundin
thenearestlayersof Al. Sotheformationof thin eutecticlayersin aboundaryregion takesplace.

Theasymmetryof BDP relatively theboundarymaygive informationregardingthenatureof substrate
in theAl-Be systemandaboutthemechanismof Al-Be interfaceformation.
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We study hydrogenat Mbar pressuresusing semi-quantal“Wave-Packet-Molecular-Dynamics” simu-
lations, in which the electronsare representedby anti-symmetrizedGaussianwave packets described
by parameterswhich follow a pseudo-Hamiltoniandynamics.With this methodwe cansimulateup toå þ �����

electronsandthesamenumberof protonson anordinaryPC,andabout
å þ �������

electrons
ona parallelcomputer.

In our modelwe describetheprotonsclassically, i.e. by thepositions
�ê�� andmomenta

�ý�� in a periodi-
cally continuedboxwith boxlength	 , whereastheelectronsarerepresentedby a

å
-particleSlater-sum

 <� �� � ñ �L�L� ñ �� ï �Í÷ �å�

det���� � ���

sgn�Gûk�
ï
Ç ö � � ��� �

�� Ç � �
Here,

ê
is thesetof permutationsof order

å
, andO is theoverlap-matrixn w�� ÷�� � w  � � µ �

For theone-particlewavefunctionswe makeanansatzof periodicGaussianwavepackets[1]:

� Ç � �� Ç ��� �t ��� ´ UL��� � ur�O íÇ û ¬³�� �� O Ç � �� Ç � �² Ç � �y�	�� í û ¬ �³ Ç � �� Ç � �² Ç � �y 	{� �
with the8 variationalparameters! �² Ç ñ �³ Ç ñgO Ç ñ�³�� � " .

For a given Hamilton operator
�� , one can derive the time evolution of the systemfrom the time-

dependentvariationalprinciple[2]

ú �Ð Í g¬ ïï 5 � ��  | Zµ$# 5 ÷ � �
Thisresultsin equationsof motionfor thevariationalparameterswith apseudo-classicalHamiltonfunc-
tion %é÷&�Ð � ��  | Zµ �
This methodallows to simulatehydrogenat densitiesof theorderof thesolid-statedensityandvarious
temperatures,covering the wide rangefrom a molecularsolid state,over a liquid up to a fully ionized
plasma.Fromthesesimulationsweextractpressure,paircorrelationfunctions,autocorrelationfunctions
of currentandvelocityaswell astheresultingtransportcoef£cients.Our resultsarein quitegoodagree-
mentwith bothexperimentsandothertheoreticalapproaches.

References

1. M. Knaup,P.-G. Reinhard,andC. Toepffer, “WavePacket MolecularDynamicsSimulationsof Deuteriumin theRegion
of LaserShock-WaveExperiments”, preprint2000,to be publishedin Contrib. PlasmaPhys.(proceedingsof PNP-10,
September2000)

2. P. Kramer, M. Saraceno,“Geometryof theTime-DependentVariational Principlein QuantumMechanics”, LectureNotes
in Physics140,SpringerVerlag1981

A49



Justi£cationof the ”net” model for a high-contrast structur e
and its application to randomly £lled composite

Berlyand L.V.
�

and Kolpakov A.G.í`
PennsylvaniaStateUniversity, StateCollege, USA

N
SiberianStateUniversity of TelecommunicationsandInformatics,Novosibirsk,

Russia
7-3832-665280,fax7-3832-661039,e-mailagk@neic.nsk.su

We considerLaplasequationin thedomainwith the large numberof small absolutelyconductingran-
domlydistributed£llers.It is amodelof capacitorwith compositelayer£lledwith particleshaving large
dielectricconstant.Onethemethodto analyzesuchtheproblemis thereductionof theoriginal problem
to a ”net” model.Themethodproposedin [1] usesthecontinuummodelof medium.In practiceweusu-
ally dealwith themixturesformedfrom homogeneouscomponentsandit is impossibleadoptthemodel
[1] to describesuchkind media.

Formulationof theproblem. In thedomainýÇ÷�· � � ñ � ¸��¹· �'	®ñ�	k¸ thedisks ò Ø ñ|¬ ÷ � ñ � � � ñ å of theradiusê aredistributedin a randomway; (§÷§ý�P'Å)(«Ø . Considertheproblem

����÷ � in ( ô ; �2�����:÷ 5 Ø on ò<Ø ; *,+.-��)y{>@��÷ � ñ|¬ ÷ � ñ � � � ñ å ; �����tñL½ � �:÷0½ � ñdïJ�2($ïJy{�G½'	Íñ|���Í÷ � .
Theeffective conductivity of the£lledmediumis de£nedas ��÷0� � ( � 	{� / ö10 � �)y{>L� .

The”net” (£nite-dimensional)model. The¤ux betweenthepair of disks(¬�� 5�2 andÌ�� 5�2 ) is equaltoë Ø43 � 5 Ø � 5 3 � , where ê<( ú Ø53 , ú Ø53 is thedistancebetweenthedisks[2]. Weobtainthenet � Ø ñ 5 Ø ñ1ë Ø43 F|¬�ñ|ÌJ÷� ñ � � � ñ å , where�1Ø arethenodes(correspondingto thedisks)and
5 Ø arethepotentials,which satisfythe

equations(the”net” model)

ë�Ø53=� 5 Ø�� 5 3@�:÷ � ñ|¬$ h F 5 Ø ÷0½ � ñ|¬ Cä 0 (
h

meanstheinteriorand ä 0 meanstheboundarynodes).

Theorem. Theeffective conductivity � hastheorderof ê<( ú as ú è �
, where ú ÷ � ¯=� ú Ø43 and

� ¯@�
is takenfor theneighbordisks.Theleadingtermis expressedthroughsolutionof the”net” modelin the
form �ü÷ � (Tr ë�Ø53Ò� 5 Ø1� 5 3=� í .

Therelationwith theearlier models. In [2] aperiodicstructureof theconductingdiskswasanalyzedand
theorder ê<( ú waspredictedfor theeffective conductivity.

Thenumericalinvestigationof the”net” model. Weusethediscretenetwork to compute� numerically.
Wecomputethedependenceof � onthevolumefractionof theinclusions

W
for monodispersedcompos-

itesandobtainedresultswhich areconsistentwith thepercolationtheorypredictions.For polydispersed
composites(randominclusionsof two differentsizes)thedependence�«� W � is not simpleandis deter-
minedby therelative volumefraction

W76
of largeandsmallparticles.Someresultswill bepublishedin

[2].
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The microscopicalmodelof phaseequilibrium in a systema solution- melt Ga-P- solid phaseis de-
signed.Thenumericalanalysisof modelon a computerwith useof a methodof moleculardynamicsis
conducted.In thebasisof themodelthereis a ¤uid systemof 2500atomsof gallium and500atomsof
phosphorusplacedin acubewith thesizeof anedgecalculatedfrom therealdensityof thesystem.The
uppersideof thecubeis re¤ecting.On lateralsidestheperiodicalconditionsareused.Thelower border
representsa potentialbarrierwith analtitudeE1 on thesideof a liquid andaltitudeE2 on thesideof a
crystal,andE2 . E1.E1 andE2areactivationenergiesof surfaceatomsof thecrystal.

Theinteractionbetweenparticlesis describedby apotentialof Lennard-Jones.For calculationof forces
betweenparticlestheVerletalgorithmbasedon thenumericalsolutionof Newton equationswasused.
For optimizationof calculationwe de£neda matrix of the nearestneighbours,which are taken into
accountduringcalculationof interparticleinteractions.Thematrixof theneighboursis renovatedin each
15 timesteps.Onestepis equalto 10-15s.Thesurfacediffusionwastakeninto accountat simulation.

The dependenceof quantity of desorbedatomsfrom the substrateon a potentialwell depthE2 and
of adsorbedatomson E1 on the liquid - crystalborderis investigated.The exponentialnatureof the
dependenceof adesorptionfactoron awell depthE2 is established.

Furtherwe intend to substitutethe potentialwell on the lower liquid - crystal borderfor the atomic
structureof acrystalGaP.

A52



The spinodalof the overheatedsolid

Maxim N.Kri voguz
MoscowInstituteof PhysicsandTechnology, Institutskiiper. 9, 141700,

Dolgoprudnyi,Russia

e-mail:maximian@mail.ru

Consideringtheprocessessuchaselectricalexplosionof theconductors,whenthetimesof theenergy
input aremuchsmallerthenthecharacteristictimesof thermalexpansion,the solid canbe overheated
into themetastableregion[1]. Theoverheatingof thesolidsof differentchemicalcompoundwasactually
observedexperimentallyin pulsedmode[2, 3] in accordancewith thetheoreticalviews.

In analyzingthe possibilitiesof overheatingthe informationaboutthe spinodal,i.e. the ultimateover-
heatingis required.The spinodalis the locusin P-V-T coordinates,which correspondsto the limit of
thermodynamicstability. Thecriteriaof thermodynamicstability is �VïKý'($ï W � � % � . Thepointsin which�VïKý'($ï W � � ÷ � form thespinodal.

Thespinodalof thesolid, like otherphysicalor chemicalpropertiesof a macrosystem,canbeobtained
by usingthemethodsof computersimulationproceedingfrom theintermolecularpotentials.In thiswork
themoleculardynamicsmethodof computersimulationswasusedto obtainthecurve of thespinodal.
Thesolid wasconsideredasa systemof particles,which interactwith eachotherby meansof thepair
potentialof ”soft spheres”Û ÷ Õ �Gûk(T²I�÷t . The periodicalboundaryconditionswereusedto eliminate
the surfaceeffects.The uniformity of the potentialasthe function of distanceallowed to carry out all
thenumericalcalculationsin thedimensionlessvariables8 ÷Ã� å ûAö
( ¡ � W �G�GÕ (�ðÐlX� ö�9Gt�ñ�: ÷§ý W ( å ðÐl ,
regardlessof thevaluesof theparametersÕ+ñLû of thepotentialof ”soft spheres”.

Theequationof stateof thesolid in thefar metastableregion wasobtainedin thecomputersimulations.
Thespinodalwasderivedastheextrapolationof thenumericalequationof stateto theregionof ultimate
thermodynamicstability. Thesimulationswerecarriedout for differentpowersof soft-spherepotential.
Thenumericalvaluesof theparametersof thepotential,given in [4], allowed to build thecurve of the
spinodalfor somesolid metalsin P-V-T coordinatesandto plot it to the real phasediagram.Also the
resultsof simulationandtheresultsof [5] for the¤uid-solidtransitiongaveultimateoverheatingof some
solidmetals,whicharein accordancewith theexperiment.
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One of the main challengesin useof moleculardynamicstechniquefor simulatingmacroscopicbe-
haviour of materialsis that all regular particlespackingsproducecomputermaterialswith anisotropic
mechanicalproperties.If generallyit is possibleto chooseinterparticlepotentialsto obtain isotropic
conditionsfor elasticmoduli, thereis no way to satisfy isotropicconditionsfor inelasticandstrength
propertiesof the materials.This canbe the reasonwhy moleculardynamics,which is very successful
in modelingcrystallinematerials[1], still haslimited applicationsin thecaseof homogeneousisotropic
solids.

Thereareseveralapproachesallowing bypassthis problem.Useof particlesmixturewith varioussizes
andpotentialsallows obtainingisotropicmaterials.Unfortunatelythis techniquecannot be usedasa
generalpanaceasincethe nonhomogeneityof the materialdoesnot disappearfor high temperatures.
Thatis why suchmaterialsbehave like glasseswithout cleardifferencebetweensolidandliquid phases.
Anotherapproachis to constructpolycrystalparticlepackingswith randomdistributionof themonocrys-
tal grainsorientations.This methodcanproduceisotropiccomputermaterials,whichcansatisfyto very
wide rangeof mechanical,thermodynamicandphysicalproperties.Obviously this techniquerequires
muchmorecomputerresources,sincetheelementaryvolumeis now themonocrystalgrain,containing
itself hundredsof particlesat least.Thereforethefull-scaleusethepolycrystalcomputermaterialswas
startedonly recently, following thesharpincreasein thepower of themoderncomputers.Theinterestto
thesimulationof thepolycrystalswasincreasedalsoby therecentdiscoveriesthatthematerialswith the
crystalgrainsof the nanometerscalerangepossessuniquemechanicalandphysicalproperties.These
resultsstimulatedmoleculardynamicsaidedresearchin theareaof nanocrystalmaterials[2].

In the presentedpapercomputerconstructingof polycrystalmaterialsvia moleculardynamicsis con-
sidered.Two differenttechniquesfor obtainingcomputerpolycrystalsarepresented,namelymeltingor
compressiontechniques.In themeltingmethodthe initial con£gurationof theparticles(couldbesome
monocrystalpacking)is subjectedto strongheating.Heretheheatingmeansthatarandomcomponentis
addedto thevelocitiesof all particles,andtheseadditionalvelocitiesarehighenoughto breakthecrystal
structureof thematerial,sothatmeltingof thesolidstructurecanbeobserved.Afterwardsthematerialis
subjectedto aslow cooling(theenergy is removedfrom thesystemby meansof weakdissipationforces),
resultingin polycrystalmaterialpacking.Thesecondtechniquefor polycrystalcreationis compression
of the mixture of monocrystalgrains,obtainedbeforehandfrom the condensationof vaporizedmedia.
Mechanicalpropertiesof thepolycrystalsobtainedby thesetwo techniquesarecomparedusingvarious
computerexperimentsincludingstrongcompressionandimpactloading.Theresultsarealsocompared
with thesimilar computerexperimentsperformedfor regularparticlespackings[3], [4].
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In recentyears,new experimentaltechniqueshaveopenedtheveryinterestingregimeof strongelectronic
excitationsin clusterswhich areinducedby intensive shortlaserpulses.Oneof themostpowerful ap-
proachesto describetheinteractionof atomicclusterswith electromagnetic£eldsis thetime-dependent
density-functionaltheory[1], thehighly ef£cientlinearizedversionof whichis widely usedfor weakper-
turbations.However, thedensity-functionalformalismin itself is a nonlinearnonperturbative approach
suitablefor studyingstrongelectronicexcitations,too. This report presentsdensity-functional calcu-
lations of the valenceelectronemissionfrom sodiumclusterscontaining8, 20, and 40 atomsunder
stronglaserpulseswith peakintensitiesof

��� � í � ��� � a BH( ��� í , timedurationof 10 - 200fs, andphoton
energiesof 1.0 - 3.5 eV (with the meshwidth of 0.05 eV). The computationswereperformedby di-
rectnumericalsolutionof thetime-dependentKohn-Shamequationwith thelocal exchange-correlation
potential.The clustersare simulatedby jellium spheres.The initial stateis borrowed from the self-
consistentdensity-functionalcalculationof theground-stateproblem.Thesphericalsymmetryis retained
in thetime-dependentstudyvia theaverageof theeffective potentialover angularvariables.Thespher-
ical modellimits theinvestigationto single-particleexcitationsseparatingthemfrom thedipolesurface
plasmon(which is alsoexcitedin thevisiblepartof theopticalspectrumandcancausetheelectronicau-
toionization).Theemissionis evaluatedthroughthenumberof valenceelectronsescapingfrom asphere
of radius1.5ê ( ê denotesthe clusterradius)aroundthe cluster. A heavy dependenceof the electron
responseon clustersize,intensityandtime durationof light pulsesis obtained.The electronemission
markedlydecreaseswhenthelight intensityis reducedeventhoughthepulseenergy is conservedthrough
therespective increasingof thepulseduration.By this is meantthattheef£ciency of thecluster-laserin-
teractionis essentiallydictatedby thepulseintensityinsteadof thepulseenergy. Thedependenceof the
electronemissionon thepulselengthis signi£cantlyweaker thanon thepulseintensity. With increasing
clustersize,theelectronemissionrises.Theemissionspectrafor differentclustersunderthesamelight
pulsescomeclosetogetherif thespectraarenormalizedto clusterradii squared.Thestrongestelectron
escapeoccursin theregion between2 and3 eV. With increasingintensityand/ortime durationof laser
pulses,themainpeaksin theelectronemissionspectraareenhanced,blue-shifted,andcomplicated.The
blue-shiftis connectedwith thecouplingof theover-the-barrierionizationto thesinglephotonresonant
absorption.Duringthecluster-pulseinteractiontheover-the-barrierionizationstartsprior to theresonant
oneandleadsto thedepressionof one-electronenergy levels aswell asto the increaseof thedistance
betweenthe levels,asa resultof which the resonantabsorptioncomesaboutat higherphotonenergies
thanit follows from the ground-stateenergy spectrum.The complicationof electronemissionspectra
with increasinglaserintensitymaybecausedby theenhancementof themultiphotonionization.A great
increasein the kinetic energy of electronskeepingin the clustersis alsodetected(that caninvolve the
subsequentthermalelectronemission).

Thiswork wassupportedby RFBR(GrantsNo.99-15-96028,00-03-33043).
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N
Centerfor NanoandMolecularTechnology,

TexasmaterialsInstituteandDepartmentof chemicalEngineering,
TheUniversity of Texasat Austin,Of£ceNumberCPE-5-404,

Austin,Texas78712-1062

52-53297342,52-53297245,h b liu@yahoo.com

Nanotechnologyhasbecomeoneof the most importantgoalsof the materialsciencesapplication,the
stability of systemsandthe possibility to changetheir con£gurationsareinvolved in the manipulation
methodsfor new devices,sincethepioneeringwork of Wheeten[1], Andres[2] andIjima, who have ob-
tainedwell de£nedsystemsusingpassivating agentto control thesizeandmorphologyin orderto use
the resultingself-assembledarraysand the particularnanostructurepropertiesin nanoelectronicsand
nanophotonics.Thestructuresandstructuralevolutionsaswell astheir relatedbehaviors andproperties
have fascinatedscientistfor many years.Marks (1994)[3] andWang(1998)[4] contributedan incisive
and comprehensive reviews elucidatingthe progressin these£elds,the latter paid much attentionto
passivatedclusters.Much progresshasbeenmadeeitherin the unexpecteddiscovery of noncrystallo-
graphicstructuretypes(multiply twinnedparticles(MTPs): icosahedraandtheso-calledIno andMarks
decahedra),or in structuraltransitions(shape¤uctuations,quasimelting,melting[5].

In ourstudywestressthefollowing factors:typicalsimplemetal,intermediatesize,multitwinedstructure,
andthermodynamicpropertiesaswell asdynamicbehavior. We considerthatour work will beof help
for theresearchin thin £lm growth, cluster-assemblingmaterialsandotherfundamentalstudiesfor the
developmentof nanotechnologies.

TheMD simulationswereperformedusingXMD developedby Prof. J.Riffkin, Centersfor Simulation,
Universityof Connecticut.Gupta-like potentialwasusedto describethe interatomicinteractionamong
sodiumatoms.In all thesimulationsreportedhere,a time stepof 5 � 10

	k� Ý secondwasused,which is a
fairly smallvalueasconsideringthetemperatureof 0K. It is rathernecessaryto ensuretheaccuracy of
energy calculationduetosmallenergy differenceamongdifferentisomers.Meanwhile,longruns,usually
2 � 10Ý time steps,areadoptedin orderto obtainfully relaxedcon£gurations,after that theequilibrated
nanoclusterswereheatedattheheatingrateof 5 � 10

� í K/s.Thisorderof heatingrateis toolargefrom the
point of view of experiment,but it will not causea largeamountof overheatingin computersimulations
accordingto ourpreviousresearchwork.

Themoleculardynamicssimulationresultsshow relativestabilityorderamongcuboctahethedron,icosa-
hedron,decahedron,Marks decahedron,deeplytrancateddecahedron,roundedbcc clusterfrom small
sizeto intermediatesize.Someroundedbcc clusterswasfound quasimeltingat groundstate.Melting
behaviors of differentclusterswasfeatured,somerelationshipon multiscalefrom small clustersto the
intermediate-sizedall theway to thebulk wereattemptedto establish.
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Formationof thin £lmsin theprocessof depositionandaggregationof particlesonasubstrateis of great
importancefrom fundamentalandengineeringpointsof view [1]. A large amountof work dealing=
with dynamicalscalingof surfaceevolutionhasbeenalreadydone,but there= alsoexist largeinterestin
studyingmorphologyof deposits,their fractal,percolatingandhydrodynamicalpropertiesandelectrical
conductivity = [2, 3].

The aim of this work is to study the percolation,scalingand fractal propertiesof the discontinuous
£lms formed in one-dimensionallattice modelsimulatingballistic depositionof conductingparticles.
The problemof percolationis well studiedfor randompercolationin = lattice andnon-latticesystems
[4]. But themainfeatureof themodelunderconsiderationis in introductionof thedirectedgrowth into
percolationproblem.

Themodelis basedonthestandard
� û � dimensionalballistic= depositionmodel[1]. All theparticlesare

assumedto beconducting.Particlesarerandomlydepositedandaggregateupon£rstcontactwith clusters
in thesitesof a squarelattice.A substratelength 	 vary = from r � to

�������
. Theplanarandnonplanar

substrateswith initial = roughnesswerestudied.The initial roughnessis assumedto be Gaussianand
characterizedby a valueof heightdispersionû for nonplanar= case.The resultswereaveragedover
the

�������
different con£gurations.The clusterswere labeledusing Hoshen-Kopelmanalgorithm with

periodic= boundaryconditionin lateraldirection.

The analysisof the percolative structureof depositswasdonefor = differentvaluesof û and 	 . The
percolationconcentration³xÎ = follows theusualscalingrelation³xÎô÷0u$ò�³�>Î ûZ¯�	 	�� 9 � , where= ³�>Î is a
percolationthresholdfor anin£nite( 	¡è[& ) system,̄ is a constantand i is a scalingexponent.For a
planarcase( û5÷Ãu$ò � ) wehaveobtained³ >Î ÷Ãu$ò � r@? � ½ � � ����� and iE÷Ãu$ò � � �Tr�½ � � ��� . Theobtained
valueof thecorrelationlengthof thescalingexponentis iE÷¥u$ò � � �Tr�½ � � � ÿ , whichdifferssubstantially
from the known valuesfor randomand directedpercolation[4]. It was shown that the width of the
percolationdepositgrows with the systemsizeincrease,approximately, following the logarithmiclaw2 � �BA 79�C	{� . Theeffectof theinitial substratenonplanarilyis alsodiscussed.Wehave observedincrease
of i anddecreaseof ³ >Î with increaseof theinitial roughness.In a generalcase,thepercolationcluster
is not anisotropicfractal,but a scalingrelationbetweenthemassandthesizeof aclusterwasobserved
in thelongitudinaldirectionof theclusterwith theeffective fractaldimensionòø÷0u$ò � � r�rX½ � � ��� .
So,thepercolative, scalingandfractalpropertiesof conductingdepositsfor

� û � ballistic modelwere
studied.It wasassumedthatthis modelbelongsto a new classof universalityof thedirecteddeposition
percolation.
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Metal-ceramicinterfacesplayaprominentrole in avarietyof technologicalapplicationsthatrangefrom
electronicdevicesto protective coatingsandhigh-temperaturestructuralcomponents.Thefunctionality
of thesesystemsdependscrucially on theirmacroscopicpropertiessuchasfracture,yield, andelectrical
conductivity. Thesepropertiesarestronglycorrelatedwith microscopicdetailsof themetal-ceramicin-
terface,suchasbonding,chemistry, diffusion,andstructure.Correlatingmacroscopicpropertiesto the
structureandchemistryof interfacesis oneof themostintriguing topicsin materialsscience.

Atomisticsimulations,suchasMolecularDynamicsor MonteCarlopermitthecontrolledstudyof these
systemsat theatomisticlevel for a large numberof atomsandfor large structures.However, the main
limitation to suchsimulationsis thelack of appropriateinteratomicpotentialschemeswhich canmodel
both metallic and ionic bondingacrossthe interface.Nevertheless,simpli£edmodelscan be usedto
obtainbasicqualitative insightsinto theproblem.

In this studywe explore structuralcorrelationsat a metal-ceramicinterfacewith MolecularDynamics
simulationsof a modelaluminiumsystemwith the Ercolessi-Adamspotentialandup to 4320atoms.
Several rows of substrateatomsare pinnedto equilibrium crystallinepositionsto mimic a rigid ce-
ramicsubstrate,andtheremainingaluminiumatomsform a liquid metalwhoseatomsarefreeto move.
The densitypro£leand inplanestructureat the interfaceare investigatedfor different interfacecrys-
tallographicorientationsandtemperatures.An exponentialdecayof the densitypro£lewasobserved,ä1����� Ñ¥U 	7D�E , leadingto thede£nitionof Ü asa quantitative measureof theorderingat the liquid-solid
interface.We£ndadirectcorrelationbetweentheamountof orderingin theliquid phaseandtheunder-
lying substratestructure.
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Amorphousstructuresarecharacterizedby thehigh degreeof shortrangeorderandtheabsenceof long
rangeorder. In amorphousstructures,thebondlength,thenumberof nearestneighbouratoms,andthe
anglebetweeenadjacentbondsarecloseto thosein crystallinestructures.

Therearevariousmethodsto obtainamorphouscarbonfrom diamondor from graphite.Two speci£c
amorphousforms of carbonmay be obtained:the diamondlike amorphouscarbon,which will be de-
notedby ta-C, andgraphitelike amorphouscarbonnameda-C. Thesetwo structurescanbedistinguished
clearlyby theirmacroscopicandmicroscopicproperties.Theformeris ahardanddensematerial,mostly
madeof distortedspö sites,while thelatterhasa lessdensestructureandmainlyconsistsof spí sites.

We apply a tight-bindingmoleculardynamicsmethodto investigatethe characteristicsof ta-C anda-
C solids.Themethodincorporateselectronicstructurecalculationsin themoleculardynamicsthrough
anempiricaltight-bindingHamiltonian,andbridgesthegapbetweenab initio moleculardynamicsand
simulationsusingempiricalclassicalpotentials.

The ta-C anda-C networksareobtainedby quenchingor annealingof liquids of variousdensities.The
£rstpeakof theradialdistribution function is very sensitive to therelative concentrationof sp,spí and
spö bonding;that is in goodagreementwith work of WangandHo [1].

Dopingby ion implantationin diamondmayresultin graphitizationandgiveriseto theonsetof electrical
conductvity, due to the ability of carbonatomsto form the two typesof bonds.Inreaseof electrical
conductivity associatedwith thecreationof graphitelike pathways,i.e.,with transformationof spö to spí
bonds,wasobservedby PrawerandKalish [2] andinvestigatedin computersimulationsby Saada[3].

The purposeof this study is to understandthe conditionsof graphitizationof diamondat the surface
betweenacrystaldiamondlayerandanamorphouscarbonlayer. Theradialandangledistribution func-
tions,thestatisticsof threefoldandfourfold bonds,aswell asthedepthof thebandgaparestudied.
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Melting is thefundamentalprocessin which a crystalundergoesa phasechangefrom a solid to a melt.
Understandingthis processis still a challenge,despiteits commonoccurrence.For instance,mosttheo-
reticalmodelsdonot takeninto accounttheeffectsof latticedefects[1]. It is not feasibleexperimentially
to directlyobserve themeltingprocesson theatomiclevel. In contrast,theroleof vacanciesandintersti-
tials in crystalmeltingcanwell bestudiedby meansof simulations.

The in¤uenceof point defectson the shearelasticcoef£cientsof fcc metal copperwasexaminedby
meansof MD simulations[2]. A phasediagramof themelting temperatureasa functionof thedensity
of point defectswasestablished.It is turnedout, that crystalcontainingno freesurfaceundergoesme-
chanicalmeltingasa resultof thevanishingof m ]t÷3�Gm �G� �Ím � í �G( � , whenits speci£cvolumereaches
acritical valueequalto thevolumeof theliquid phase.This volumecanbeattainedeitherby heatingof
thecrystalor by increasingthenumberof its pointdefectsat constanttemperature.

In the exampleof the copperfcc crystalwith a free surface,the melting processstartsto nucleateat
thesurfaceat thermodynamicmeltingtemperature(which is alwaysbelow themechanicalmeltingtem-
perature).It wasproposedthat themechanismof meltingat thesurfaceis thesameasin thebulk. The
differencebetweenthesurfacemeltingtemperatureandthebulk meltingtemperatureis explainedby the
higherlocaldensityof thepoint defectsat thesurface.

It wasnot clear if thoseresultswerespeci£cto the fcc structureof copper. Therefore,in the present
project,the melting of the vanadiumbcc crystalwasstudiedusingmoleculardynamics.An EAM po-
tential for vanadium,proposedby AdamsandFoiles [3], wasappliedto investigatethebulk solidsun-
dervarioustemperatureandpressureconditions.A canonicalensemblewassimulatedby meansof the
Nose-Hoover algorithm.TheParinelloRahmanalgorithm[4] hasbeenusedto simulatean isothermal-
isotensialensemble,whichdescribesasystemunderconstantstress.
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Someyearsagoin work [1] a new methodfor sequencedesignof copolymerswith specialfunctional
propertieswasproposed- thesocalledconformation-dependent sequencedesign.Thatmethodwasreal-
izedin computersimulationsfor severalproblems:designof sequencesfor protein-like AB-copolymers
(i.e. copolymers,for which favorableglobular stateshows microsegregation in densecoreof A-units
andshellof B-units),for AB-copolymerstunedto adsorptionon a plansurface,for ABC-globuleswith
compactcenterof C-units,etc. (see[2]-[3]). Being preparedaccordingto this schemecopolymersare
ableafterwardsdemonstratesomefeaturesof parentconformation.Nowadaysa theoreticaldescription
of thatmethodis underconstruction.

In this work we proposefurtherinvestigationof this approachandoffer sequencedesignmethodtaking
into accounttime evolution of thesystem.Thuswe suggestmorerealisticalgorithmfor conformation-
dependentsynthesis,which canbe comparedwith analogouslaboratoryexperiments.Furthermore,we
announcea new computeralgorithm for optimizationof copolymersystems.Suchalgorithm can be
consideredasaroughmodelfor abiomolecularevolutionprocess,causedby simplemutagenesis(amino
asidsubstitutionin DNA).

We useMonte-Carlomethodendbond¤uctuationmodel [4]. We performsimulationson linear AB-
copolymerswith lengthN = 256and1024monomerunits.As thevaluefor characterizationstatistical
propertiesof our sequencewe usethe dispersionof the numberof given type units in the window of
variablelength.For characterizationof propertiesof obtainedcopolymersweusecoil-globule transition
temperature,gyrationradius,etc.

It occursthattakinginto accounttimeevolutionduringconformation-dependent sequencedesignweob-
serve signi£cantchangesbothin statisticalpropertiesof thesequencesandin structuralpropertiesof the
globules.Analogouschangestake placeduringoptimizationprocedureaswell andbring us(hopefully)
to few optimumsequenceswith bestproperties.

Financialsupportfrom INTAS, NATO andRFBRis appreciated.
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The studyof the natureof the DNA denaturationis a long standingopenproblem.Experimentallya
multistepbehaviour in light absorptionas a function of the temperaturewas observed alreadyin the
£fties[1]. Thissuggestedascenariowhichremindsthecooperative meltingbehaviour atadiscontinuous
£rstordertransition,in which thesystemchangessuddenlyits statefrom a doublestrandto two molten
single-strandedchains.

Theearly Ising-like modelswhich wereusedto studythedenaturationtransitioncouldnot evenrepro-
ducea phasetransitionbehaviour, but only a continuouscrossover betweendoublestrandedanddenat-
uratedstate.A £rstre£nementconsistedin takinginto accountthedifferententropicweightsof opened
bubbles,modeledas self-avoiding loops,and doublestrandedparts,modeledas single self-avoiding
walks[3]. In this modeltheself avoidancebetweenbaseswithin thesameloop wastaken into account,
but the other mutual excludedvolume effects were completelyneglectedanda smoothsecondorder
transitionin two andthreedimensionswasfound.

We considera simpli£edmodel wheremany importantfeaturesof DNA, as heterogeneityin the se-
quence,the effect of supercoiling,which cangive rise to structureswith writhes,or the possibility of
mismatchin basepairingsaretotally disregarded,but excludedvolumeinteractionsarefully taken into
account[2]. Our modelconsistsof two interactingself-avoiding walks,correspondingto thetwo single
strands,with thesameorigin ona3dcubiclattice.Eachmonomercorrespondsto abaseandis supposed
to have its complementaryatthesamepositionin theotherchain.Twomonomerswith differentpositions
in thetwo chainsarenotallowedto occupy thesamelatticesite,whereastheoverlapof monomersat the
samepositionis favoredby an energetic gain Õ that representsthebindingenergy. Base-pairmisalign-
mentsareforbidden.Weconsiderthehomogeneouscase,whereall thebindingenergiesareequal.

We studythedenaturationtransitionin this modelusingMonteCarlosimulationsbasedon thepruned-
enrichedRosenbluthmethod(PERM) with markovian anticipation[4] , which is particularlyeffective
to simulateinteractingpolymers.Our simulationsindicatethatthetransitionis of £rstorder(theenergy
densityis discontinuous),but the analogof the surfacetensionvanishesandthe scalinglaws nearthe
transitionpoint areexactly thoseof a secondordertransitionwith crossover exponent Ë¡÷ �

. Numer-
ical andexact analyticresultsshow that the transitionbecomessecondorder if the the self-avoidance
constrainis relaxedor completelyneglected.
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The studyof solvation processesis of considerableinterestto computationalchemistrysincemostof
thechemicalreactionsareobserved in solution.A largenumberof problemson solvationof molecular,
macromolecularandcolloidalcomplexeshasbeeninvestigatedby theintegralequationtheory(IET) dur-
ing lasttwo decades[1]–[3]. Themaingoalof this reportto presentpossibilitiesof theIET for modeling
solvationeffectsin variousmolecularandmacromolecularsystems.A specialattentionis gainedfor sol-
vationof molecularcomplexes.Theproposedmethodtakesaccountfor the relationsbetweenquantum
chemicalandsolvent thermodynamicproperties.This methodis basedon a hybrid approachincluding
quantumchemicalcalculationsandtheintegral equationtheory.

We supposethat theelectronicandthesolventdistributionsarecoupledthroughtheelectrostaticinter-
actionsbetweentheinteractionsitesassignedto soluteandsolvent.Weapplyreference-interaction-site-
model(RISM) to treatmolecularaspectsof solventwithin a reasonablecostof computation.Thelatter
versionof integral equationmethodis widely usedto investigatea wide varietyof processesin liquids,
in particular, to calculatethe local microstructureof solventarounda solvatedmolecularcomplex. The
RISM allows us to calculatesite-sitecorrelationfunctionsand £nd distribution of solvent molecules
aroundthe solvatedcomplex. Thesesolvent moleculesinducean electrostaticpotential,which canbe
calculatedvia thesite-sitecorrelationfunctions.Theabove potentialcanbeconsideredasexternal£eld
actingon the electronicstructureof solvatedcomplex. Therefore,we canuseconventionalquantum-
chemicalmethodsto calculatetheelectronicstructureof thesolvatedcomplex subjectedto theexternal
£eld.The evaluationof the electrostaticpotentialandelectronicstructureis to be optimizedin a self-
consistentmannerresultingin microscopicself-consistent£eld(SCF)calculationsof combinedRISM-
SCFequations.We have appliedthemethodto calculateenergetic andstructuralcharacteristicsof sol-
vatedpositronium,positronandelectronandcomparedtheobtainedresultswith theexperimentaldata.
Theresultsobtainedby usindicatethatalthoughtheabsolutevaluesof energiesof solvatedelectronand
positronium,foundby theRISM-SCFmethod,canbequantitatively differ from theexperimentalvalues,
suchcalculationsareverypromisingfor evaluationof structuralparametersof solvatedcomplexes.
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Proteinfolding posesoneof the most challengingproblemsin molecularbiology and the physicsof
complex systems[1]. Thediffusion-collisionmodel[2] (DC model)depictsthefolding of proteinsasa
seriesof stochasticencountersamongstructuredportionsof theprotein(microdomains)thataggregate
to form thenative structure.Thefocusof thepresentwork is on proteinsthathave secondarystructures
of helicaltype.Herewe proposeto equatethemicrodomainswith stretchesof ø -helicesthatareformed
in theearlystagesof folding [3]. A crucialparameterof the theoryis theprobability that thecolliding
microdomainsarecorrectlyfolded for the collision to be successful.This meansthat the helicesmust
have suf£ciently grown in order to form a stableaggregate.We split the overall folding dynamicsin
two concurrentdynamicalprocesses.Local dynamicstake into accounttheprocessesof nucleationand
elongationof the helices,whereasglobal dynamicsare describedin termsof the DC model. In this
investigationwe make an innovative useof a feedforward neuralnetwork that is originally designedto
predictthesecondarystructurefrom thesequenceof proteins[4]. Theoutputof thenetwork is usedto
locatethemicrodomainswithin theresiduesequenceof theproteinandto modelthekineticsof formation
of helicalstructures.This allows usto gatherthemissingpiecesof informationasto thelocal dynamics
andto eventuallyevaluatetheprobabilityof a favourablecollision.

Our simulationsshow that the DC modelcomplementedby our neuralnetwork-basedprocedureis an
effective tool for thepredictionof folding timesstartingfrom thesequenceof proteins.Ourmodelis also
sensitive to pointmutationsthatsubstantiallyalterthekineticsof folding of theproteinunderstudy.
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ThenonlinearPoisson-Boltzmannequationdescribes,in someapproximation,theelectricpotentialand
charge distribution in colloidal systems.The detailedinformationon the free energy andthe forcesof
interactionwhich canbe obtainedfrom thesolutionsof the equationplaysan importantrole in study-
ing stabilityof colloidaldispersions,formationof colloidalcrystals,membraneseparationprocessesand
other £elds.One of the most intriguing phenomenonis metastablesuperheatedcrystallinestructures
formedby chargedlatex spheresin water. Thestructureanddynamicsof thesemetastablecolloidalcrys-
talsseemsto beaccountedfor by the long-rangeattractionbetweenthe like-chargedsphericalparticles
[1].

Owing to thenonlinearity, Poisson-Boltzmannequationis mostlysolved numerically. A £nite-element
methodwith dynamicalerror estimationand adaptive meshre£nementis developedwith the aim of
investigatingtheparticle-particleandparticle-surfaceinteractionin colloidal systems.

ThestandardGalerkin£nite-elementapproachis usedfor solvingtheequationon a cylindrical domain.
Dueto theaxialsymmetry, theproblemcanbereducedto two dimensions.Othertwo-dimensionalgeom-
etry andboundaryconditionsarealsopossible.Electricalneutralityof thesystemis taken into account.
Quadraticapproximationandsix-nodedtriangularelementsareused.Themeshis a Delaunaytriangu-
lation in eachstepof the adaptive process.The systemof nonlinearalgebraicequationsarising from
the£nite-elementdiscretisationof the initial differentialequationis solved by meansof quasi-Newton
methodwith analyticalevaluationof Jacobian.Thesparsematrix techniqueis usedto reducethemem-
ory requirement.Theresultsof testingcalculationsfor theforcebetweentwo identicalsphericalcolloidal
particlesin a bulk solutionfor thecaseof constantelectricpotentialon their surfacearein accordwith
known results.

Interactionbetweena charged sphereanda plain was investigated.Calculationsshow that a charged
wall canattracta like-chargedsphericalparticlefor somevaluesof theproblem’s parametersalthough
repulsionis acommonsituation.

Computerexperimentswith a geometricallycon£nedpair of spheresconcernthewidely discussedphe-
nomenonof theattractionof two like-chargedsphericalparticlesin a con£nedgeometry[1]. Attraction
wasobserved in the numericalexperimentswithin the framework of the Poisson-Boltzmanntheoryin
[2]. Rigoroustheoreticalanalysispredictspurerepulsive interactionof the particles[3, 4]. Methodof
thepresentwork demonstratestherepulsive interactionin acylindrical domainunderany circumstances
which is in agreementwith theoreticalpredictions.A satisfactory explanationof the phenomenonre-
mainsanunresolvedproblem.
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Macromoleculesexhibit interestingdynamicalandconformationalpropertieson a wide rangeof length
andtimescaleswhicharedif£cultto studywithin asinglemodel.In thecaseof DNA, localcanbestudied
in all atomssimulationswhile large scaleconformationalpropertiesareaccessiblewithin continuum
modelssuchaselasticrodmodelof DNA, donotcareaboutthecompositionaldetailsof thesemolecules.
Thedif£cultywith thisapproachis thatphenomenaonthesewidely differentlengthscalesarenotalways
independent.For example,torsionalstraincaneitherleadto super-coiling or to localdenaturation.

Regardsto our informationsaboutthecon£gurational¤uctuationsof atoms[1] or geometryof chemical
links betweenthem[2], we introducea new schemafor coarsegrainingof themacromolecules.In this
picturemorerigid partsof macromoleculesconsiderasrigid ellipsoidobjectswhich areconnectedwith
some¤exible armsto neighboringellipsoids. Any arm is £xed to its ellipsoid andis recognizedwith
its constantcoordinatesystemin its ellipsoidframe.For thenon-bondedinteractionswe useavariantof
theGay-Bernepotential,while thebondedinteractionsaresplit into anorientationalpartandaharmonic
potential.Threeorthonormalvectorsof arm’s frame(tangent,normalandbinormal)let us to introduce
theorientationalpotentialfor thearmsconnections.Moreover, we considera link point for any arm to
introducethebond¤uctuationpotentialtoo.Theshape,numberof armsandpositionof armlink points
dependon thegeometry, topologyandchemicalstructureof macromoleculesaswell astheir rigid parts
themselves.Thepotentialenergiescanbeexpressedin termsof threedimensionalvectorsandrotation
matrices.This form is suitablefor MonteCarlosimulations.Singularityfreerepresentationof forcesand
torquescanmostconvenientlybeachievedin aquaternionrepresentationwhichis suitablefor molecular
dynamicssimulations.In our model thereis not any restrictionon the numberof armsfor ellipsoids.
Thusthemodelcouldbeusedfor any kind of macromolecules,from simplechainsto highly condensed
systems.

Finally we considertheinverseproblemhow to £ndtheour potentialparametersfrom equilibrium¤uc-
tuationsin all atomssimulationsof selectedpartsof macromolecules.

References

1. N. Bruantetall., BiophysicsJournal77, 2366-2376(1999)
2. M.F. Thorpeetall., Journalof MolecularGraphicsandModeling19, 60-69(2001)

A67



Computer simulation study of irr eversibleadsorption:
coverage¤uctuations

Jordi Faraudo and Javier Bafaluy
Grup deFisicaEstadistica,FacultatdeCiencies

Universitat AutonomadeBarcelonaE-08193Bellaterra (Spain)
Tel: +34 935812878Fax: +34 935812155E-mail: Jordi.Faraudo@uab.es

The irreversibleadsorptionof colloidal particlesfrom ¤uid suspensionsto solid surfacesis a complex
phenomenonof greatinterest.Mucheffort hasbeendevotedto thestudyof theeffectof transportmech-
anismson the adsorptionkineticsandon the structureof the adsorbedmonolayer[1]. Recently, both
experimental[2, 3] and theoretical[4] studieshave analysedthe density¤uctuationsof the adsorbed
monolayer. It is expectedthat thebehaviour of density¤uctuationsrevealsvaluableinformationabout
theadsorptionprocess.In adsorptiondrivenby diffusion,theexperimentalresultsobtainedby different
researchersleadto very differentconclusionsaboutthe behaviour of the reducedvarianceûAí�(G� y{µ of
thenumberof adsorbedparticles[2, 3]. In addition,existing theoreticalresultsarenot applicableto the
diffusion dominatedcase[4]. In this contribution we performa computersimulationstudyof density
¤uctuationsin diffusion driven adsorption.Also, we extendthe mean£eld analysisof Ref [4] to ana-
lyze thesimulationresults.In orderto obtaingoodstatisticsfor û í (G� y{µ we develop cellular automata
simulationswhich arelesstime consumingthanBrownian dynamicssimulations.The simulationcell
consistsof an adsorbingsurfacewith

å / � åIH adsorbingsitesat ¿�÷ �
anda bulk phasediscretized

in a cubic lattice of
å / � åIH � å ç sites.Eachsite canallocateonly oneparticle.At eachtime step,

all diffusing particlesrandomlyselectan adjacentfree nodeandjump to it. Whena particlereachesa
site at theadsorbingsurface,it is irreversibly adsorbedandremainsimmobilizedat this site.Whenall
thesitesat theadsorbingsurfaceareoccupied,thesimulationends.We considertwo kindsof boundary
conditionsat ¿G÷ å ç . The£rstkind of boundaryconditionsis chosento mimic opencell experiments.In
this situation,a constantnumberof particlesy�ñ is maintainedat ¿�÷ å ç at eachtime stepby removing
or addingparticlesif necessary. Also thepositionsof particlesat ¿"÷ å ç

arerandomizedat eachtime
step,so the surface ¿ ÷ å ç

behavesasan equilibrium reservoir with £xed concentration.The second
kind of boundaryconditionscorrespondsto closedcell experiments.At

5 ÷ � , y ú particlesarerandomly
distributedwithin thebulk andno moreparticlesareaddedto thesystemduringthesimulation.In this
case,animpenetrablebarrieris placedat ¿G÷ å ç soparticlesarriving at thisplanearere¤ecteddown.

Theresultsin thecaseof openboundaryconditionsshow that thebehaviour of û í (G� y{µ asa functionof
thedensityof adsorbedparticlesis in agreementwith theextensionto thediffusiondrivensituationof the
mean-£eldtheorypresentedin [4]. In thecaseof closedboundaryconditionsit is observedthat û í (G� y{µZ÷�

(whichcorrespondto aPoissonprocess)for low surfacedensitiesä . Whenä increases,ûAí
(G� y{µ deviates
from

�
dependingon thesizeof thesubsystemsconsidered.As thesizeof thesubsistemsincreases,the

deviation from
�

decreases.Theseresultsarein qualitative agreementwith theexperimentsdescribedin
[2] andcanexplain thedifferencesbetweentheresultsof differentexperimentalsetups.Therefore,our
simulationsclearly show that, in the diffusion dominatedcase,¤uctuationsin the densityof adsorbed
particlesarestronglyaffectedby themacroscopicboundaryconditionsimposedto thediffusionprocess.
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Computersimulationof structureformationof polymersystemshasrecentlybecomethe focusof at-
tentionin physics,chemistry, biology andmaterialsscience.Although numerouscomputersimulation
studieshave thusbeenmadeon structureformationof isolatedchain-moleculesystems[1, 2, 3], little is
known aboutthedetailedmechanismsof structureformationof polymerchainsin solutionat themolec-
ular level. With aview to investigatingstructureformationof polymersolutionsystemsat themolecular
level, we carryout themoleculardynamicssimulationsof a polymerchainin solutionandanalyzethe
formationprocessof theorientationallyorderedstructureof apolymerchain.

The polymerchainconsistsof 500 methylenegroupsandthe solvent moleculesconsistof 3747short
chainmolecules,eachof whichconsistsof six methylenegroups.Theatomicforce£eldusedhereis the
DREIDING potential[4]. At £rst,weprovidearandomlydistributedcon£gurationof apolymerchainin
solutionat high temperature(550K). Thesystemis thenquenchedto several lower temperatures(300,
350and400K).

Our simulationsshow that (1) at higherquenchingtemperature(400 K), a toroidal structureis formed
and(2) at lower quenchingtemperature(350and300K), a toroidalstructureis formed£rst,andthenit
changesinto a foldedorientationally-ordered structure(Fig. 1).

(a) (b) (c)

Fig. 1. Chaincon£gurationof a singlepolymerchain in solutionfor JLKNMPORQ K: (a) at SIKTQ�U Q ns, (b) atS1K)V�UWO nsand(c) at SXKZYPU Q ns.Blackandgrey denotea polymerchainandsolventmolecules,respectively.
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As thefundamentalprocessof structureformationfor shortchainmolecules[1, 2, 3], thecoalescenceof
twoorientationallyordereddomainswereinvestigatedbynumericalsimulation[4]. It wasalsodemonstrated[4]
thatdomainsmove collectively asif they wererigid bodiesin spiteof thenon-bondedshort-rangeinter-
actionpotential(Lennard-Jonespotential)amongchainmolecules.In this paper, dynamicsof domainis
investigatedfor severaldomainsize.Averageangle[ for right or left domainsis plottedfor (61+61)and
(61+29)chain-moleculesystemin Fig. 1. From this £gure,inertiaof domaindependson its size.This
propertyis notsurprising,becausetheordinalrigid bodyhasthisproperty. However, we£ndthatthetwo
casesin Fig. 1 have thesameperiodsof thedomain’s oscillation.This factis notobservedin motionsof
theordinaryrigid body.
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Fig. 1. Time evolution of angles\ for (a) (61+29)chain-moleculesystemand (b) (61+61)chain-molecule
system.
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An orientedcrystallinepolymerwith homogeneouschemicalstructureof typeof linearpolyethyleneis
examined.Modelsof thethermoactivatedslippagesof stressedmacromoleculesandof therelaxationof
localloadsonamorphouspartsof thesemoleculesarepresented.Thecrystallinepolymeris consideredas
two-phasiconewith interchangingamorphousandcrystallineregionsin amicro£brille.For calculations
Frenkel-Kontorova’s solitonmodelis used.In dependenceonexternalloadandamorphousregion length
two casesare realized.The £rst casetakes placewhen the load is moderate.In this casethe load on
the amorphoussectionof a slippedout chainarecompletelyrelaxed andthis sectioncould changeits
conformationstate.In the secondcaseslippedout amorphouspart of a macromoleculeis in strained
statebut its strainis lessthanoneof the macromoleculebeforeits slipping out. The energy activation
dependencieson molecularparametersandthelocal loadaredifferentfor thetwo cases.
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Photosynthesisand respirationare fundamentalprocessesin molecularbioenergetics that are the ba-
sis for life on earth.The whole machineryincludesphotoexcitation, transferof electronsandprotons,
andvariouschemicalreactions.All thesestepstake placein several large integral membraneproteins,
characterizedover thepast15 yearsby X–ray andelectrondiffraction. In this work I focuson thedif-
fusionof cytochromec, a solubleelectroncarrierprotein,betweenthebacterialreactioncentreandthe
cytochrome ª � � complex. The simpli£edprocesscanbe describedas follows: cytochromec startsby
picking up oneelectronat the ª � � complex anddiffusesin solutionto the reactioncentreto deliver its
electron.A realsystemcontainsa largenumberof cytochromec andmembranemoleculesandtherefore
is amany-particlesystem[1].
This projectwill concentrateon studyingdiffusionalaspectsof sucha system.An essentialquestionis:
whatis therateof contactsbetweencytochromec’sandmembraneproteins,i.e.,how oftenis anelectron
picked up anddeliveredto the reactioncentre?Thus,in contrastto oftendonedetailedatomistictreat-
mentsof only a few molecules,I want to simulatemacromoleculardiffusion by modellingthe system
in a moreabstractway, asa collectionof sphericalparticlesor particlescomposedof several spheres
thatmove in thepotential£eldof themembranewith theembedded,immobile,membraneproteins,the
organizationof which canbemodelledusingtheexperimentalresultsin[2]. Thenit shouldbepossible
to learnaboutthe’global’ behaviour of aphotosyntheticsytem.
TheBrowniandynamicssimulationmethodI useis basedontheLangevin equation.Thisequationgives
a statisticaldescriptionon typical Browniantime scalesof 100ps.Thebasiciterationalgorithmwhich
solvestheLangevin equationnumericallyon thattimescalewasdevelopedin [3]. It includescalculation
of theelectrostaticandhydrodynamicinteractionbetweentheparticipatingparticleson eachtime step.
Themosttimeconsumingpartis thecomputationof thehydrodynamictensorinvolved.Furthermore,to
£ndvaluesfor thediffusiontensorelements,it mightbenecessaryto includeexplicit Moleculardynam-
ics simulationsbecauseof themorecomplicatedhydrodynamicinteractionif theproteinsarevery close
to themembranesurface[4]. Thus,I want to developa parallelalgorithmfor a Linux Clusterwhich has
recentlybeensetupin ourgroup.Sinceit is plannedto usetheprogramasamodulefor alargesimulation
packagein thefuture,I choseanobjectorientedapproach.
Theserialcodedevelopedsofar is ableto simulatetestsystemsin a box containingabout100charged
sphericalparticlesattractedby a chargedsurface.
Whereasthe photosyntheticprocessis well understoodon a molecularlevel, thereis a lack of infor-
mationconcerningthe interplayof several partsof a ’big’ system.The aim of this projectis to give a
contribution to theunderstandingof aphotosyntheticapparatusasawhole.
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As it is well known, the DNA macromoleculeis a polyelectrolyte.In a solutionit exists in complexes
with counterions,which,togetherwith hydrationsurrounding,determineits structure.DNA mayalsobea
targetfor anumberof drugsinteractingwith nucleicacidsdueto intercalatingor cationmechanism.Thus
theproblemof mathematicaldescriptionof theDNA interactionwith ligandsis oneof themostimportant
both from thepointsof view of polymerphysicsandchemistryandmolecularbiology. In our previous
works[1, 2] we have shown thatundertheactionof Cu2+andCa2+ionsDNA is ableto transitinto the
compactstatein aqueoussolutionat290C.DNA compactisationmaybebothof intra-andintermolecular
character. Thisprocessis highly cooperative.DNA in thecompactstateremainsin B-conformationlimits
[1, 2]. In thepresenceof alcoholDNA condensationoccursataratherlowerconcentrationof Me2+ions
thanthatof aqueoussolution.In this casebindingconstantsandcooperativity of themetalion binding
riseandbinding isotherms(i.e. dependencesof thebindingdegreer on theconcentrationof freemetal
ionsCf) take a nonmonotonousS-like characterwith metastableandnonstablepartscharacterisedwith
thereversedependenceof r onCf. Suchisothermsfor astableprocessmaybereplacedwith adependence
with a jump alongr, thatevidencesa phasetransition.Thus,theDNA transitioninto thecompactstate
underthe Cu2+ andCa2+ions actionin aqueous-ethanolsolutionsmay take the characterof a phase
transition.But whencalculatingbindingisothermsin [2] wedid not take into accountthedistribution of
valuesalongtheassemblyof DNA molecules.To obtainthemoresequentialthermodynamicdescription
for thesystemof ionsinteractingwith thebiopolymers,in thepresentwork wecarriedoutcalculationsin
termsof themacromoleculestatisticalsum.In this casebindingisothermsarenot nonmonotonouswith
any valuesof bindingconstantsandcooperativity parameters.This is connectedwith thefactthattheuse
of accurateexpressionfor thestatisticalsumleadsto theautomaticful£lmentof all thethermodynamic
inequalities.Thus,on the coil - globule transitionsingle DNA moleculesmay undergo the £rst-kind
phasetransitionwhile thetransitionof theassemblyof DNA moleculesis of sigma-likecharactertypical
of thecooperative andcontinuoustransition.
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Two- andthree-dimensionalstructures] E_^$` canbecharacterizedby thenumbersl � and l í of nearest
andnext-nearestneighborsof the samekind. A small numberof structuresat the borderof the l � , l í
structuremapis stabilizedby enthalpy comparedto anincreasednumberof entropy stabilizedstructures.
About60 three-dimensionalstructureswith l � = 2 nearestneighborsof all A atomsaresuitablefor in£-
nitechainsof polymerslike(CH)> , (CHCHí ) > or (CHí ) > [1]. Thesizeof theunit cell wasincreasedin
asystematicwayandtheA andB positionsoccupiedto amaximumof 50%at r = y/x =1.Thestructures
at higherA contentareidenticalby exchangeof A andB. The lkØ valuesof all A atomswereaveraged
to the l � l í l ö ; y/x valuesof thestructuremap.Thepresentmethodwill beoutlinedin somedetail for
thesquarenetandthediamondlattice(adamantanestructures).Thestructuresl � l í l ö ; y/x with l � =
2 nearestneighborslike 2 0 4; 1 or 2 0 2; 2 of thesquarenet (with l í = 0 next-nearestand l ö = 4 or 2
third neighbors;y/x = 1 or 2) canbeconsideredfor chains(AB) > or (AB í ) > of A atomswith covalent
bondingbetweenA atomsandoneor two B atomssimilar to polymeric(CH)> or (CHí ) > chains.Lowl � andmaximuml í valuescorrespondto repulsive interactions,low l í valuesto attractive interactions.
Most structureswith � Ø = 2 differentvaluesof A andB atomsareat cornersof thestructuremapwith
maximuminteractions.Few otherstructureslike thehomometric2 2 0; 1a andb structures,which are
not on theborderof thestructuremap,do not show maximuminteractions.Theenthalpy is reducedbe-
causeof decreasedlatticeenergy. A largenumberof otherstructures,whicharenoton theborderof the
structuremap,is stabilizedby entropy at increasedtemperatures(disorderedstructures).Polymerswith
variablechainlengthanddefectslike deadendsor vacantpositionsaredisordered.SomeMonteCarlo
simulationsareapproachingtheborderof thestructuremap.

The angleat C atomsin adamantanestructures(a = 109ú ) is morerealisticthan a = 90ú (2 2 0; 1a/b)
or 180ú (2 0 4; 1 or 2 0 2; 2) in thesquarenet.Thevarioushomometricstructurescanbedescribedby
differentdirectionsof thechainasoneproceedsfrom the£rstC at projectionheightz = 0 ([100] square
layers)

down,left,down,left,up,right,up,left 2 4 6 5; 1a(P1̄)
up,right,down,left,up,right,up,left 2 4 6 5; 1b (C2)
up,right,up,right,up,right,up,left 2 4 6 5; 1c (P1̄)
down,left,up,right,up,right,down,right 2 4 6 5; 1d (C2)
down,left,up,left 2 4 6 4; 1 (C2/c)
up,left 2 4 6 6; 1a(Pmma)
up,right,down,left 2 4 6 6; 1b (P4� 22)
up,left 2 2 2; 2a(Imma)
up,up] ,up,right,up,left 2 2 2; 2b (P3� 12).

Theprojectionheightz is decreasedfor thestepsup] of thelaststructure.Thepathwaysareverycompli-
catedandcanprobablynotbeobtainedby MonteCarlomethods.Thelisteddirectionsmustbecontinued
periodicallyfor pathwayswithoutvoidsor deadend.Thehomometricstructureshaveall thesamelattice
energy but differentspacegroups.TheweakinteractionsbetweenC atomsfurtherapartandthecomplex
pathway might give riseto disorder.
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Thedirectcorrelationfunctionis importantin thestatisticalmechanicsof ¤uidsbecauseit is thestarting
pointof many densityfunctionaltheories[1]. While its determinationin computersimulationsfrom pair
distribution functionsis well establishedin isotropicliquid crystals[2], correspondingstudiesof nematic
liquid crystalshave usuallyresortedto theapproximationof ignoringthedirectororientation[3].

In the presentwork, we presenta methodto obtainthe direct correlationfunction of a nematicliquid
crystalfrom computersimulationswithout any approximations:the orientationof thedirectoris taken
fully into account.

As anapplicationof themethod,wecomputethedirectcorrelationfunctionsin theisotropicandnematic
statesof anidealizedmodelliquid crystalof soft ellipsoidalparticlesin moleculardynamicsandMonte
Carlo simulations.The resultsfor the isotropicphaseare comparedwith theoreticalpredictions.The
resultsfor thenematicphaseareusedto calculatetheFrankelasticconstants

ó �G� , ó íVí and
ó öVö ; these

valuesarein goodagreementwith thoseobtainedfrom thesamecon£gurationsby theestablishedmethod
of measuringtheorder¤uctuations[4].
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Recentcomputersimulationson the gel electrophoresisshow that at large electric£eld, the mobility
collapsesto zero[1]; this result is new andintriguing. Herewe proposenew kind of cellular automa-
ton to simulatetransportationof moleculesof DNA throughagarosegel. Two processesaretaken into
account:reptationat strongelectric£eld ð , describedin the particlemodel[2], andgeometration[3],
i.e. subsequenthookingsandreleasesof long moleculesat andfrom gel £bres.Theautomatonrulesare
deterministicandthey aredesignedasto describebothprocesseswithin oneuni£edapproach.Thermal
¤uctuationsarenot takeninto account.Thisapproachis relevantfor large ð�(Tl , wherel is temperature.
The numberof simultaneoushookingsis limited only by themoleculelength.New featuresof theau-
tomatonare:i) thesizeof thecell neighbourhoodfor theautomatonrulevariesdynamically, from nearest
neighboursto theentiremolecule;ii) the lengthof thetimestepis determinedat eachstepaccordingto
dynamicrules.Calculationsaremadeup to

å ÷ �����
reptonsin a molecule.Two subsequentstagesof

themotionarefound.During the£rsttransientstage,initial setof randomcon£gurationsof moleculesis
transformedinto anorderedphase,wheremostmoleculesareelongatedin parallelto the£elddirection.
Suchareorientationis known to characterizethegeometrationeffect [3]. Duringthesecondstage,which
arisesaftersometransienttime, themobility Ô reachesa constantvalue.Then,it varieswith

å
as
� ( å

for longmolecules.Thebanddispersionvarieswith time
5

approximatelyas ¡ 5 . Ourresultssuggest,that
thewell-known plateauof themobility Ô vs

å
[4] doesnothold for asymptoticallylargeelectric£eld.
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Presentresearchis a furtherdevelopmentof a so-calledconformationdependentapproachto sequence
designof AB-copolymersproposedin [1, 2]. We studyby meansof MonteCarlocomputersimulation
theAB-copolymerchainwith primarystructurewhich wasspeciallypreparedon thebasisof particular
spatialconformationof a homopolymerglobule: monomerunits lying in thin cylindrical slicewereas-
signedto beof B type(hydrophobicunits),while otherswereassignedto beof A type(hydrophilicunits)
(Fig. 1). Theideaof such”coloring” procedurewasto createacoarsemodelof syntheticAB-copolymer,
which would mimick somebasicpropertiesof membraneprotein.Propertiesof AB-copolymerswith
differentprimarysequenceswerecompared.

Fig. 1. Preparationof primarysequenceof protein-like AB-copolymermodelingsomepropertiesof membrane
protein.

The chaincollapsefrom coil conformationwasperformedby simulatedannealingmethod.Chainsof
250monomerunitsusinginteractionparameters�?ùcbdb ñ1ù�b1ñ ñ1ù"ñÆñ �:÷Ã�G� � ñL� � ñL� � � wereexamined.

Thepartial restorationof ”parent” conformationstructurewasrevealedafterthechainswellinginto the
coil conformationandcollapsingbackinto theglobular state.B unitswhich werein onehemispherein
”parent” globule staycloseto eachotherandthosefrom differenthemispheresstayfar from eachother.
So,we observed spatialsegregationof monomerunits identicalfrom theviewpoint of interactions,i.e.
segregationis causedby primarystructureof copolymerchain.

Analyzing the sequencesof consideredchainswe give a simple theoreticalexplanationof this effect.
Usingit wehave improvedthesegregationeffectby meansof modifying theinitial primarysequenceof
monomericunits.

Weacknowledgethe£nancialsupportfrom RFBR,from INTAS andfrom NATO.
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Let themonochromaticlight wave propagatesin nematicliquid crystalcoreof roundcylindrical waveg-
uide. The waveguidesurfaceis assumedto be the metallic one.If the light wave is polarizedperpen-
dicular to nematicdirectorand intensityof the light £eld exceedssomethresholdvalue the so-called
light-inducedFrederikstransition(LIFT) takesplaceandnematicdirectorchangesits direction[1]. That
leadsto thechangeof conditionsfor thepropagatinglight wave andasa resultto thechangeof suchits
characteristicsaswave vectorvalue,dispersionlaw, groupvelocity andsoon.We have studiednumeri-
cally thedependenceof LIFT thresholdvalueonthetype(TE andTM) of light waveandits frequency at
thedifferent(planarandhomeotropic)boundaryconditionson thewaveguidesurfaceaswell asdirector
anchoringenergy with the surface.It is shown that LIFT thresholdvalue increaseswith increasingof
light wave frequency for all the typesof light wavesandboundaryconditionsexceptfor theTM-wave
at theplanarboundaryconditionsfor nematicdirector. In lastcasetheLIFT takesplaceonly whenthe
light wave frequency exceededsomecritical value.Both thesingle-modeandtwo-moderegimesfor the
light £eldin awaveguidewerestudiedusingacomputermodelling.In thisconnectionit wasshown that
LIFT thresholddecreaseswith increasingof theportionof light powercontainedin thesecond(with less
valueof wavevector)light modeexceptfor thealreadymentionedcaseof TM-modeatplanarboundary
conditions.Wehavealsostudiedthepossibilityof waveguideblockingfor thelow-frequency light modes
causedby LIFT in awaveguide.
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In biology, physics,andchemistrycommunities,theelectrostaticpropertiesfor structures,bindingphe-
nomena,proteins,andcomplex moleculeshave beenof greatinterestsandstudiesin pastyears.Mod-
elling and simulationfor theseinteractionsplay an importantrole especiallyin biophysics.Just like
varioussemiconductordevice models,suchasdrift diffusion, hydrodynamicandBoltzmanntransport
equationsrequireto solve the multi-dimensionalPoissonequationfor the potentialdistribution, a 3D
linearor nonlinearPoisson-Boltzmannequationshouldbesolvednumericallyfor thebehavior of elec-
trostaticpotentialin molecurebiophysics[1, 2].

In this paper, a three-dimensionalnonlinearPoisson-Boltzmannequationis solved numericallywith
novel parallel£nite volumeandmonotoneiterative methods[3, 4]. The proposedcomputationaltech-
niqueshavebeensuccessfullyimplementedonaPC-basedLinux-clusterwith messagepassinginterface
(MPI). First of all, the Poisson-Boltzmannequationis discretizedwith £nite volume (or called£nite
box) method.This discretizationleadsto a systemof nonlinearalgebraicequationsand it is directly
solvedwith aglobalconvergentmonotoneiterative algorithm.Basedon thestrongnonlinearpropertyof
Poisson-Boltzmannequation,theproposednew iterative methoddoesnot reqeuireaccurateinitial guess
to startthesolutionprocedureandit convergesmonotonically. Furthermore,by comparingwith conven-
tionalNewton’s iterativemethod,thenew methodis easyfor implementation,relatively fasterwith much
lesscomputationtime, andits algorithmis inherentlyparallelin large scalecomputing.Thedeveloped
parallelnonlinearPoisson-Boltzmannsolver hasbeentestedon a varietyof structureproblems,suchas
acetemideandSODenzymeto show theef£ciency androbustness.Achievedparallelspeedupasshown
in thefollowing £guredemonstratestheparallelperformanceof themethod.
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Directsimulationsof highly asymmetricelectrolytes(suchaschargedcolloids)meetsigni£canttechnical
obstaclesrelatedto chargeandsizeasymmetryof thecomponents.Beingoftenunfeasibleby meansof
desktopcomputers,suchsimulationsarehowevercrucialfor assessingaccuracy of approximatetheories
of electrostaticscreeningand colloidal stability. Besides,due to extremely strong interparticleinter-
actionsinvolved, certaineffectscanbe missedby approximatetheories,which disregard correlations
betweensmallchargedspecies.In this contribution we discussrecentdevelopmentsin computersimu-
lationsof highly asymmetricelectrolytes,which arebasedon applicationof theEwald summationand
variousmultiparticlemoveswithin MetropolisMonteCarlomethod.

We presentour new resultsregardingattractionbetweenlike-chargedmacroions,which is inducedby
multivalentcounterioncorrelations[1]. As it wasshown recentlyby meansof MonteCarlosimulation
[2], this attractioncanleadto macroionaggregationandevento phaseseparationin highly asymmetric
electrolytes.Theobservedattractionisveryshort-rangeandishardlyaffectedbyadditionof asimplesalt.
However, our recentstudiesshow that if a suf£cientamountof multivalentsalt is addedthemacroions
getoverchargedandmacroionaggregatescandissolve.

Anotherintriguingandcounterintuitivephenomenonin the£eldof chargedcolloidsis longrangeattrac-
tion betweenhighly chargedcolloidal particlesimmensedin low stregth electrolyte[3, 4]. Thepossible
mechanismsandeven existenceof this attractionand reentrantorder-disordertransitionsin colloidal
suspensionshasbecomea subjectof controversy in literaturefor the last years.Using Monte Carlo
simulationsof electrolyteswith charge asymmetryup to few thousandwe demonstrateexistenceof the
reentrantliquid phasein highly chargedcolloidalsuspensions.Theanomalousphasebehaviour is related
to inhomogeneoussmall ion distribution in the suspensionandcannotbe properlydescribedin mean
£eldtheoriesof electrostaticscreening.
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Sincethe £rst theoreticalstudies[1], the natureof the wetting transitionhasattractedmuch interest.
Onechallengingcharacteristicof this subjectis thatmany of thetheoreticalpredictionshave preceeded
experimentalveri£cation[2]. It is preciselyin this context weremolecularsimulationsmaybecomean
exceptionaltool. Yet, simulationof ¤uidsat interfacesposevery many methodologicaldif£cultiesthat
arebeingsurmountedbut very recently, with theadventof con£gurationalbias,histogramre-weighting,
£nitesizescaling,etc.

In this paperwe report the applicationof a novel approachto the studyof the wetting transitionof a
polymermelt atawall. Weshow thatthewettingtransitionmaybereadilycalculatedusinganextended
grandcanonicalensemble,wherethe strengthof the polymer-wall interactionis considereditself asa
thermodynamicvariable.This allows to calculateright away thefreeenergy differencebetweenliquid-
wall andliquid-vapourinterfacesasa functionof thepolymer-wall interactionstrength.In accordance
with Young’sequation,thewettingtransitionis thenlocatedatthatpointwherethisfreeenergy difference
equalstheliquid-vapoursurfacetension.Weshow thatthesurfacetensionmaybecalculatedin thegrand
canonicalensemblewith out theneedto evaluateexplicitly thepressuretensor. This is accomplishedby
measuringthe activation barrier requiredfor the systemto tunnel from the vapourphaseto the liquid
phase.The pre-wettingline is thencalculatedby monitoringtheprobability distribution of the surface
layer thickness.Above thewetting transition,two distinctpeaksappear, andtheactualpre-wettingline
is locatedby therequirementthatbothpeakshave equalarea.Thepre-wettingcritical point is estimated
using£nitesizescaling[3].

We£ndthattheproposedtechniquesareaveryusefultool for thestudyof surfaceproperties.Thewetting
transitionisobservedto bestrongly£rstorder. Evidenceof averyweak£rstorderdryingtransitionisalso
observed,while thepre-wettingcritical point seemsto conformto the2 dimensionalIsing universality
class.The densitypro£lesandotherstructuralpropertiesarecomparedwith a recentlyproposedself
consistent£eld theory, and good agreementis found. For the surfaceenergies, on the contrary, only
qualitative agreementis obtained[4].
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F-54506Vandoeuvre-lÁes-NancyCédex
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Weinvestigateby extensive MonteCarlosimulationsthecritical propertiesof thebonddiluted3D Ising
model.FromtheHarriscriterion,weexpectastrongin¤uenceof disordersincethespeci£cheatexponentø , which playstherole of thescalingdimensionof disorder, is positive for thepuresystem[1]. To date,
only theIsing modelwith sitedilution hasbeenstudiedin 3D: a new universalityclasshasbeenfound
but thequestionof its stability versusthethedisorderconcentrationis not completelysolved[2], [3]. In
thecaseof thebonddilution,wehavedeterminedthephasediagramof themodelandwehavemeasured,
for threedifferentdisorderconcentrations,thecritical exponentsby Finite-Size-Scalingtechniquesand
temperaturebehaviour [4]. It appearsthat theslight variationof theexponentswith theconcentrationis
dueto thecompetitionbetweenthenew disordered£xedpointandthepercolationone.
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Thestudyof theIsing modelhaslong beenof a paradigmaticvaluefor thestudyof thecritical pheno-
mena[1] and,moregenerally, for thedescriptionof a largevarietyof physicalsituations.Sincethemodel
is (partially) solved only in two dimensionsandfor very specialchoicesof the interactionamongthe
spins,it is customarilystudiedby a varietyof approximatemethodswhich couldbedescribedeitheras
machine-labourintensiveor asman-labourintensiveandhaveboththeirvirtuesandlimitations.Stochas-
tic simulationsaretypicalof the£rstclassof approaches,whereashigh-temperatureexpansionsareprob-
ablythebestexampleof thesecond.Weshallpresentrecentextensionsandanalysesof high-temperature
expansionsfor severalobservablesin variouskindsof three-dimensionalIsing models.Ourwork canbe
usedin £rstplaceto improve theaccuracy in thedeterminationof thecritical parametersandis a con-
tinuationandextensionof that appearedin [2], aswell as in previous papers[3], devoted to the more
general

å
-vectorlatticemodel.Presently, thestateof theart is extremelyadvanced,sothatasigni£cant

additionto the dataalreadyin the literaturemust involve the computationof a hugenumber( þ ���_z
)

of topologicallyinequivalent“renormalized”graphs.The codeswhich implementthecalculationmust
bedevisedandorganizedwith utmostcarein ordernot just to barelyaccomplishtheir task,but alsoto
containtheCPUtime andthememoryoccupation,mainly to leave thepossibilityof furtherextensions
open.
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A perfectlypureexperimentalsystemdoesnot exist, disorderbeinghardly avoidable(as for example
isotopiccompositionof thesample).Systemsundergoing a phasetransitionareparticularlysensibleto
randomness.Thetransitiontemperatureis shiftedandit is well-known sincethepioneeringwork of Har-
ris that theuniversalityclassat a second-orderphasetransitionmaybechangedunderthe in¤uenceof
randomness[1]. First-orderphasetransitionsaresoftenedby randomnessandit wasshown thatthey may
beturnedinto continuoustransitionsfor strongenoughdisorder. AizenmannandWehr[2] provedthatan
in£nitesimalamountof disorderis suf£cientin dimension>"÷ �

to clearany discontinuities.In higher
dimensions,it mayexist a tricritical point in thephasediagramseparatingthe£rst-ordertransitionline
from thecontinuousonein thestrongdisorderregime.Sucha tricritical point hasbeenreportedin the
caseof thediluted3-dimensional3-statePottsmodel,which undergoesa weak£rst-orderphasetransi-
tion in thepurecase.
We investigatethe phasediagramof the diluted 3-dimensional4-statePottsmodelwhich undergoesa
strong£rst-orderphasetransitionin thepurecase.Weusedstandardlarge-scaleMonteCarlosimulations
with clusteralgorithmcoupledto multicanonicalmethodsin theregimeof low dilution wherethetransi-
tion is supposedto be£rst-order. Wepresentstrongnumericalevidencesfor theexistenceof a tricritical
point andwe give anestimatefor its location.Usinga £nite-sizescalingstudy, we estimatethecritical
exponentsin thesecondorderregime.We tried to take into accountcorrectionsto scalingwhich turned
out to be importantandwe showed that they aredue to cross-over effectswith the percolation£xed
point. In contradistinctionwhich wasobserved for the3-statePottsmodel,we reportanestimateof thei exponentclearlydifferentfrom thatof theIsingmodel.
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Thephasediagramsandgroundstatepropertiesof two three-statefully-frustratedPottsmodelsarein-
vestigatedusingnumericaltransfermatrixcalculations:Thepiled-up-dominoandzig-zagmodels.In the
piled-up-dominomodelthephasediagramshows a reentrantparamagneticphase[1].

The piled-up-dominothree-statePottsmodel is de£nedasa three-statePottsmodelon the squarelat-
tice with ferromagneticinteractionsó � all vertical bondsandalternaterows of horizontalbonds.The
remainingbondsareof strengthó í , which will be taken both ferro andantiferromagnetic.Thezig-zag
three-statePottsmodelis de£nedanalogously, exceptthatalternatecolumnsof thelatticearedisplaced
verticallyonelatticespacing,giving azig-zagpatternof ó í bonds.Wede£netheratio ø�÷Çó í ($ó � . These
modelsarenaturalPottsextensionsof thepreviously exactly solvedIsing equivalents[2].

It is shown, usinga mappingto a dimer model, that the ground-stateentropy per spin is the samein
zig-zagIsing andPottsmodelsfor all valuesof ø , i.e. ÀJ÷ �

for øÉ.3� � , ÀÌ÷ � � ������� �L�L� for øÉ%3� �
and À ÷ò¶�(T¾ ÷ � � � ? ��� �L�L� for øæ÷ò� � . The phasediagramcalculatedfor the Pottsmodel,usinga
phenomenologicalrenormalisationgroupcalculation,gives the samequalitative behaviour as the zig-
zagIsing model:The ferromagneticcritical point found when ó � ÷ ó í extendsinto a line of critical
points.Thecritical temperaturedecreasesas ø is reduced,vanishingwhen ø ÷ � � . Thereis no £nite
temperaturetransitionfor øA%0� � .
Theground-stateentropy perspin is calculatedfor thepiled-up-dominoPottsmodelusingtransferma-
trices,andis found to be substantiallyhigherthenfor the Ising modelcasefor ø�÷ � � and ø % � � .
Thephasediagramfor thePottsmodelis qualitatively differentfrom theIsing model:TheIsing model
phasediagramis madeof two critical lines,in theIsinguniversalityclass,onefor ø§.0� � andtheotherø4%�� � . Theparamagneticphaseseparatestheferromagneticphase,øH.�� � , from a partially ordered
phase,ø�%3� � , andboth transitionlinesmeetat a multiphasepoint ø ÷�� � ñ,lõ÷ �

. In thepiled-up-
dominoPottsmodelthe ø�. � � transitionline extendsbeyond ø ÷ � � beforedoublingbackon itself
andagainthetwo transitionlinesmeetat a multiphasepoint ø�÷ � � ñ�l ÷ �

. Theparamagneticphase
is now reentrant,but still separatesthe ferromagneticandpartially orderedphases.The transfermatrix
calculationsshow thepossibilityof anadditionalpartially orderedphase,thoughthis is very speculative
at this stage.

The disorderline for the piled-up-dominoPottsmodel,de£nedas the lines on which the correlation
lengthchangesfrom monotonicto oscillatory, is alsocalculatedusingtransfermatrices.It is foundto be
consistentwith theexistenceof a reentrantparamagneticphase.
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MonteCarlostudyof thedoubleexchangemodelis performedon amassive parallelPCclustersystems
[1]. This model,which hasbeenintroducedto explain ferromagnetismof colossalmagnetoresistance
manganites,dealsstronglycorrelatedelectronsystems.Until recently, it wasquitedif£cult to take into
accounteffectsof critical spin¤uctuationsin a controlledmanner. An improvedMonteCarlotechnique
developedby thepresentAuthors[2] madeit possibleto calculatethemodelat£nitesizeclusterswhich
are large enoughto obtain thermodynamiclimits. Herewe show the numericalresultsfor the critical
phenomenaof thedoubleexchangemodel,which is fundamentalandchallengingsubjectto this model.
Using £nite-sizescalinganalysisas well as the Binder parameterplots, Curie temperature(l}| ) and
critical exponentsare estimatedaccurately. We discuss[3]: 1) l | is substantiallydecreasedfrom its
mean-£eldestimate,which makesthemodelto explain theexperimentalvaluesconsistently. 2) Critical
exponentsareconsistentwith estimatesfrom theneutronscatteringmeasurements.Theseareinconsistent
with d.c.andr.f. magnetizationmeasurementswhichexhibit mean-£eldlike exponents.3) To thebestof
our knowledge,this is the £rst time that critical exponentsof a metallic systemin the strongcoupling
limit is preciselyestimated.
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We reporton a detailedMonteCarlo studyof thehigh-temperaturephaseof the two andthreedimen-
sional driven lattice gas(DLG) at large driving £eld. This model is a kinetic Ising modelon a peri-
odic domainwith Kawasakidynamicsand biasedjump rateswhich mimic the action of an external
force£eld.Thisperturbationdrivesthesysteminto anon-equilibriumsteadystatewhichshows a£nite-
temperaturephasetransition.For a review see[1]. Despiteits simplicity, theDLG hasnot beensolved
exactly. Nonetheless,many resultshavebeenobtainedby meansof MonteCarlo(MC) simulationsin two
andthreedimensions[2, 3] andby using£eld-theoreticalmethods.Ouranalysisof theMC datafollows
themethodintroducedin[4]. We de£nea £nite-volumecorrelationlengthgeneralizingthede£nitionof
thesecond-momentcorrelationlengththatis usedin equilibriumsystems.Oncede£neda £nite-volume
correlationlength � we canusethemethodof Ref. [4] to determinein£nite-volumequantities.For the
correlationlength�I��a®ñ�	�� andagenericobservable �Ê��a ñ�	{� measuredat temperaturea andonasystem
of (transverse)size 	 we assumeanFSSansatzof theform

�Ê��a ñLø$	{��Ê��a ñ�	{� ÷0v}� �?��a ñ�	{�	 (1)

where ø�� �
is a scalefactor(typically ø¡÷ �

). We simulateseveralscouplesof systemsof transverse
sizes 	 and ø$	 at the sametemperaturea . For eachobservable � we checkthe validity of the FSS
ansatz(1) andextracttheFSSfunctionsv}� . Then,usingthefunctionsv�� and v}� wecanextrapolatethe
pairs ���?��a ñ�	{�Vñ��Ê��a ñ�	��G� to obtainestimates���?��a ñL&Q�Vñ��Ê��a ñL&Q�G� for their in£nite-volumevalues.

In two dimensionswe applythis methodto obtainthetransversecorrelationlength� andthetransverse
susceptibilityin in£nite-volume,thenwedeterminethecorrespondingcritical exponentsi andO andthe
critical valueof thetemperaturea^Î . They turnout to partiallycon£rmthetheoreticalpredictions[1]. We
reportalsopreliminaryresultson thethreedimensionalDLG.

References

1. B. SchmittmannandR. P. K. Zia, Statisticalmechanicsof driven diffusive systems,in PhaseTransitionsandCritical
Phenomena, editedby C. DombandJ.L. Lebowitz, Vol. 17 (AcademicPress,London,1995).

2. J.S.Wang,J.Stat.Phys.82, 1409(1996).
3. K.-t. LeungandJ.S.Wang,Int. J.Mod. Phys.C 10, 853(1999).
4. S. Caracciolo,R. G. Edwards,S. J. Ferreira,A. PelissettoandA. D. Sokal, Phys.Rev. Lett. 74, 2969(1995),e-print

hep-lat/9409004.

A87



High temperatureseriesexpansionsfor � -dimensional
disorderedPotts models

Meik Hellmund and Wolfhard Janke
Institut für TheoretischePhysik,Universität Leipzig

Meik.Hellmund@itp.uni-leipzig.de

Despiteconsiderableefforts therearestill many openproblemsin the physicsof disorderedsystems.
Onealternative to large-scalenumericalsimulationsaresystematicseriesexpansions.Suchexpansions
for statisticalmodelsde£nedona latticeareawell-known methodto studyphasetransitionsandcritical
phenomena[1]. Theextensionof this methodto disorderedsystems[2, 3, 4] demandsthedevelopment
of new graphtheoreticalandalgebraicalgorithms.

Wedevelopedfurtherthemethodof “stargraphexpansion”whichallows to take thedisorderaverageon
thelevel of individualgraphs.For the£rsttime,weclassi£edall stargraphsupto order19andcalculated
theirembeddingnumbersfor > -dimensionalhypercubiclattices.Thesedataareusedto calculatee.g.free
energiesandsusceptibilitiesfor disordered» -statePottsmodelson > -dimensionalhypercubiclattices.
Theprobabilitydistributionof couplingsis parameterizedby e.g. ý��Vó�Ø53Ò�:÷4³ ú �Vó�Ø43I� ómú
��û�� � ��³^� ú �Vó�Ø43)�� ómú
� which includesspin glasses,diluted ferromagnets,random-bondmodelsandtransitionsbetween
them.Theseriesallow thedeterminationof thephasediagram,critical couplingsandcritical exponents
in a largeregionof the( » , > ,³ ,

�
) parameterspace.Thephysicalsystemsof interestwhicharestudiedthis

way include:

– Random-bond(RB) Ising modelin 2D – logarithmiccorrectionsto thepure£xedpoint

– RB Isingmodelin 3D – universalityof anew random£xedpoint

– RB Isingmodelin 4D – correctionsto mean-£eldbehavior

– RB Pottsmodelwith » ÷0u$ñ|r in 2D – changeof critical exponentsdueto disorder

– RB Pottsmodelin 3D – softeningof £rst-orderphasetransitionsto secondorder

– Spinglassesin differentdimensions
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We investigatethecritical behavior of the two-dimensionalIsing modelwith long rangedipole interac-
tionsandin-planespinaxis.Ultra-thin magnetic£lmswith anin-planeeasyaxisareexpectedto belong
to this universalityclass[1], asthe dipole interaction,albeit small, is alwayspresentin thesesystems.
TheHamiltonianreads

%é÷Ã� ó � � Ø43P� ûJØùû_3ÍûN� � Øi�ö�3
��²@�Ø43 � í'� � ��²d�W�Ø43 � í �²ÒØ43� Þ ûxØ|û�3

with spin variables û�÷ ½ � , ferromagneticexchangeinteraction ó . �
, and dipole constant� ÷Ô úTÔ í�(Tr�¾,¯ ö��� (hereÔ ú is thevacuumpermeability, Ô is themagneticmomentof thespins,and ¯ ��� is the

nearestneighbordistance,which is setto one).
�²ÒØ43J÷ ��² �W�Ø43 ñ|²@�Ø43 � is thedistancebetweenspin ûxØ and û_3 ,

decomposedinto contributionsparallelandperpendicularto thespinaxis,and � � µ denotesthesumover
nearestneighbors.

We usethe clusterMonte Carlo algorithmfor long rangesystemsintroducedby Luijten et al. [2], ex-
tendedto anisotropicinteractions.Usingthismethod,noapproximationor cutoff of thelongrangedipole
interactionneedto bedone.We£ndthatfor � . � thesystemshows stronganisotropy, i. e. thecorrela-
tion lengthexponentsi �W� parallelto thespinaxisand i � perpendicularto thespinaxisaredifferent.This
behavior is similar to theanisotropicnext nearestneighborIsing model(ANNNI model)at its uniaxial
Lifshitz point [3]. However, due to its short rangeinteractionsthe ANNNI modelshouldbelongto a
differentuniversalityclass.

Takingstronganisotropy into accountwe simulatesystemsof differentlinearsizes	 �W� and 	 � , keeping

the ratio 	 � 9 ��� ��W� (l	 � 9 ���� £xed [4]. We determinethe critical exponentsof the systemusing £nite size
scalinganalysisandhistogrammethods.
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This researchconcernsthesituationwhena moderatenumber� of complex systemsof thesametype
evolve simultaneouslyunderin¤uenceof stochasticfactorsin thesameambientconditionsto resultin
a collective effect that manifestsitself for (in) a single receiver system.The systemsarediscreteand
composedof £nite numberof elements.The featureof beingmoderatein number � for the system
ensemblemeans:The � is so large that ensembleis suf£ciently variousto have a numberof systems
differing substantiallyfrom theothersandthe � is sosmallthatthesedistinguishedsystemscontribute
signi£cantlyto thecollective effect.

Oneinvestigatesthecollectiveeffectrepresentedby thesequenceof patternshaving meanexpectedform
of thoseresultingin eachsystemof theensemblefrom randomcoveringsitesof ahexagonalarraywithin
a half-planefrom strightinitial chainof sitescovered.This coveringis modelledasa randomexpansion
process(REP)whosestatesat subsequentstagesof its developmentare£niterandomsetsbeingmulti-
plicity of sets-realizationsthathave evolved independently(in parallel)within thesamespatialdomain.
This domainis £nitediscretespacewhoseelementscoincidewith centersof hexagonsof thearray. The
REPis simulatedasMarkov processof coveringsitesof thearraysothat informationaboutcoveringa
siteis transmitted:betweenmembersof apairof neighboursitesanddueto conditionaleffective jumpof
thispair to apositioncloseby, with preservingmutualsituationof its elementson thearray. Information
aboutorganizationof two sitesinto apair identi£esthiseffective displacement.Thuscontribution of the
£nite-sizeentitiesto theinformationtransmissionis simulated;this is generalizationof thediscretedis-
placementmethod(DDM) developedpreviously for modelingthe£nite-sizeeffects[1]. Accomplishment
of thecollective effect is revealedby sequenceof patterns

� ý�� 5 � beingmeanexpectedformsof the �
patternscharacterizingall thevariousrealizationsat therespective stages

5
of theREPdevelopment.

Distribution of thenumberof sitescovered
hC� ô � 5 � thatconstitutethe

� ý�� 5 � shows anumberof discrete
stepsthat is attributed to discretnessandthe � quality of beingmoderate.Structuralcharacteristicof
the

� ý hasbeendesignedand this enabledus to detectqualitative changesin the
� ý�� 5 � evolution

whoseoccurrencecanbeattributedto theDDM-type modellingof the£nite-sizeeffects:Startingfrom
certaindetectablestep,the

� ý�� 5 � patternsarestructuralybi-stable.Thestageatbeginningof thatstepis
importantstructuralcharacteristicof thecollective effectaccomplishment.
One reportsresultsof high performancecomputing(HPF, Cray T3E) that reveal certainregularity in
variationof the

� ý�� 5 � evolutioncharacteristicswith changingof theREPparameters:forcingparameter
P (formally this is probabilityof sitecovering)anddegree

� !0ø ! � of the£nitearrayrandomization.
Variationof thenumberof realizations� in computationssuggestswayof determiningtheupperbound
of the � being moderate.Someinitial considerationsand an appliedaspectof this work have been
revealedin [2].
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Thegroundstatestructureof spinglassesis poorly understood.While therehasbeenconsiderablework
on Ising-typespin glasssystems,modelswith a vector order parametersymmetryhave not yet been
analyzedin muchdetail.

Therearedifferenttheories[1] describingthespinglassphase:the“droplet picture” by FisherandHuse
andthereplicasymmetrybreakingpicture(RSB)by Parisi.Accordingto thedropletpicture,excitations
that ¤ip a £nite clusterof spinscostan in£nite energy in the thermodynamiclimit andhave a fractal
dimensionlessthanthe spacedimension.By contrast,RSB predictsthat theseexcitationscosta £nite
amountof energy in the thermodynamiclimit and arespace£lling. Recently, work by Krzakalaand
Martin as well as Palassiniand Young[2] for Ising-typesystems(referredto as KMPY) that £nd an
intermediatepicture:while large scaleexcitationscostonly a £niteamountof energy in the thermody-
namiclimit, their surfaceis fractal.Theseresultshave beenbacked up by Monte Carlo simulationsat
low temperaturesfor theEdwards-AndersonIsing spinglassin threeandfour dimensions[3].

Herewe testwhichof theabove predictionsapplyto thethreedimensionalgaugeglass[4] aswell asthe
four dimensionalXY modelby performingsimulationsdown to low temperatures(to avoid effectsof
critical ¤uctuations)for a modestrangeof sizesusingtheparalleltemperingMonteCarlotechnique[5].
Thismethodallows usto equilibratefrustratedsystemsmuchfasterthanconventionalMonteCarlo,thus
permittingusto simulatelargersystemsizesat lower temperatures.

Parallel temperingMonteCarloallows us to betterovercomelargeenergy barrierspresentin frustrated
systems,becauseseveral identicalreplicasof thesystemat differenttemperaturesaresimulated.Global
movesaremadesuchthat thetemperaturesof two replicas(with adjacenttemperatures)areexchanged
in away whichobeys detailedbalance.

From our simulationswe £nd a scenariocompatiblewith the KMPY picture:while excitationsof the
systemcosta£niteenergy in thethermodynamiclimit, their surfaceappearsto befracxtal.
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In statisticalphysics,oneis interestedin thedeterminationof theorderandstrengthof phasetransitions
[1]. Firstordertransitionsinvolve thecoexistenceof two phasesandadiscontinuityin the£rstderivative
of the free energy. The strengthof sucha transitionis measuredby the sizeof this discontinuity(the
latentheatin thetemperaturedrivencase).In thesecondorderscenariotheappropriatesecondderivative
of thefreeenergy diverges,asdoesthecorrelationlength.Here,the transitionstrengthis characterised
by critical exponents.In thetemperaturedrivencasethe ø exponentdeterminesthenatureof thespeci£c
heatdivergence.Suchnon-analyticbehaviour is only presentin anin£nitely largesystem.

Monte Carlo simulationsare,however, restrictedto systemsof £nite size.Finite-sizescaling[FSS] is
a methodwherebyratios of critical exponentsmay be determinedfrom measurementstaken on sys-
temsof £niteextent.Applicationof FSSto thermodynamicfunctionssuchasthespeci£cheatis a well
establishedapproachin statisticalphysics.An increasinglypopularalternative is theuseof theFSSbe-
haviour of thezeroesof thepartitionfunction.Thesezeroesexist in thecomplex temperatureor complex
magnetic£eldplanes.

In the secondordertemperaturedriven case,FSSof the £rst zeroyields the correlationlengthcritical
exponenti . Identi£cationof i with

� (�> in the£rstordercasecanbeusedto discriminatebetweenthe
two typesof transition( > beingthedimensionalityof thesystem).However, thestrengthof thetransition
hasheretoforenotbeendeterminedfrom propertiesof zeroes.Instead,directmeasurementof latentheat
or interfacetension(in the£rstordercase)or theratio ø2(�i (in thesecondordercase)hasbeenused.

We presentan alternative methodto directly determinethe strengthof phasetransitionsfrom partition
functionzeroes.Themethodinvolvesthedensityof zeroes- aquantitywhich is proportionalto thelatent
heatin the £rst ordercaseandwhich is characterisedby ø in the secondorderone.It haslong been
considereddif£cult if not impossibleto extract thedensityof zeroes(a continuousfunction) from their
(discrete)distribution for a£nitelattice[2].

Recently, however, therehave beensomeattemptsto extractthedensityfrom numericalstudies.In view
of theincreasingimportanceattachedto thisapproach,wewishto suggestanappropriatewaythisshould
bedone[3]. Thenovel aspectis theconsiderationof thecumulativedensityof zeroes.Thisnew andpow-
erful techniqueallowsto determine(i) theorderand(ii) thestrengthof thetransitiondirectly. Themethod
alsoelucidatescrossover between£rst andsecondordertransitions.Furthermore,the methodleadsto
alternative insightsinto statisticalphysicsandilluminatestheorigin of £nite-sizescaling.Applicationto
a numberof modelsillustratestheef£cacy of thedensityapproach.

References

1. W. Janke, in: ComputerSimulationsin CondensedMatter PhysicsVII, eds.D.P. Landau,K.K. Mon andH.-B. Scḧuttler
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Oneof theleadingplacesamongthetechnologiesusedto generatenanosecondhigh-currention beams
belongsto magneticallyinsulateddiodes(so called

V�6
-£elddiodes).Magnetic£eld in suchdiodesis

formedby two ¤at coaxialcoils that are fed with a pulsecurrentfrom the batteryof capacitors.This
paperis devotedto theproblemof calculationof thepulsemagnetic£eldspatialdistribution in the ion
diodewith allowancefor theinducedcurrentsin metalelementsof thediodeconstruction.

The calculationtechniqueconsistsin partitioningof the solid conductorsinto elementaryonesso that
thecurrentdensityinsideof eachof themmaybeconsideredto beuniform.Thecurrentsinducedin the
elementaryconductorsarecalculatedfrom theequationsystemincludingcoef£cientsof self-inductance
andthoseof the elementaryconductorsmutual inductance.The matrix of suchsystemcoef£cientsis
asymmetricwhich calls for the right and left eigenvectorsto be introducedinto it to diagonalizethe
matrix. The eigenvector-composed operators-projectors to sub-spaceof stablesolutionsallow one to
avoid the instabilitieswhich arise inevitably when the solid conductorsare partitionedinto separate
elementaryones(non-existing in reality).Besides,to solve theproblemsomespecialmethodsallowing
toavoid accumulationof theerrorsin thenumericalcalculationsareapplied.Generallysucherrorsappear
whentheconductorsarebeingpartitionedinto greaterandgreaternumberof elements.

Oneof thetypical resultssupportingthereliability of thetechniqueis thecorrectlydetermineddepthof
thepulsedmagnetic£eldpenetrationinto theconductors(skin value).
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We considerthe applicationsof a new numerical-analyticaltechniquewhich is basedon the methods
of local nonlinearharmonicanalysisor waveletanalysisto theorbital motion in transverseplanefor a
singleparticlein a circularmagneticlattice in casewhenwe take into accountmultipolarexpansionup
to anarbitrary£nitenumberandadditionalkick terms.

We reduceinitial dynamicalproblemto the£nitenumber(equalto thenumberof n-poles)of standard
algebraicalproblemsandrepresentall dynamicalvariablesasexpansionin thebasesof maximallylocal-
izedin phasespacefunctions(waveletbases).Waveletanalysisis a relatively novel setof mathematical
methods,which givesusa possibility to work with well-localizedbasesin functionalspacesandgives
for thegeneraltype of operators(differential,integral, pseudodifferential) in suchbasesthemaximum
sparseforms.Our approachis basedon thegeneralizationof variational-waveletapproachfrom [1]-[3],
whichallows usto considernotonly polynomialbut rationaltypeof nonlinearities[4]. .

Thesolutioncorrespondsto thefull multiresolutionexpansionin all time scalesandgivesusexpansion
into aslow partandfastoscillatingparts.So,wemaymove from coarsescalesof resolutionto the£nest
onefor obtainingmoredetailedinformationaboutourdynamicalprocess.The£rsttermcorrespondson
theglobal level of functionspacedecompositionto resolutionspaceandthesecondoneto detailspace.
In this way we give contribution to our full solutionfrom eachscaleof resolutionor eachtime scale.
The sameis correctfor thecontribution to power spectraldensity(energy spectrum):we cantake into
accountcontributionsfrom eachlevel/scaleof resolution.

Startingfrom Hamiltonianof orbital motion in magneticlattice with additionalkicks terms,we con-
sider alsovariationalformulation for dynamicalsystemwith rationalnonlinearitiesandconstructvia
multiresolutionanalysisexplicit representationfor all dynamicalvariablesin thebaseof nonlinearhigh–
localizedeigenmodes(compactlysupportedwaveletsandwaveletpackets).Bestconvergenceproperties
andminimal costof algorithmsled to saving CPUtimeandhddspace.

References

1. Waveletsin OptimizationandApproximations,Math.andComp.in Simulation, 46, 527-534,1998.
2. VariationalApproachin WaveletFramework to PolynomialApproximationsof NonlinearAcceleratorProblems,Ameri-

canInstituteof Physics, Conf.Proc.,vol. 468,NonlinearandCollective Phenomenain BeamPhysics,pp.48-68,1999.
3. Symmetry, HamiltonianProblemsandWaveletsin AcceleratorPhysics,AmericanInstituteof Physics, Conf.Proc.,vol.

468,NonlinearandCollective Phenomenain BeamPhysics,pp.69-93,1999.
4. Variational-WaveletApproachto RMS EnvelopeEquations,Proc.2ndAdvancedAcceleratorWorkshopon ThePhysics

of High BrightnessBeamspp.235–254,World Scienti£c,2000

A94



Simulation of Coulomb interacting particles in a potential
well

G. Bassi,A. Bazzaniand G. Turchetti
Dipartimentodi Fisica – UniversitÁa di Bologna

+39 0512091004,+39 051247244,turchetti@bo.infn.it

Thecollective effectsin high intensitybeamsat low or mediumenergieshave a strongin¤uenceon the
transportproperties,thebeamstabilityandthehaloformation[1]. Indeedtheresonancesbetweenthecol-
lective motionof thebeamandtheliner or nonlinearbetatronicmotionmayexcite new resonancesand
createchaoticmotion.Theparticlein coremodels[2] andthePIC solutionof Poisson-Vlasov equations
have beenusedto investigatethedynamicalbehavior of a testparticlein 2D and3D geometries[3][4].
We analyzeherethe possibleeffects of collisions by introducinga noise in the particle in core and
Poisson-Vlasov equations.A referencemodel is a set isotropicharmonicuncoupledoscillatorswith a
repulsiveCoulombinteraction,whichdescribesacoastingbeamin aconstantfocusinglattice.Theeffect
of nonlinearitiesin theexternal£eldareexamined.
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Studyingplasmawavesand instabilitiesis an indispensablepart of presentthermonuclear-fusion and
astrophysicalmagnetohydrodynamics(MHD). Up till recently, spectralanalysiswasmostlyrestrictedto
staticplasmas.However, theassumptionof a staticplasmais unrealisticnot only for astrophysicalbut
alsofor modernfusionresearch.Plasmaswith ¤ow havebeenshown to havespectraessentiallydifferent
from thoseof staticplasmas[1].

We presenttwo new numericaltools for spectralstudiesof plasmaswith ¤ow. The£rstone,a program
called FINESSE(FINite ElementSolver for StationaryEquilibria), computesequilibria of non-static
plasmasfor avarietyof fusionandastrophysicalcon£gurations(tokamaks,solarloops,solarwinds,etc.).
FINESSEcanhandleaxisymmetricidealplasmaswith toroidaland/orpoloidal¤ows in threedifferent
¤ow regimes:sub-slow, sub-Alfvénic(slow) andsuperAlfv énic(fast).

In FINESSE,MHD equilibria arenot found by the standardtime steppingto reacha steadystatebut
by a direct solutionof the nonlinearstationaryMHD equations.The new solutionalgorithminvolves
analyticalreformulationof the problemin an equivalent form suitablefor ef£cientnumericalsolution
by aspecialinner-outeriterative procedure.ThetransformedMHD equationsarediscretizedby isopara-
metricbicubicHermite£niteelementsproviding quarticconvergencewhich is practicallyobserved.The
FINESSEalgorithmis computationallyef£cientandits main attractionis that thecomputedequilibria
arevery accurate.This is crucialfor subsequentspectralstudies.

Ideal andresistive spectraof the computedequilibria arestudiedwith anothertool, a programcalled
PHOENIX.ThelinearizedMHD equationsarediscretizedby quadraticor cubicHermite£niteelements
in the radial directionandby a Fourierspectralmethodin thepoloidaldirection.This leadsto a large-
scalegeneralizedeigenvalueproblem �{� ÷0- V �tñ
that is solved by the recentlyproposediterative Jacobi-Davidson method[2]. This methodis of the
Krylov subspacetype.It allows to £ndeigenvaluesin a region of interestandthecorrespondingeigen-
vectorsfastandwith unprecedentedaccuracy. The implementationof theJacobi-Davidsonmethodfor
PHOENIX is parallel.

Our numericalexamplesshow how FINESSEand PHOENIX can be usedto study the effect of the
poloidal¤ows onToroidalAlfv énEigenmodes.
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We investigatenumericallya modelof sphericallysymmetricblack holesin the string theoryinspired
Einstein-Born-Infeldgravity with amassivedilaton.Within theframework of thismodelthemainsystem
of differentialequationscanberewritten in theform

s ] û��GsÊ� � �G(T²GûZ²?s � ] í û§²"O í W � � ����(���²$ñ � �Í÷ � ñ
s � ] ] û � � ] (T² û · � � �Qsk�G(T²xû�(���²mñ � ���§²IBo� � ��¸ � ] û � ø$(���²mñ � �G(T²��§O í W ] � � �G( � ÷ � ñ

on theinterval ²�Í· � �`ñL&Q� with following boundaryconditions

sk� � �?�Z÷ � ñ � (T²���(���²$ñ � ���§²"O í W � � � � ] ûQø$(���²$ñ � �G(T²��§O í W ] � � �G( � 6 ö � � ÷ � ñ� ��²I�,�"�?�c�6�� >
� �

Herethe function sk��²I� describesthe metric, � ��²I� is the dilaton £eld, the quantity
� � is the unknown

horizonof theblackhole,and (���²$ñ � �.� � �>í���� ²mí\� ��² a û » í° � (T² .
Thelastconditionneededto closethesystemis themassequation

� û >
� �
� 	�� � � í��l� ² í ( ² a û » í° � � ûZO í W � � � ² í >L²�� � ¾ � í� l¹÷ � ñ

where � is thegivenmassof theblackhole,themetricfunction ú ��²I� satis£estheequationsú ] û§² � ] í ÷ � ñ ú �G&Q�:÷ � ñ
andthetemperaturel is calculatedvia theformula

r�¾klæ÷0� 	�� þ � � � s ] � � �?� �
Thecontinuousanalogof Newtonmethod[1] is usedto solve theabove formulatedfree-boundaryprob-
lem.

We prove, that thepresenceof thedilatonpotential
W � � � leadsto blackholeswith muchmorecompli-

catedcausalstructurethanthecaseof masslessdilaton[2]. Theextremalblacksolutions�Gsg]}� � �?� ÷ � �
arealsostudied.We show that, dependingof mass� , charge » ° , the dilaton massO , andthe dilaton
potential

W � � � it is possiblethatblackholeswith morethanonehorizonexists.Thedependenceof the
blackholestructureon theform of thedilatonpotential

W � � � is examinedtoo.
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Sincethebeginningof modernastronomy, thescienti£ccommunityexpresseda greatinterestin scien-
ti£c visualisationtools,andtodayimageprocessingtoolsareof fundamentalimportancein astronomy.
We presenta new datavisualization/analysis software,AstroMD [1] speci£callyprojectedto dealwith
astrophysicaldata.Thesoftwaregivesa3D graphicrepresentationof thedataexploiting all theavailable
informationandmakinguseof theimmersive visualizationtechniques.These,convertinghugeamounts
of digital datainto a cleargraphicalrepresentation,enhancethehumanskill in recognizinginteresting
featuresin complex datastructures.AstroMD is developedusing the VisualizationToolkit (VTK) by
Kitware[2], a freely availablesoftwareportableon several platformswhich rangefrom the PC to the
mostpowerful visualizationsystems.

VTK supportsa wide variety of visualizationalgorithms,it supportsstereo-graphicrenderingandcan
be usedfor virtual reality visualization.FurthermoreVTK allows the userto implementspeci£cdata
analysismodules.

Thedevelopmentof AstroMD is theaimof theCosmo.Labproject,£nancedby theEuropeanCommunity
in theFifth Framework. It is developedaccordingto therequirementsproposedby severalastrophysical
research£elds:� datacomingfrom cosmologicalsimulations[3]� datacomingfrom observationalcatalogues(VIRMOS)� observationaldataof extragalacticradiosources

AstroMD canmanagedifferentphysicalquantities.It can£ndstructureshaving anotwell de£nedshape
or symmetries,andperformsquantitative calculationson a selectedregion or structure.The displayof
datagivesthe illusion of a surroundingmediuminto which theuseris immersed.Theresultis that the
userhastheimpressionof travelling throughacomputer-basedmulti-dimensionalmodelwhichcouldbe
directlyhand-manipulated.In thissense,thevirtual reality is aprogressive loweringof thebarrierwhich
separatesusersfrom their data[4].

AstroMD is developedby the Visual InformationTechnologylaboratoryat CINECA in collaboration
with theAstrophysicalObservatoryof Catania.AstroMD is anopensourcecompletelyfreecodewhich
is freely available(http://www.cineca.it/astromd).
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Jetsaresupersonic,or supermagnetosoniccollimated¤owsencounteredin variousastrophysicalobjects.
Highly collimatedout¤ows aregeneratedby youngstellarobjects,known asHerbig–Haroobjectsin
molecularclouds,as well as by rapidly rotating supermassive Black Holes in the centersof massive
elliptical galaxies.Sincethesejetspropagateonthebackgroundof anambientmediumwith £nitedensity
andpressure,matterin thebow shockwill beconstantlyheatedto high temperatureandcool down by
variousemissionmechanisms.Dependingon the astrophysicalenvironment,the cooling time can be
much shorterthan the typical propagationtime. While traditional jet simulationsarebasedon time–
explicit methodsinvolving an adiabaticequationof state,cooling hasto be implementedon the basis
of time–implicit schemes.For thatpurposewe enlargedthemagnetohydrodynamicC–codeNIRVANA
(originally developedby UdoZiegler) to includecoolingprocesses.Wepresentvarioussimulationsin 2
and3 spatialdimensionsof magnetizedHerbig–Harojet ¤ows includingline emissionandextragalactic
jetsin ahighdensityenvironment.Thelattercaseis particularlyinterestingin view of recentobservations
by theChandrasatelliteof Bremsstrahlungemissionfrom extragalacticradiojetsembeddedinto acluster
medium.
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A plasmais a ionizedgasasa resultof its high temperature,neverthelessthe plasmaasa whole still
remainselectricallyneutral.The Universeis constitutedalmosttotally of plasmaandits studyis very
importantto learnhow plasmaswork. The expandingatmosphereof the Sun,is a plasmathat extends
beyond Pluto’s orbit. This expandingatmosphereis known asthe solarwind. The studyof solarwind
andspaceplasmasis very importantin SpacePhysicsbecauseof theprocessesandphenomenathattake
placethere.Amongthesephenomena,thestudyof wavesandinstabilitiesin theinterplanetarymedium
areof interestsincewavesplay an importantrole in the dissipationprocessesandheatingof plasmas,
via particle-wave interactions.One of the meansusedfor the study of solar wind and interplanetary
plasmasis theanalysisof registeredobservationsmadeby spacecraftsin differentregionsof space.This
analysisusesenormousamountsof datawhich requiretheuseof computationaltechniquesto carryout
theanalysis.

In the presentwork the ADO (Análisis de DatosObservados)systemis described.ADO is a system
developedwith thepurposeof automatingdataanalysisanddatavisualizationcalculationsof solarwind
andspaceplasmasobservedby theISEE1,ISEE2andAMPTE-UKSspacescrafts.Thetypesof analysis
includedin thesystemare:Fourieranalysis,minimumvarianceanalysis,estimatesof somewave iden-
ti£ersandaveragesof somephysicalvariables.Theseanalysisallow the determinationof somewave
propertieslike the directionandangleof propagation,the senseof polarization,the meanpolarization
rate,themagneticcompression,themagneticpolarizationandthenoncoplanarratio. ADO is a support
tool for thestudyof wavesandinstabilitiesin theinterplanetarymedium,andit will beusedby scientists
andstudentsat the Departamentode Física Espacial,of the Instituto de Geof́isica, at UNAM. Results
obtainedwith ADO have beencomparedwith thosereportedin scienti£cpapers[1] [2] andthe results
arefoundto beconsistent.
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The observation of giant air showerswith energiesabove Ñ ��� í ú eV is extremely interestingfor ele-
mentaryparticlephysicsandastrophysics.Thisenergy rangeliesbeyondtheGreisen-Zatsepin-Kuz’min
”cutoff” of thecosmicray energy spectrumon accountof theinteractionof protons(or nuclei)with the
relic microwavephotons.Thegiantair shower is acascadeof secondaryparticlesgeneratedin theatmo-
sphereby anultrahighenergy ( � ��� ��� eV) primarycosmicrayparticle.Billions of electronsandmuons
producedin interactionswith atomicnucleianddecayprocessespassthroughtheatmospherediverging
in spaceandtime to strike theEarthsurface.Thedensityof electronsandmuonsat £xeddistancefrom
the shower axis (primary particledirectionof motion) is usuallyusedasan shower energy estimator.
Showerarrival directionis estimatedwith thehelpof shower time front [1] of muonsdetected.

It wasshown [2] thatde¤ectionsof muonsby thegeomagnetic£eldis noticeable.It is heredemonstrated
that this de¤ectionperturbnot only the energy estimator[3] but also time delaysof muonsdetected.
Billions of muonsdiverging from theshoweraxisarede¤ectedby thegeomagnetic£eld.Becausemuons
areproducedat differentdepthsin the atmosphereandwith variousenergiesanddirectionsof motion
it is a problemto simulatetheir trajectories.Calculationswerecarriedout in termsof thequark-gluon
stringmodelfor primaryprotonsandobservationlevel of 1020�^( ��� í for inclinedshowers.TheLandau-
Pomeranchuk-Migdaleffectandinteractionsof neutralpionswith nucleiin theatmosphereat ultra high
energiesweretakeninto accunt.

Theinteractionsof theprimaryparticlewith thenuclei in theatmosphereweresimulatedby theMonte
Carlo method.The passingof secondaryhadronswastreatedwith the help of the cascadeequations.
Muonsweregroupedinto blockswith somedifferencesin depthproduction,zenithandazimuthalan-
glesandenergy. For every ”block” of muonsequationof motionwassolved asfor a singlemuonwith
averageenergy, heightproductionandzenithandazimuthalanglesin eachbin (a methodof ”group”
particle).At lastequationsof motionfor thesegroupsweresolved.Thecalculatedlateraldistribution of
muonsdisplaysnoticeableassymetryat all distancesfrom the shower axis andparticullarythe energy
estimatorchangesby a factorof 1.5. Due to de¤ectionin the geomagnetic£eld arrival time of muons
detectedincreasesdisturbingshower time front. Thusthe discussedexamplesshow an importantceto
treatexperimentaldataon giantair showerstakinginto accountthegeomagnetic£eld.
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Protoplanetarydisksappearto beacommonfeaturearoundyoungstars.They arethoughtto provide the
materialandtheenvironmentfor theformationof planets.Thusoneneedsto know theinternalproperties
of suchdisks,suchasthedensity, temperatureandturbulence,in orderto estimatethetimescalesof the
formationprocess[1].

We presenttheglobalbaroclinicinstability asa sourcefor vigorousturbulenceleadingto angularmo-
mentumtransportin Keplerianaccretiondisks.Insteadof relying on MagnetoHydrodynamicalTurbu-
lencewith theknown dif£cultiesof the low ionisationvaluesin ProtoplanetaryAccretionDisks [2] we
performednumericalsimulationsof a purely hydrodynamicalinstability that works in accretiondisks,
namelythefamousbaroclinicinstability, which is alsoresponsiblefor turbulentpatternson planets,for
example,Jupiter’s redspotandtheweatherpatternsof cyclonesandanti-cycloneson earth.Baroclinic
instabilitiesarisein rotating¤uidswhensurfacesof constantdensityareinclinedwith respectto thesur-
facesof constantpressure.Vortensity, de£nedasvorticity perunit surfacedensity, is not conservedasis
thecasein barotropictwo-dimensional¤ows,andvorticescanbegenerated.

We show by analytical considerationsand three-dimensionalradiation hydro simulationsusing the
TRAMP code[3] that,in particular, protoplanetarydiskshave a negative radialentropy gradient,which
makesthembaroclinic.Two-dimensionalnumericalsimulationsshow thatthisbaroclinic¤ow is unstable
andproducesturbulence.These£ndingsaretestedfor numericaleffectsby performingbarotropicsim-
ulationswhich show that imposedturbulencerapidly decays.The turbulencein baroclinicdisksdraws
energy from thebackgroundshear, transportsangularmomentumoutwardandcreatesa radially inward
boundaccretionof matter, thusforming a self consistentprocess.Gravitational energy is transformed
into turbulentkineticenergy, which is thendissipated,asin theclassicalaccretionparadigm.[3]

Wemeasureaccretionratesin 2D and3D simulationsof �� ÷0� ���
	���� í4� ���
	1z M � yr
	��

andviscosity
parametersof ø�÷ ��� 	 a � ��� 	 í , which £t perfectlytogetherandagreereasonablywith observations.
Theturbulencecreatespressurewaves,Rossbywaves,andvorticesin the(

� �QË ) planeof thedisk.We
demonstratein a globalsimulationthat thesevorticestendto form out of little backgroundnoiseandto
belong-lastingfeatures,whichhave alreadybeensuggestedto leadto theformationof planets[4].
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In astrophysicsthree–dimensionalgasdynamiccalculationsarestill quite rare,at leastwith grid based
codes.Becauseof this,evenlesswork hasbeendoneon includingtheeffectsof theadditionalphysical
processeswhicharetakingplacein interstellaror intergalacticgasclouds.Onevery importantprocessis
theinteractionof light andmatter, for whichthepathsof thephotonsthroughthegasneedto befollowed.
Thiscombinationof radiative transferand3D hydrodynamicswill proveto beinvaluablefor studyingthe
birth anddeathof stars,aswell asthedevelopmentof structuresin theuniverse(see[1] for anexample).

We aredevelopinga codewhich combinesa 3D hydrodynamiccalculationon an adaptive grid, with
radiative transferon thesamegrid. Theworking nameof this codeis Maartje. It is written in C++, and
weaimto keepit modular, sothatonehasthechoiceto includecertainfeaturesor not.Theadaptive grid
is regularandof thenestedtype.TheEulerequationsarecurrentlysolved usingvanLeer’s ¤ux vector
splitting method,but we areworking on a modulebasedon Roe’s approximateRiemannsolver to offer
achoiceof solvers.Theradiative transferis calculatedusinga ‘short characteristics’typemethod(but a
‘long characteristics’moduleis alsoavailable).

We use the Maartje codeto study the progressionof an ionization front throughan inhomogenous
medium.Thisgenericproblemis relevantfor theemergenceof HII regionsaroundmassivestars,andthe
formationof PlanetaryNebulaearoundlowermassstars,andhasnotbeenstudiednumericallybefore.It
alsoprovidesa goodtestinggroundfor thenew code.

To representthe radiationeffectson thegas,we includethe ionizationandrecombinationof hydrogen
dueto photonsandcollisionswith electrons,andthe heatingthroughphoto–ionization.The radiative
cooling is implementedthrougha typical interstellarcooling curve. This is a simpli£edversionof the
DORIC moduledescribedin [2] and[3]. The DORIC modulecalculatesthe non–equilibriumcooling
andionizationfor astrophysicallyimportantelements(currentlyH, He,C, N, O, Ne andS), andwill in
thefuturebeincorporatedin Maartje.

On theposterwe presentthe£rstresultsfrom thiscode.
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Direct integrationmethodshave beenwidely usedfor the studyof self-gravitational N-body systems,
namelyin modelingstarclusters.Hermiteintegrationandtwo-bodyregularizationarenow considered
standardapproaches[1].

In this work we presenta softwarepackagefor N-body simulationsbasedon a new direct integration
methodincluding closeencounterstreatmentwith a new regularizationalgorithm[2]. The packagein-
cludesN-body integrators(the NNEWTON programs)initial conditionsgenera-tors(the NN-VIRIAL
program)anddataanalysisapplications(theNN-ETL andPROCVAR programs).

Our work have a two fold purpose:thedevelopmentof N-body integratorscapableof dealingwith the
numericalproblemsinducedby closeencountersand,the studyof the growth of perturbationson the
initial conditionsof thesystem.In particular, we areinterestedin measuringthetime scaleof theexpo-
nentialinstability. Thesystemis describedby asetof »l¼ £rstorderdifferentialequations– theNewton
equationsof motion– plus »l¼ £rstordervariationalequationsof motion,for thestudyof theevolution
of variations(perturbations)on initial conditions.

We have developeda direct integrationschemebasedon a Runge-Kuttavariablestepmethod,in which
we have implementedstandardKustaanheimo-Stiefelbinary regularizationand a new regularization
method:the InOut algorithm [3]. This algorithm was generalizedto the caseof multiple encounters
usinganheuristicprocedure.

TheNNEWTON programsshow goodperformancein simulationsof systemsin whichcloseencounters
play an importantrole in the dynamics.The algorithmis capableof dealingwith simultaneousbinary
encountersandhigh orderencounters(triple or more).Our £rst resultsof thestudyof perturbationson
initial conditionsshow anexponentialgrowth with atimescalein goodagreementwith thethetimescale
presentedin [4] for similar simulations.

Thesimpleregularizationproceduresimplementedin theseprogramsprovedto beef£cientin preventing
thegrowth of numericalerrorsin thepresenceof closeencounters.Thepackageis adequatefor thestudy
andsimulationof N-bodysystemsandthemeasurementof thetimescaleof theexponentialinstability.
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Flatteneddisc-shapedobjectsarea commonfeaturein thecosmos- for examplespiralgalaxiesaswell
asprotoplanetarydiscsaroundearlystarsdisplaysuchfeatures.Theseobjectsoftenshow characteristic
spiralpatterns,whichconsistin themayorityof casesof two moreor lesstightly woundspiralarms.

During the last 15 yearsit becamepossibleto simulatesuchstructureswith many body methods.Due
to the long-rangenatureof the often dominatinggravitational forcesand the necessarylarge number
of simulationparticlesef£cientalgorithmsareessential.Hierarchicaltreecodes[1][2] in combination
with smoothedparticlehydrodynamicsmethods[3] areaveryusefultool to tacklesuchproblems.There
havebeenmany simulationsof singlegalaxiesaswell asencountersbetweentwo andmoregalaxies(the
samecanbesaidfor protoplanetarydiscs).Thesesimulationsprovedvery usefulto explain thegeneral
dynamicsof suchsystems.

Hereit will beshown how suchtechniquescanbeemployedto studytheactualreasonfor theformation
of spiralsaswell in galaxiesas in accretiondiscs.In encountersbetweensuchdiscsa gravitational is
introduced.The £rst spiral arm developsdue to the actualencounterand resultingshockwave. The
secondspiralarmis causedby thefact that thegeometricalcenterof thediscandits centerof massare
no longeridentical.Moreover, aftersometime the£rstspiralarmdecays.However, thecenterof mass
of thesystemoscillates,sothata new spiralarmis created.Sothatmostof thetime thesystemappears
asa two-armedspiralstructure.

In addition,themasslossdueto suchencounterswill bestudied.It will beshown thatthemassdistribu-
tion within thediscsteepensin suchencounters.
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My nameis ClaudioAlbaneseandwork asProfessorof Mathematicsat theUniversityof Toronto,where
I mostly teachMathematicalFinancandoccasionallyMathematicalPhysics.My PhDis in Theoretical
Physicsfrom ETH Zuerich.My industrialexperienceincludesoneyearonWall StreetasVP for research
at MorganStanley DeanWitter. My collaboratorshold junior positionsat theUniversityandall of them
haveaPhDin Physics.I wouldproposeto makeapresentationdescribingtopicsin computational£nance
which areat thecenterof theattentionin £nancialinstitutionsandto which a physicistsaudiencecan
easilyrelateto. Thepresentationwould cover thecontentof a seriesof articles,in partpublishedandin
partsubmittedfor publication.

In [1], SebastianJaimungal,Dmitri Rubisov andI proposea modelof lines to price derivative claims
assumingtheunderlyingobeys a jump processof thevariance-gamma(VG) type.The modelis based
on the methodof lines and involves the solution of ordinary differential equationsanda Richardson
extrapolationmethod.We describethemethodin the context of equityoptionsandshow how to price
Bermudanandbarrieroptionswith VG jumps.

In [2], JoeCampolietiandI introduceacanonicaltransformationmethodto £ndexactsolutionsto pricing
problems.The methodis systematicandallows oneto re-derive in a simple,uni£edframework exact
solutionsin thepricing theoryliteraturesuchasaf£ne,quadraticandroot models,andto identify new
familiesof solvablemodelsbasedon theBesselproccess.

In [3], a new binomial volatility model with variance-gammajumps is introducedand developedby
Jaimungal,Rubisov andmyself.Themodelis basedon theassumptionthat thevolatility canswitchat
randombetweentwo pre-assignedvaluesat pre-assignedtimes.In thecaseof Europeanstyle options,
explicit analyticalsolutionscanbeobtained.Theabove mentionedmethodof lines,canalsobe imple-
mentedin this framework, making it possibleto studypath-dependentoptionsaswell. In the caseof
AmericanandBermudanwe £ndthattheexerciseboundaryconsistsof adoubleboundary, onefor each
volatility level.

Finally, in [4], JaimungalandI introducea generalclassof multi-variatediffusion modelsfor forward
LIBOR rateswhichextendtheBrace-Gatarek-MusielamodelandalsoincludestheHull-White andother
modelsasparticularcases.Thisclasscanbeextendedfurtherto includevariance-gammajumpsandleads
to closedform, exactpricing formulasfor caplets.Pricingformulasandtheno-arbitragedrift condition
in thepresenceof jumpsarebothobtainedby usingthemethodof canonicaltransformations.Weusethe
methodof linesto pricepathdependentoptionsandderive approximatepricing formulasfor swaptions.
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Supervisedlearningfrom examplesaimsat designinga studentneuralnetwork thatmatchesgivenpairs
of exampleinputsandteachernetwork outputs.Todate,themethodof choicefor traininglargemultilayer
neuralnetworks hasbeenstochasticgradientdescentand its variations.It is computationallycheap,
aseachupdateof the weight vectorsis basedon the presentationof a singleexample.One£ndsthat
inevitable symmetriesslow down the convergenceof the methoddrastically[1, 2]. In the casewhere
everyexampleis usedonly oncefor anupdate,its learningdynamicscanbeanalyzedin thelimit of large
input dimension ¼ [2], yielding that far more than ¿�¼ examplesareneededfor goodperformance,
where ¿ is thenumberof hiddenunitsin thesystem.

Committeemachinesde£nea rule ÀoÁiÂXÃ'ÄÆÅ ÇÈiÉ ¶XÊ Ë
ÌÈ Â via ¿ weightvectorsË È . We propose

andanalyzea new approachto thesupervisedlearningof Committeemachines,which is basedon the
PrincipalComponentAnalysis(PCA) of a covariancematrix build up usingtheexampleswith their re-
spective teacheroutput[3]. For an isotropicdistribution of inputs,a ¿ dimensionalspaceconstructed
from theprincipalcomponentsis shown to approximatethespacespannedby theunknown weigthvec-
torsof therule. In a secondstep,theoptimalweightvectorsof thestudentarechosenwithin this space.
Sincethedimensionalityof thespaceto besearchedis reduceddrasticallyfrom ¼ large to a £nite ¿ ,
this stepneedsfar lessthan ¿Í¼ examples.

Simulationsfor large but £nite ¼ show, that our algorithmis an ef£cient tool to estimatethe weight
vectorsof the teacheron the basisof given examples.We useour algorithmfor both Soft-Committee
machineswith sigmoidalactivationfunctions Ê anda linearoutputunit, andHard-Committeemachines
with thresholdunits in both layers.For the Soft-Committeemachinewith ¿ ÄÏÎ , it is possibleto
give a good approximationto the teacherspaceafter using as few as ÐlÑÓÒB¿Í¼ examples.For large¿ (while ¿ Ô ¼ ), the numberof examplesneededfor a good approximationscalesfor the Soft-
Committeemachineas ÕlÑÓÖl»×¿Ø·l¼ . In thecaseof Hard-Committeemachines,ouralgorithmis compared
with simulationsof stochastictrainingproceduresfoundin theliterature[4]. Ouralgorithmyieldsagood
approximationof theruleusinga ÙlÚ timessmallernumberof examples.

For anisotropicinputdistributions,anestimatorof thecovariancematrixof thedistribution of theexam-
ple componentsis constructed,which is usedto whitenthematrixusedfor thePCA.

As our simulation resultsprove to be far better than all available simulationsof stochasticgradient
descentmethods,ourmethodcanbeconsideredasaninterestingcandidatefor thedevelopmentof anew
classof algorithmsfor learningfrom examples.
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It Û s necessaryto collecting the dataof travel distribution (O/D matrix) in the transportationplanning
process.But it takeshugecost.Undertheassumptionof theuserequilibriumbehavior principle,many
authors[1], [2] and[3] proposedthemethodsto consistentarc¤ow from traf£c countsfor theestimate
modelto befeasible.

In this paper, basedon useof theMoore-Penrosegeneralizedinverse[4], a new methodestimatingthe
reasonabletravel distribution matrix. The assumptionof the travel behavior includesuserequilibrium
principleof thetraf£cassignmentandthetravel distribution presentedby Entropy model.Thedeveloped
simulatorbasedonJacobianiterative method,Frank-Wolf method,network traf£c¤ow sensitivity infor-
mationhasbeendeveloped.Dueto therobustfeaturesof themethod,theproposedsensitivity information
provide aaccuratesearchingdirection.

In the£rst£gure,thesensitivity informationprovidesanaccuratesearchingdirection,we canestimate
theO/D matrix by arc¤ow thatdetectedor observed.Thesecond£gureis thenetwork exampleandthe
tableshows ustheestimatedO/D matrix.
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Considertheclassof nonlinearoscillatorsof theform

Ü ¹ªÝÜ�Þ ¹�ß�à_á Ý_â É�ãªä á Þ â
å ÁCÚlÃ.ÄLækçådè ÁCÚlÃ ÄLÚ

whereÅdÁ�é�Ã is a ÙPê×ë periodicfunction, Ê is a functiononly dependenton å and ì is asmallparameter. We
areinterestedin theperiodicsolutionswith minimal period ÙPê , whentherestoringterm Ê and Å satisfy
suitableconditions.
By usingmethodsof trigonometricseriesfor solvingdifferentialequationswe prove theexistenceof a
periodicsolutionof thisperturbedDuf£ngequation.
Theseresultsdevelopandextendapreviousones[1].
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Studyingcomplex systemsis typically basedonanalysinglarge,multivariatedatarepresentingboth,the
spaceandthetime variability. Therelatedprincipalcharacteristicsof complexity is coexistenceof col-
lectivity andnoise.Onepossibleframework to quantifysucheffectsis in termsof severalvariantsof the
correlationmatrices.It allows to make useof therandommatrix theoryasanull hypothesisandto iden-
tify correlationsasdeviations.Therelatedusefulcharacteristicsinvolve thestructureof eigenspectrum
andthedistributionof matrixelements.They canbeusedto identify certainsystem-speci£c,non-random
propertiesof thesystem.

Whenaddressingthis sort of questionswe performa systematicstudyof the £nancialempirical cor-
relationmatricesaccountingfor correlationsamongdifferent companiescomprisedby a singlestock
market (basedon the DeutscheAktienindex) [1], betweentwo different,geographicallydistantstock
markets(DAX versusDow Jones)[2] and,basedon high-frequency recordings,evenbetweenconsecu-
tive tradingdays[3]. An interdisciplinarypotentialof thecorrespondingmethodologyis illustratedby
its applicationto othercomplex naturalsystemssuchas the humanbrain [4] (studiedusing the mul-
tichannelmagnetoencephalography recordingsobtainedfrom thehumancortex in responseto sensory
stimulations)andthestronglyinteractingFermisystems[5].

Theresultsdocumentutility of ourmethodologyin quantifyingdeterministicaspects,suchascollectivity
and memoryeffects in the dynamicsof complex systems,as well as its noisecontent.Furthermore,
severalsystemspeci£cnovel empiricalfactsaboutdynamicsof thesystemsmentionedabove have been
identi£ed.Someof suchfactshave alreadybeenpresentedin the literaturecited below. Severalothers
areto bepresented.
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The theoriesof angularmomentumand irreducibletensoroperatorsare two fundamentalconceptsin
studying(classicaland quantum)many–particlesystems.They are thereforewidely appliedin many
differentfields of physicsincluding,for example,£eld theory, atomicandmolecularphysics,quantum
chemistry, solid statephysics,quantumoptics,andothers.Theapplicationsof theseconceptsdoesnot
only concernisolatedmany–particlesystemsbut alsovarious(quantitative) investigationson molecular
and nuclearreactions,collision processes,or even the modelling of living cells. By applyinggroup–
theoreticalmethods,in particular, mostof themathematicaltechniquesof thesetheoriesweredeveloped
by Racah[1] andWigner [2] about50 yearsago.Today, thesetechniquesareoftenbriefly referedto as
Racahalgebratechniques.

Themainpowerof Racah’salgebrafor practicalcomputationsis thatit enablesoneto carryout theinte-
grationovertheangularcoordinatesof a(complex) many–particlesystemanalytically. Theproperchoice
of coordinatesandtheuseof the rotationalsymmetriesof thesystemthenoften allows to reducedthe
numberof independentvariablesconsiderably. In practicalapplications,Racahalgebratechniquestypi-
cally leadto expressionwhich arewritten in termsof generalizedClebsch–Gordancoefficients,Wignerí ë�î symbols,(tensor)sphericalharmonicsand/orrotationmatrices.While, in principle at least,the
evaluationand simpli£cationof suchexpressionsis ratherstraightforward, in practisethis stepoften
becomesvery laboriousandproneto makingerrors.

Over theyears,differentpathshave beendevelopedto overcomethesedif£culties.They includeboth,
the explicit knowledgeof sumrules(asbeenfound in the literatur, seeRef. [3]) aswell asgraphical
methodsto recognizepossiblesimpli£cations.— Today, amorereliablealternative is howeverprovided
by symbolicmanipulations.To facilitatetheapplicationof thetheoryof angularmomentumto a larger
variety of many–particlesystems,we developedthe RACAH program[4] which, in the framework of
MAPLE V, facilitatesboththesimpli£cationof complex expressionaswell asnumericalcomputations.
This new (symbolic)tool is designedto be¤exible andpowerful enoughfor mostpracticalapplications.
Although it is meanwhilebasedon a ratherlarge numberof individual procedures,the knowledgeof
about15 of thesecommandsis still suf£cientto dealwith mostcases.In this contribution, we explain
thesymbolictechniqueswhichhavebeeendevelopedfor thispackage;severalexamples,moreover, will
show how it canbeutilized in (atomicandnuclear)many–particlephysics.
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The interestfor detailedinformationon dustyplasmashasincreasedconsiderablyin the last decades.
This is explainedby its relevantapplications,bothin spaceplasmasandin laboratoryor technology. In
all of thesesystems,the interactionof a dustyplasmaanda solid surfaceis a seriousconcern[1, 2].
Oneof the interestsrelatedto this problemis thegrain charging processin thesheathregion andtheir
in¤uencein thesheathpotential.

In orderto verify theeffectsof thedustparticleconcentrationin thedustchargingprocess,weconsidera
one-dimensionalstationarydustyplasmaconstitutedof thermalelectrons,cold ionsandanuniform, im-
mobilebackgroundof heavy dustgrains.Thedustyplasmais in contactwith aplanecathodenegatively
biasedwheretheincidenceof ionsproducesa beamof energeticelectronswhich arealsoconsideredin
thepresentmodel.Our setupis basedon a modelby Wanget al. [3]. However, no secondaryemissions
of electronsby dustparticlesareconsideredhere.Poisson’s equationandthebalanceof theelectron,ion
andbeamcurrentsenteringthegrain[3] form acompletesetof nonlinearordinarydifferentialequations
for the dust-plasmasheathproblem.Theseequationsarenumericallyintegratedin a fully self consis-
tentmanner, yielding theelectricpotential ï andthedustcharge ð Ü in thesheathregion. Theeffect of
secondaryemissionof electronswill beanalyzedin a future,moredetailed,paper.

In our simulations,we consideredan argon plasmawith an electrontemperatureê1ñòÄóÙ eV and an
unperturbedelectrondensity í ñvçZÄô»qõ�ÕlÚ�¶�ö m÷7½ . The normalizedpotentialin the cathodewas øùÄë'úkïXûPê1ñIÄLÙlÚ , thedustparticleradiusæüÄLýÿþ m andtheMachnumber� Ä � Ù . Thenumericalresults
show thatwhentheconcentrationof dustparticlesis relatively small,e.g., ¼ Ü Ä í Ü ç û í ñ³ç�� ÕlÚ_÷�� , the
dustparticlesdo not affect thesheathpotentialandthecharging processasconsideredin [3]. However,
at increasingvaluesof dustconcentrations,asigni£cantin¤uenceof thechargeddustparticlesis clearly
observed.In the£gure,weshow thein¤uenceof thedustconcentrationin thesheathpotentialø (left side)
andin the normalizeddustpotential � Äôëyú�ð Ü ûlækê1ñ (right side).The sequenceof dotted,dashedand
full curvesrepresentincreasingvaluesof dustdensities,with ¼ Ü � ÕlÚ�÷�� , ¼ Ü �ÆÕlÚ_÷�� and ¼ Ü � ÕlÚ�÷7ö ,
respectively.
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Percolationis relatedto many interestingphenomenain sciences.In recentyearspercolationproblems
with multiplepercolatingclustershaveattractedmuchattention.Mostof thesimulationalstudiesof such
problemshave beenrestrictedto percolationon lattices.However, many physicalsystemswith multiple
percolatingclusterssuchasCarbinodisksusedin thestudyof quantumHall effectsoroil £eldconsidered
in oil drill problemdo not have underlinedregular lattice structures.Thusit is of interestto know the
relationshipbetweenthequantitiesfor percolationon regular latticesandthequantitiesfor percolation
onnot regularlattices,suchasrandomlattices.In thepresentpaper[1], weuseMonteCarlosimulations
to studythebondpercolationon � ¶ õ�� · planarrandomlattices,dualsof randomlattices,andsquare
latticeswith freeandperiodicboundaryconditionsin theverticalandhorizontaldirections,respectively
as in [2], and with variousaspectratio � ¶ û� · . We calculatethe probability for the appearanceof í
percolatingclusters,��� , thepercolatingprobabilities,� , theaveragefractionof latticebonds(sites)in
thepercolatingclusters,��������� ( ��������� ), andtheprobabilitydistribution functionfor thefraction �
of latticebonds(sites)in percolatingclustersof subgraphswith í percolatingclusters,Ê � Á�� � Ã ( Ê �dÁ�� � Ã ).
The randomlatticesaregeneratedby thealgorithmof Christ,Friedberg, andLee[3]. In 1999Hsuand
Huang[4] determinedthepercolationthresholds,critical exponents,anddemonstratedexplicitly thatthe
ideasof universalcritical exponentsanduniversalscalingfunctionwith nonuniversalmetricfactorscan
beextendedto bondpercolationon �Tõ�� periodicplanarrandomlattices,dualsof randomlattices,and
squarelatticesfor theexistenceprobability, thepercolatingprobability, andthemeanclustersize.In this
paper, theresultsareextendedto differentboundaryconditionswith variousaspectrations.Usingasmall
numberof nonuniversalmetricfactors,we £ndthat � � , � , �!� � ��� ( �"� � ��� ), and Ê �@Á�� � Ã ( Ê �@Á�� � Ã ) for
randomlattices,dualsof randomlattices,andsquarelatticeshave thesameuniversal£nite-sizescaling
functions.We also £nd that nonuniversalmetric factorsare independentof boundaryconditionsand
aspectratios.

Many interestingproblemsarerelatedto propertiesof multiple percolatingclusters.It is of interestto
extendthe studyof the presentpaperto higherspacialdimensions.In particular, the studyof multiple
percolatingclustersin threedimensionscouldberelatedto oil drill problem.
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Theeconomicalactivity correspondswith thecertaintime andplacethereforetheconsiderationof the
spatialdependencehasanimportantroleduringsimulationof thenonlineareconomicmodels’evolution.
Slow processesof thecity formationcanbeconnectedwith irregularandregular temporaryoscillations
of somespatialsystem.Thecentralizationof citieswasobservedasin advancedanddevelopingcountries
but now wecanseetheoppositeprocessesof decentralizationin someleadingstates.Suchdifferentcities
asNew York, Stockholm,ParisandTokyo which we canname”parentstate”or ”metropolis” represent
theexamplesof complex urbanforms[1].

Many modelsof cities formation in presentand future time aresuggestedin the economicalgeogra-
phy. Oneof themostinterestingandpromisingmodelsis a spatialdynamicapproachallowing to us to
investigateevolution of cities’ internalstructure.

In thispaperwe presentresultsof thecomputersimulationof thedynamicmarket model[2]#%$
# é &('*),+ Á.-�Á $ Ã�/ $ Ã.ÄLë10�Á $ Ã�2 (1)

where
$ �ôÚ is the local costof goods,0�Á $ Ã×Ä $ ÁCÕyë $ Ã is the local surplusof the offer, -¦Á $ Ã is an

arbitrarypositive scalarfunctionof
$

andthecomputerregion is a regularhexagon.

Theboundaryconditionscorrespondto optimal tradeconditionsbetweenmarket regions.We consider
thestructureof thespatialeconomics(potentialfunction

$
) which is structurallyunstable.Thepotential

functionis givenby thefollowing expression

$ Ä43 ½ ¶ ë�Î53 ¶ 3 ·· &(6 3 ¶ &�7 3 · 2 (2)

where
6

is the cost of the fuel and
7

representsthe volume of the transportationsof the goods.We
investigatedtwo cases:the£rstis when

6 ÄBÚ2 7 ÄBÚ andthesecondcorrespondsto
6 ÄLÚ2 7!8ÄLÚ .

In the£rstcasea self-consistentevolution of a con£gurationwith onecentreleadsto thecon£guration
with threecentres.

In the secondcasewe considerthe con£gurationwith two connectedcenters.During the temporary
evolution this systemtransformsinto thecon£gurationwith two but disconnectedcentres.For example
suchcitiesasKanzas-cityandBolongahave thesimilar structure.
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A MonteCarloprogram,BIOMCSIM, hasbeendevelopedfor simulatingthebiomolecularsystems.

The computationalcomplexity whensimulatingsystemsof high densitylike solvatedproteinsis enor-
mous.TheBIOMCSIM programseeksto provide thesedesirablefeatures.

BIOMCSIM implementsseveral biasingtechniquesto increasethe convergenceof simulations.As an
exampleof its capabilitieswe will presentresultson hydratingan internalwatercavity in BPTI. The
calculatedstructuralandthermodynamicpropertiesof hydrationwatersarein excellentagreementwith
experimentaldata[1]. Usingcavity bias[2] anda novel orientationbiasingtechniqueproved to be es-
sential.

Theprogramis modularlyorganizedandimplementedusinganANSI C dialect.Currentstate-of-the-art
techniquesareimplementedfor treatinglong-rangeforceslike Ewald sum[3]. Short-rangedforcesare
handledusingthesphericalcutoff.

A parallel versionof the programutilizes spatialdecompositionof the molecularsystemand inter-
processorcommunicationis implementedby the MPI protocol.Periodiclocal balancingenablesone
to make mostef£cientuseof theavailablecomputerpower. Theparallelperformancewill bepresented
in benchmarkapplicationsfor molecularsystemsof variablesize.
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Josephsonjunctionnetworks(JJN)arearti£cially fabricatedsystemsin whichstructuresandsomephys-
ical parameterscan be controlled.Furthermore,somekinds of disordercan be arti£cially introduced
to JJNusingmesoscopicfabricationtechniques.Physicalpropertiesof JJNhave beenattractingmuch
attentionnotonly in condensedmatterphysicsbut alsoin thenonlinearscience.In particular, in thepres-
enceof driving currents,pinnedandplasticor elastic¤ow statesof superconductingphases(or vortices)
have importanteffectson several physicalpropertiesof JJN.Concerningthe nonlineardynamicsand
inhomogeneityof theplastic¤ow state,however, thereexist severalunsolvedcomplicatedproblems.

In thisstudy, weinvestigatethenonlineardynamicsof phasesof JJNin magnetic£elds,with emphaseson
a scalingbehavior of plastic¤ow andgeometricaleffectsof arrays.To describethedynamicsof phases,
the resistively shuntedjunctionmodelis employed,andthenthe time evolution of phasesis calculated
usinga moleculardynamicalmethodat zeroor £nite temperature.Two kinds of network structureare
considered,i.e., a one-dimensionalladder(Josephsonjunction ladder)and a two-dimensionallattice
(Josephsonjunctionarray),andthenpositionaldisorderof superconductingislandsis introducedto them.

We evaluatetwo thresholdcurrentsthatcharacterizetheboundariesof theplastic¤ow regime,andan-
alyzethemon the basisof the scalingtheoryof pinning dueto randompotentials.It is found that, for
bothstructures,thetwo thresholdcurrentsshow scalingbehaviors characterizedby certainscalingexpo-
nents.Furthermore,from theanalysesof thecurrent-voltagecharacteristicsandthespatialdistribution
of vortex excitations,it is alsofound that thereexists a closerelationshipbetweenthe inhomogeneity
andnonlinearityof theplasticstate.Severalpeculiarfeaturesof phasedynamicsof JJNarediscussed,
comparedwith otherrelatedmodels.[1, 2, 3].
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In several condensedmattersystemssuchasvortex latticesin Josephsonjunction networks (JJN)and
charge densitywaves in low-dimensionalconductors,essentialfeaturescanbe describedusingphase
variables.Then it is found that plasticity appearsin the phase-phasecorrelationsandplays important
rolesto determineseveralstaticanddynamicalpropertiesof thesesystems.

In thisstudy, by employing two phasemodelsconcerningJJN,i.e.,theresistively shuntedjunctionmodel
andtherandom£eldXY model,we investigatenonlinearplasticbehaviors of phase-phasecorrelations.
Usingnumericalsimulationsbasedon amoleculardynamicsmethod,we calculatethetimeevolution of
phasesandthenthephasecorrelationsin thepresenceof driving forceor current.Wefocusontwo plastic
effects:plasticdepinningandplastic¤ow. Effectsof many degreesof freedomof systemsandcollective
couplingbetweenphasesleadtocomplicatednonlinearbehaviors in theplasticdepinningand¤ow. Using
sometheoreticalconceptsof phasetransitionsandscalinganalyses,we clarify therelationshipbetween
the nonlinearityandthe plasticity of phase-phasecorrelationsin JJNanddiscussalsothe relationship
with thedynamicsof otherrelatedphaseandparticlemodels.
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In thepresentwork weproposeanew method,basedon thedirectcalculationof themutualinformation9
in the mean-£eldapproximation,to obtain a Hamiltonianwhich maximizes

9
within a large range

of valuesfor the activity of the three-stateneuralnetwork. The last is de£nedby the useof a set ofþ Ä Õ2�ÑÓÑÓÑ:2�;üé�ú	< í æ=<?> patterns,@5ACBÈ D(@lÚ2FE'ÕG2 ) Ä Õ2�ÑÓÑÓÑ:2�¼HG , which areindependentrandomvariables
given by the probability distribution ;�Á.A BÈ Ã ÄôæJI�Á=K A BÈ K ·'ëLÕlÃ & ÁCÕ ë æ7Ã�I�Á.A BÈ Ã , æ beingthe æJ�vé ),+L) éM> of
the patterns.The neuronstatesarealsothree-statevariables,N È DO@lÚ2FEyÕG2 ) ÄôÕ2�ÑÓÑÓÑ:2�¼ andthey are
coupledto theotherneuronsthroughsynapticinteraction,thespeci£cform of whichareof theHebbian
type.

It hasbeennoted[1] that theorderparameters,neededto calculatethemutualinformation,arethether-
modynamiclimits of thestandardoverlapof the þ th patternwith theneuron-state,theneuralactivity, and
thesocalled æ��vé )P+L) é�> - Q + ú�<SRªæ*; , which is a measureof thesiteswherethepatternsandtheneuronsare
bothactive.An expansionof

9
on theoverlapandtheactivity-overlaparoundtheir valuesfor thecaseof

neuronsalmostindependenton thepatterns,givesanexpressionfor a Hamiltonianwhich optimizesthe
retrieval propertiesof thissystem.ThisHamiltonianhastheform of adisorderedBlume-Emery-Grif£ths
model[2]. T

ÄBë ÕÙ ÈVU
W ÈVU N È N U ë Õ Ù È � U

¿ ÈVU N ·È N ·U (1)

with randominteractions
W ÈVU Ä ¶X ¹ZY [B É ¶ A BÈ A BU and ¿ ÈVU Ä ¶Y [B É ¶L\ BÈ \ BU .

The dynamicscorrespondingto this Hamiltonianin the extremediluted versionis analyzed[3]. As a
specialcharacteristicof suchnetwork, we seethatinformationcansurvive evenif no overlapis present.
Hencethebasinof attractionof thepatternsandtheretrieval capacityis muchlargerthanfor theHop£eld
network andthephasediagramshows a very complex behavior. Thecomparisonwith theSelf-Control
NeuralNetwork model(SCNN)[1]permitsto obtainthemaincharacteristicsof thepresentmodel:when
theactivity is near æØÄ ÙlûlÎ , correspondingto thecaseof uniform ternarypatterns,themodelimproves
the information,comparedwith the SCNN model,while for small activities, ( æ!� ÑÓÚlÎ ), it performs
worst,giving asmallervaluefor theinformation.Improvementof theinformationcontentby increasing
thenoise,effect similar to thestochasticresonance,is alsoobserved for activities æ]� ÙlûlÎ , which is in
agreementwith resultsfor realneurons.
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Polymerscon£nedby surfacesmodify friction forcesbetweenthesesurfacesandthushave important
applicationsaslubricants.We focuson theaspectsimportantfor nanotribology[1], andareparticularly
interestedin understandingthe implicationsof boundaryconditionssuchas grafting [2] and solvent
quality on frictional properties.This is doneby meansof classicalmoleculardynamicssimulations.

By simplemodi£cationsof the interactionsbetweenthepolymerendgroupsandthewalls, we areable
to anchorthepolymersat thewalls.This allows usto studythedifferencesin thetribologicalbehaviour
betweenadsorbedandgraftedpolymerswithout changingthechemicalnatureof thepolymer. Further-
more,it is possibleto vary thesolventquality. Solventmoleculesarenot treatedexplicitely but indirectly
in termsof a Langevin thermostat.Thequality of thesolvent is taken into accountby changingtheef-
fective interactionsbetweenmonomers[4]. In addition,we vary quantitieslike shearvelocity, distance
betweenthewalls,graftingdensity, andsolventviscosity. No studyhasappearedasyet whichaddresses
systematicallythein¤uenceof graftedvs.adsorbedandgoodsolventvs.poorsolventon thetribological
propertiesof polymerbearingsurfaces.

In thegoodsolventcase,shearthinningis observedthatcanbeattributedto anorientationof theradius
of gyrationalongthesliding direction.This effect is particularlylargefor graftedpolymers,resultingin
smallfriction coef£cientsat largeslidingvelocities.In thiscase,theshearstressesaremainlydetermined
by thedegreeof interpenetrationof thebrushes.For adsorbedchains,thedissipationcanbedescribedin
termsof aNavier-Stokesequation.Both,adsorbedandgraftedpolymersshow aproportionalitybetween
shearstressand normal pressure.The proportionalityconstantincreaseswith increasingvelocity for
adsorbedchainsanddecreasesin thecaseof graftedchains.
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A traf£c dispersionmodelfor congestedroadwasproposedby Baker [1]; however, this modelis a two-
dimensionalmodelwithout sourcedensity. It haslimits morethansinglelanefor traf£c phenomena.In
orderto applymorerealisticroad,a novel three-dimensionaltraf£c dispersionmodelis presentedhere.
In general,traf£c phenomenaof speci£cregion whereneedbeanalysedandstudied,for example,inter-
section,ramp,andpeakroadetc.Comparedwith £nitedifferencemethod,MonteCarlomethod[2] can
calculatethesolutionof aspeci£cpointor regionwithoutcompletingall domaincomputation.Therefore,
it is moresuitablefor thesetraf£cproblems.SincetheMonteCarlomethodis atimeconsumingmethod-
ology. With this new model,traf£c ¤ow simulationsusinga messagepassinginterfaceis implemented.
As a result,therun time is reducedsigni£cantly.

In this work we adaptedvector£eldmethodologyto analysethetraf£c ¤ow property, andto establisha
modelfor traf£c¤ow motionbehavior usingdivergencetheorem.Furthermore,usingthepotentialtheory
studiesby Sheppard[3], therelationshipbetweentraf£c potentialandtraf£c ¤ow waswell constructed.
Then,a novel traf£c dispersionmodel,as ^ ¹Z_^ Þ ¹ &a` · ï Äcb Á.3d2�>e2F�52 é�Ã , where3f2�> arespatialdependent
variables,é is time, � is traf£c capacity, b is traf£c density, and ï is traf£c potential,is presented(Left
Fig.).We£ndout thenumericalsolutionof traf£cdispersionmodelby theparallelMonteCarlomethod
[4]. This methodis ef£cientlyandaccuratelydemonstratedin speci£ctraf£c phenomenaor regions.

Consideringa simpletwo-dimensionalmodelproblemwhich is a mixedtypeproblem,we simulatedby
a parallelMonteCarlomethod.In theprocessof computing,we executetheproposedmodelwith one,
two, four, andeightcomputersrespectively. Theright Fig. asbelow shows thecomparisonresults.It is
conducive to analyzerealtime traf£c information.Therefore,thesimulationof three-dimensionaltraf£c
dispersionmodelby parallelMonteCarlomethodshouldbedonein thefutherwork. An ef£cientMonte
Carlomethodfor speci£ctraf£c region is proposedin thiswork.
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Macroscopictraf£c¤ow continuummodelsbasedon¤ow, densityandspeedhavebeenusedin studying
thebehavior of the roadway. Thesemodelsinvolve partial differentialequationwith suitableboundary
conditions,whichdescribevarioustraf£cphenomenaandroadconditions.And many numericalmethods
have beendevelopedto computethesolutionof traf£c ¤ow continuummodels.In this work, we solve
high-ordercontinuumtraf£c ¤ow continuummodelscoupling with momentumequationon a cluster
computingenvironment.Thismodelis asemi-viscousmodel(SVM) [1, 2]. It considersaccelerationand
inertiaeffectsanddescribesaccuratelynon-equilibriumtraf£c ¤ow dynamics.
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Firstly, we applyanimplicit methodto discretizethePDE(1)-(4).Theimplicit Eulermethodappliedto
thenonlinearPDEsgeneratesa nonlinearsystemof algebraicequations.This nonlinearsystemis then
linearizedwith Newton’s method.This procedureleadsto a linear systemto be solved.Therefore,we
solve thelinearsystemfollows aparallelapproachproposedby Li, etal. [3, 4]. A geometricstaticgraph
partitioningmethodin x-y axis (seemiddle Fig.) is appliedto partition the domainandthe numberof
verticesarealsoassignedto eachprocessor. Theright Fig. is theparallelprogramorganization[4]. The
pre-processorperformsseveraltasks,andoneof thetasksis to preparetheinputdatarequiredoneof the
tasksis to preparetheinputdatarequiredfor eachparallelprocessor. Theappliedapproachherehasbeen
implementedandtestfor varioustraf£c¤ow successfully.
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The traf£c ¤ow modelsareconferredby the LWR model in general,but the LWR modelcan just be
useto analyzethe traf£c conditionson a single laneroadof freeways.The LWR modelassumedthat
following vehiclesreactinstantaneouslyasleadingvehicleschangetheir behavior, but it can’t describe
thediffusionandovertakingof crowedtraf£c ¤ow, andclearly this is not conformedto actualitytraf£c
situation.Therefore,thispaperextendsthetraf£c¤ow analysismodelto analyzetraf£cphenomena,such
asmultilaneconditionsanddiffusionbehaviors of crowedtraf£c.

Themodeldevelopedin this paperis basedon theassumptionof conservation law of vehicleson one-
dimensionwith interchangebetweenroadlanes.Theproposedmodelis asystemone-dimensionalPDE,
soasto describea multilanefreeway. In addition,severalnumericalexamplesareemployedto illustrate
ourmodel.Also, thecomparisonof theLWR modelandourmodelis madeherein.

Themodelof we wantto describeis asfollowing

# å ¶# é &
# å ¶# 3 & Ê ÕlÁ å ¶ 2 å · Ã Ä Ú# å ·# é &
# å ·# 3 & Ê ÙlÁ å ¶ 2 å · Ã Ä Ú

Basedon the modelabove, we use£nite volumemethod[1][2]to computethenumericalsolutionswe
wantto know. Besides,weuseparallelcomputingto computeourproblem[2, 3], andtheinitial resultwe
get is shown that theresultis conformedto real traf£c condition,andthecomputetime is muchshorter
thannormalcomputation.

This papertries to developa physicalbasedtraf£c ¤ow model,which candescribea multilanefreeway
with entrancesandexits.Theaverageanddiffusionbehavior areconsideredin themodel.Themodelcan
beappliedto predictandcontrol traf£c ¤ow on freeway, suchasproviding real-timetraf£c information
andrampmetering,it canbea fundamentalresearchof developingITS.
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Dynamictraf£c ¤ow theoryis a new science,especiallyin theworldwidetrendof intelligenttransporta-
tion system(ITS), forecastingandcontrollingdynamictraf£cphenomenabecomesmoreimportant.This
studyproposesa macroscopicdynamictraf£c ¤ow modelwhich is basedon the LWR model[1], car-
following theory[2] and the second-orderkinetic model[3]. The combinationof threekinds of model
improvesthemacroscopicmodels,whichcanhardlyanalyzetheinteractionbetweenvehicularbehavior.
Thusaself-consistentmodel,whichincludesmicroscopicandmacroscopicbehaviors is proposedherein.
In thisstudy, wediscussthesteadystatecase.Thus,ourmodelis illustratedasfollows:

/1gih�ÁCë1b�þj/1g7ï ë + /kg�b Ã�ÄBÚ (1)
'F),+ hlÁ�ÅL< æ ' ïXÃ.ÄLëml ã (2)

bpÄ Çonpeq rtsFuJv ÷ _peq (3)

Eq.(1) is the steadystateLWR modelwhich couplewith steadysteadystatemotion equation,whereb is ¤ow densityand å is velocity. þ denotes wx	y 2 whereÀ=z denotesrelaxationtime of velocity and
$

denotesinteractionparameter.
+

is diffusioncoef£cient,which denotesþj{ ñF| Eq.(2)is derivedfrom car-
following theorydescribesthe interactionbetweenvehicles,where ì is anadjustparameterand ÅL< æ ' ï
denotestraf£c £eld.Eq.(3) is a stateequation,which is derived from theequilibriumstate.{ ñ denotes
the equilibriumvelocity variance,r denotestheboundaryconditionand ¿'ç�Ñ denotestheessential¤ow
density. Themodelis derivedby ChoandLo[4].

Sincethe modelpresentedhereinis a nonlinearmodel,we introducea monotoneiterative methodto
solve it. The existenceand uniquenessof the solution hasbeenproven in [4]. The monotoneitera-
tive methodwe appliedherecanconverge £rst thanother£nite differencemethodcombinedwith the
Newton� s method.Also, the methodcanconverge whatever initial guessis chosen.The advantagesof
th enumericalmethodmaymake real-timecomputingof dynamicaltraf£c¤ow modelpossible.Another
importancein this study is discussingtraf£c ¤ow in two-dimensionalspace,which can describethe
diffusioneffect on traf£c withoutcomplicatedbehaviorial analysis.

Thisstudyproposesaself-consistentmodel,whichpreventstheinconsistency of assumptionsin amacro-
scopicmodel.Also, in our macroscopicmodeldescribedmore traf£c behavior andcanbeextenedun-
steadymodelor advancedmodels.Thetheoriticaldiscussionof unsteadystatenumericalmethodandthe
existenceanduniquenessareleft for furtherresarches.
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In the trendof developingintelligent transportationsystem(ITS),the requirementof traf£c ¤ow theory
evolvesfrom staticto dynamicsoasto forecastandcontroldynamictraf£c phenomena.However, dis-
cussingdynamicvehiculartraf£c in detailcomplicatedbehavior arefound.Thisstudyanalyzesdifferent
¤ow processes£rst and derives mathematicalmodelsof them.Thevehicular¤ow processesconsider
hereinincludes(1) velocity varianceof a vehicleis largerenoughto passthroughaplatoon,(2) velocity
varianceof a vehiclesis not solargebut it haschanceto passthrougha platoon,(3) a vehiclecatchesa
platoonandis recombinedby theplatoon.Tomodelthesephenomena,drift, pass,anddiffusionprocesses
arediscussed.By theseprocesses,differentformulaof ¤ow areobtained.

After deriving ¤ow equations,wecoupletheseequationswith amacroscopicdynamictraf£c¤ow system,
which is basedon theLWR model[1], car-following theory[2] andthesecond-orderkinetic model[3].
The systemchosenhereinincludesmicroscopicandmacroscopicbehaviors . In this study, we discuss
thesteadystatecases.Let the¤ow equationsdenoteby � Á�b Á.3f2 é�Ã�2 å Ã . Thus,our modelis illustratedas
follows:

/1gihlÁ��×Ã ÄLÚ (1)
'F)P+ h�ÁªÅC< æ ' ïXÃ ÄLë l ã (2)

b ÄL¿ ç resFu�v ÷ _p q (3)

Eq.(1)is thesteadystateLWR modelwhichcouplewith steadysteadystatemotionequation,whereb is
¤ow densityand å is velocity. Eq.(2)is derived from car-following theorydescribesthe interactionbe-
tweenvehicles,where ì is anadjustparameterandÅL< æ ' ï denotestraf£c£eld.Eq.(3)is astateequation,
which is derivedfrom theequilibriumstate.{Gñ denotestheequilibriumvelocity variance,r denotesthe
boundaryconditionand ¿ ç Ñ denotestheessential¤ow density. Themodelis derivedby ChoandLo [4].
By numericalanalyses,the resultsof different¤ow typesareshown andcompared.Also, whatkind of
traf£cconditionis describedby each¤ow equationis mentionedsoasto makedynamic¤ow simulation
systemmorerealized.

This studyproposesa family of ¤ow equationandcouplesthemwith a dynamictraf£c ¤ow systemto
constructa consistentmodel.By thenumericalcomparison,thereexistsdifferencebetween¤ow equa-
tions.Therefore,adifferent¤ow equationshouldbeconsideredastraf£c ¤ow conditionis different.
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Theessenceof thePennamodel[1], appliedin oursimulations,of thepopulationevolutionis thefactthat
it alsoaccountsfor thepossibledeathdueto toomany active ’ ��æ ' ’ mutationsþ , above a thresholdvalueê . In the Pennamodel,mutationsareessentiallyinheritedfrom parents’,yet only a fraction becomes
activatedat age æ of an individual. The ideais thatwe scanthe individual’s genomestring,inheritedat
birth, bit by bit, andcountthebadmutations(if bit is one’1’) up to positionproportionalto age æ . The
Pennamodelis easyfor modi£cationsfor its verymuchopenstructure,andmaywithstandmany possible
andsensiblemodi£cationsof the life gameruleswhich aregreatlysimpli£edin the standardversion.
In¤uenceof ageon fertility andbirth rate[2, 3] is oneof thegreatmany alreadyexploredversions,fully
discussedin [4]. This presentationis anotherattemptto improve classicalmodelfor which, whentime
goeson,proportionalto thetime fractionof genomeis readout andtheencodedbadmutationsbecome
activated.However, it is claimedthat thebiologicalclock runsfasterwhenwe areyoung.In this paper
we considersuitablemodi£cationof themodelrules.We assumefasterrateof genomelearningat £rst,
4 bits readin per ’year’, slowing down at matureage(2bitswhich is anaverageappliedto theclassical
Pennamodel,for reference),andfurtherslowing down to 1bit/yearwhenbecomingold.Main conclusion
from thesimulationis thattheoverallageæ structureof thepopulationsí ÁCæ7Ã is merelyaffected,yetthere
is a seriouschangein thedistribution of active mutationsfor any age æ group í Á�þj2�æ7Ã , þ Ä ÚlÑÓÑ êÆë Õ .
Thereforewe mayexpectthat thestatisticsof thehealthconditionin societyfor differentage æ groups
mayhelpto con£rmor deny thetendency clearlyseenin thesimulation:assumedslowing down rhythm
of thebiologicalclockresultsin healthieryoungpopulationascomparedwith classicalPennamodel,and
for middleageandolderpopulationthe two approachesseemto reproducesimilar distribution. Before
any attemptis madeto comparesimulationagainstreal populationdistribution, we mustextract from
theoverall statisticsthegeneticdeathwhich is thesubjectof themodel.Simulationsweredoneon HP
EXEMPLAR machineat theAcademicComputerCentreCYFRONETon populationof aboutí ÄLÕlÚ�� .
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Shearstressplaysa dominantrole in biomedicaldiseasesrelatedto blood¤ow problems.Convention-
ally, it is calculatedfrom thegradientsof thevelocity pro£lesobtainedfrom experimentalor simulation
models.Recently, the lattice-Boltzmannmethod(LBM) hasattractedmuchattentionin simulationof
complex ¤uid¤ow problems( suchasmultiphase¤owsand¤ow in complex geometry)asanalternative
computationalmethodto studytransportphenomenain ¤uids[1]. It alsooffersinherentparallelismand
straightforward implementation.Furthermore,with LBM it is possibleto computethelocal components
of thestresstensorof moving ¤uidswithout a needto estimatethevelocity gradientsfrom thevelocity
pro£les.Themomentumratetensor, which is relatedto theshearstress,is computedduringthecollision
processfrom thenon-equilibriumpartof thedistribution functions[2].

Here,the theoryof obtainingthe hydrodynamicstresstensorcomponentsfrom the lattice Boltzmann
Method is revisited andvalidatedwith numericalsimulationsfor threetwo-dimensionalbenchmarks:
a channel¤ow, a Couette¤ow with injection and a symmetricbifurcation, for a rangeof Reynolds
numbersusingthebounce-backboundarycondition,theequilibriumdistributionsboundaryconditions
andthevelocity boundaryconditionsproposedby Zou andHe [3]. Thesimulationresultsarecompared
to theoryfor the£rst two benchmarksandto a similar £nitevolumemethod(FVM) simulationfor the
symmetricbifurcation,all showing excellentagreement.Theaccuracy of obtainingthestresstensorfrom
theLBM followstheaccuracy of theboundarycondition.Wehavecomparedtheresultswith theanalytic
solutionderivedfrom theanalyticlatticeBGK solutionfor thevelocity£eldasobtainedby He et.al.[4]
andtheNavier-Stokessolutionfor theshearstressin theCouette¤ow with injection.In thecaseof the
symmetricbifurcation,we £nd excellentagreementbetweenthe LBM andFVM results.To conclude,
themethodprovedto besuccessfulin accuratelycomputingthestresstensorin complex geometry.
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To determinepro£tableavenuesfor improving adesignof acomputermodel,it is usefulto assesstherate
of changeof themodeloutputthatis impliedby changingcertainmodelinputs.Derivativesareoneway
to implementsucha sensitivity analysis.Traditionally, divideddifferencesareemployed in this context
to approximatederivatives, leadingto resultsof dubiousquality at often greatcomputationalexpense.
Automatic differentiation[1], in contrast,is an alternative for the evaluationof derivatives providing
guaranteedaccuracy, easeof use,andcomputationalef£ciency.

Weconsiderthesolutionof anelectrostaticpotentialproblemin anL-shapedregionconsistingof two re-
gionswith mediaof dielectricpermeabilityì ¶ and ì · . Givenacomputerprogramto numericallycompute
theelectrostaticpotentialï , weareinterestedin obtainingderivativesof ï with respectto ì ¶ and ì · . Using
anactualimplementationbasedon thegeneralpurpose£niteelementpackageSEPRAN[2] developed
at Delft Universityof Technology, we computethesensitivities

# ïXû # ì È usingautomaticdifferentiation.
Thepotentialï andits sensitivities

# ïXû # ì · aregivenasfollows:
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The ADIFOR tool [3] is usedto transformthe original SEPRANcode,consistingof approximately
400,000lines of Fortran77, into a new codecontainingadditionalstatementsfor the computationof
the sensitivities. Comparisonswith a divided differenceapproacharereporteddemonstratingnot only
theimprovedperformanceof automaticdifferentiationbut alsoits superiornumericalaccuracy. Wealso
point out that,beyond this particularapplicationfrom electrostatics,the functionalityof automaticdif-
ferentiationallows thesensitivity analysisof a wide rangeof potentialapplicationsfrom computational
physicsin asimilarly easyfashion.
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Cellular Automata(CA) provedto beasuitablemodelto simulatecomplex phenomena,especiallywhen
involving thecompositionof processesof differentnature,e.g.physical,chemical,biological[1]. CA are
basedon a regular spatialgrid of cells,eachoneembeddingan identicalFinite Automata(FA), whose
input is thestatesof neighboringcells;FA have an identicaltransitionfunctionappliedsimultaneously
to eachcell. Theneighboringis de£nedin termsof a spatialpattern,invariantin time andspace.At the
time é Ä Ú , FA arein anarbitrarystateandtheCA evolveschangingthestateof all theFA simultane-
ouslyat discretetime steps,accordingto theFA transitionfunction.Severalprogrammingenvironment
andCA programmingmodelswereproposedandtheir descriptionsarereportedin [2]. TheCA model
proposedin thispaper, calledtheCellular AutomataNetwork(CAN) model[3], extendstheclassicalCA
model.A CAN applicationcanbederivedapplyinga reductionprocessin constructingmodelsfor sev-
eralcomplex physicalphenomena.In a suchreductionprocess,theoverall phenomenonis decomposed
in phenomenologicalcomponents;eachcomponenthasto bespeci£edby apropercomputationalproce-
dureandinteractionsamongthecomponents(informationexchangeandcomposition)mustbede£ned.
TheCAN approachconsistsonsubstitutingthesingleautomatoninto thecell with anetwork (anacyclic
orientedgraph)of automata,whereaphenomenologicalcomponentis computedby anodeof thegraph.
TheCAN modelprovidesthepossibilityto simulatea two–level evolutionaryprocessin which thelocal
cellularinteractionrulesevolve togetherwith cellularautomataconnections.Westresssomepointscon-
cerningthepreviouslydescribedmethodologicalapproachto modelor to transformCA applicationsinto
CAN modelcomponents.Theseaspectshold especiallyon dealingwith macroscopicphenomenachar-
acterisedby transfersof ¤owsfrom acell to its neighbouring.Thestateof thecell canbeindividuatedas
a setof subtates(a substateindividuatesusuallya physicalcharacteristicsof spaceportioncorrespond-
ing to a cell); in theCAN model,eachsubstateis updatedin a nodeof theautomatanetwork; Whena
goodprecisionlevel mustbereached,the¤ow computationcanbetimewastingin standardCA, aseach
cell mustcomputenot only own out¤ows, but alsothein¤ows (thatareout¤ows of neighbouringcells);
while in theCAN context this problemis solvedeasilybecauseall the informationcanbeopportunely
transferredto thenodewherethe£nalcomputationwill beperformed.Furthermore,somebene£tscan
derive form thisnew pointof view, becausesomecomputationaladvantagesarisein individuatecoupled
anduncoupledcomponents.In fact,for aclassof geologicaland¤uiddynamicsproblems,morespeci£-
cally for theSarnolandslidesimulation[4], weobtainedasigni£cantdropof thecomputationalcostson
expressingthemin termsof CAN model.In this paperwe describesomeadvantagesariseon applying
CAN modelto aclassof geologicaland¤uiddynamicsproblems.Weexpectthatasimilarcomputational
gainhappensalsofor modelsinvolving mixedphenomenaof biological,physical,chemicalnature[1].
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TheDavidsonSubspaceDiagonalizationScheme[1, 2, 3] is an importantmethodto computethe low-
esteigenvaluesandthecorrespondingeigenvectorsfor high dimensionaldiagonaldominantmatrices.It
becameastandardmethodin computationalphysicsandchemistry. Theideais to approximatetheeigen-
vectorsby linearcombinationsof expansionvectors.Theprocessingof largeamountsof datawhicharise
in high dimensionalsparseeigenvalueproblemshasalwaysbeena severebottleneckfor theDavidson
method.On theotherhandtheexpansionandproductvectorscontaininformationwhich doesnot con-
tributeto therequestedaccuracy of theeigenvaluesandeigenvectors.
A highly ¤exible andvery ef£cientdatacompressionmethod[4] for both,expansionandproductvec-
torsis presentedwithin theDavidsondiagonalizationmethod.Thedatacompressionmethodis basedon
anerroranalysisof theeigenvaluesin termsof theexpansionandproductvectorsandon compression
schemesfor representing¤oatingpointnumberswith avariablelengthof themantissa.
Dependingon thesparsityof theeigenvaluematrix saving factorsbetween10 and100canbeachieved.
Becausethedatais alwaysprocessedin compressedform theinterprocesscommunicationandtheaccess
to secondarystorageis dramaticallyreduced.
This new approachallows to solve diagonaldominanteigenvalueproblemswith adimensionup to ÕlÚ�¶C¶
on massively parallelarchitectures.
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Electronicstructurecalculationsfor moleculesandsolidsarenowadaysroutinelydonewith awidevari-
etyof codesandmethods.Oneof themaintargetsis thedeterminationof theequilibriumstructure.This
canbegreatlyfacilitatedwith theavailability of analyticalgradients.As a rule of thumb,thenumerical
effort canbereducedby a factor ¼ proportionalto thenumberof parametersto beoptimized.

Gaussianbasissetshave becomethestandardtool in quantumchemistryandnearlyall molecularcodes
rely on thischoiceof basissets.Thesebasisfunctionsarecenteredat thepositionsof thenuclei.All the
contributionsto thetotalenergy suchaskineticenergy, nuclearattractionandelectron-electronrepulsion
dependon integrals over the basisfunctions.Therefore,when computingforceson the nuclei, addi-
tional derivativeshave to becomputedbecauseof this dependenceof thebasisfunctionson thenuclear
coordinates.Thesecontributionsto thegradientsarethePulayforces[1].

Most codesfor solids are basedon plane-wave basissets.In contrastto thesecodes,the CRYSTAL
[2] codeusesGaussianbasissetsin closeanalogyto molecularcodes.The total energy part hasbeen
optimizedover two decadesandthepresentcodeis ableto computetotal energy, bandstructureetcfor
systemswith any periodicity(i.e.molecules,polymers,slabsandsolids).ThiscanbedoneattheHartree-
Fock or densityfunctional level, andalsohybrid functionalswhich have recentlybecomefashionable
(suchasB3LYP, for example)canbeused.

As thetotal energy parthasbecomenumericallystableandreliable,thelack of analyticalgradientshas
becomeoneof thebottlenecksof this code.Thetargetof this contribution is thereforeto summarizethe
£rstimplementationof analyticalgradientsin theCRYSTAL code.

The£rststephasbeenthegenerationof all thederivativesof theintegrals,in closeanalogyto themolec-
ular case.The integralsareevaluatedwith the McMurchie-Davidson algorithm[3], andnew recursion
relationshavebeenimplementedto generatethederivatives.Thesecondstepis themixing of thederiva-
tiveswith thedensitymatrix andthecalculationof theenergy-weighteddensitymatrix,againsimilar to
themolecularcase.Finally, theforcesareobtainedandacomparisonwith numericalderivativesdemon-
stratesthatahighaccuracy (typically 7 digits for moleculesand4 digits for periodicsystems)is possible
[4]. This is to thebestof ourknowledgethe£rstimplementationof analyticalHartree-Fockgradientsfor
systemsperiodicin two andthreedimensions.
Furtherdevelopmentof thecodehasnow becomefeasible:theimplementationof densityfunctionalgra-
dientswill in greatpartsrely on Hartree-Fock gradients,andtools for structuraloptimizationcannow
useanalyticalgradients.
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TheFortuin-Kasteleyn (FK) representation[1] of the Ising modelhasled to greatprogressbothon the
analyticalside with the randomclusterrepresentationof the Ising model,and on the numericalside
by implying theSwendsen-Wang[2] clusteralgorithm.Herewe introducea new representationfor the
Ising model,which extendsthe FK representationto containalso the bondsof the high-temperature
representation, in addition to the FK bond variablesandspins.All previous representationsin terms
of spins,FK-bondsand/orhigh temperaturebondsfollow easily by marginalization.Speci£cally, by
summingover spins,a new representationin termsof FK bondsandhigh-temperaturebondsresults.
Contraryto theFK representation,a magnetic£eldcanbeincludednaturallyhere,in termsof two sets
of source-variables.As a new exact result, clustersof high-temperaturebondsturn out to be strictly
containedwithin FK clusters,explaining,e.g.,a recentconnectionfoundby CaselleandGliozzi [3]. We
pointout resultingconsequencesfor thecritical exponentsof clustersandnew geometricrepresentations
of observables.In thesameway that theFK representationleadsto theSwendsen-Wangalgorithm,our
representationprovidesaclusteralgorithm,which is now alsoapplicableto modelswith £nitemagnetic
£elds.Its scalingpropertieswill beshown. Theapproachleadingto thenew representationalsogivesa
genericformalismfor “tentative updates”andfor treatingmodelswith constraints.

We will thenshow how a simplemodi£cationof this andotherclusteralgorithmsallows us to perform
simulationsdirectlyon in£nitesizesystems[4], completelyovercoming£nitesizeeffects.Thesesimula-
tionsusesingle-clusterupdates,but alwaysstartclustersat thesamelatticepoint, therebyequilibratinga
region of spinswhichgrows assimulationtime increases.Sincetwo-pointfunctionsin clusterrepresen-
tation(“improvedestimators”)have supporton singleclusters,all two-point functionscanbeobtained,
includingdynamicalinformationin thequantumcase.Resultscanbeusedby themselves,andalsoasad-
ditionaldatafor theasymptoticlimit of £nitesizescaling.Themethodis restrictedto thenon-percolating
phase,i.e. ê smallerthan(but right up to) ê�� . For quantummodels,simulationscanalsobeperformed
at
7 Ä�� , i.e. directly at zero temperature.When the numberof iterationsis increased,correlation

functionsat larger distancesbecomeavailable.Limits ð�� Ú and ��� Ú canbe approacheddirectly.
As exampleswe calculatespectrafor thed=2 Ising modelat ����� andfor Heisenberg quantumspin
ladderswith 2 and4 legsat ���!�(27êO� Ú .
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ClassicalMolecularDynamicsarethemostpopulartheoriesto studythetimeevolutionof molecularsys-
temsespeciallyof largesize.However, in caseswherequantumeffectsareimportant,suchastunneling
or whendetailedvibrationalspectroscopy of excitedstatesis available,onemustsolve theSchr̈odinger
equationfor thepertinentdegreesof freedom.Whenthenumberof degreesof freedomis morethanthree
this becomesa formidabletaskfor Pseudospectral(PS)methodswhich requiretherepresentationof the
wave functionin thecompletegrid space.

Recentlywe have exploredFinite Differences(FD) methodsfor solving the time dependentand time
independentSchr̈odingerequation.The view of consideringglobal Pseudospectralmethods(Sinc and
Fourier)asthe in£niteorderlimit of local Finite Differencemethods,andvice versa,Finite Difference
asa certainsumaccelerationof thePseudospectralmethodshasbeenexploitedto investigatehigh order
Finite Differencealgorithmsfor solvingtheSchr̈odingerequationin MolecularDynamics[1, 2]. Radial
andangularvariablesare treatedon the samegroundwith centeredequi-spacedgrids aswell asnon
uniformLegendreandChebyshev grids[3].

Investigatinghighly excited vibrational stateswe have found that the constructionof the continua-
tion/bifurcationdiagramsof classicalperiodic orbits reveals the con£gurationdomainswhereeigen-
statesarelocalized[4]. This informationis thenusedto selectthegrid subspacefor therepresentationof
a family of eigenstateswhich is localizedin thesedomains,thusreducingthedimensionalityproblemin
solvingthetimedependentSchr̈odingerequation.

Resultsfrom 1D to 5D systemswill bepresentedwhich demonstratethestability andaccuracy of High
Order Finite Differenceapproximationsof wave functions comparedto global Pseudospectraltech-
niques.Furthermore,weshallshow thesigni£canceof importantdomainsampling.
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Numerical solution of an inverseproblemfor the hydraulic
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A nonlinearparabolicequationarising in modeling¤ow in homogeneousandisotropicporousmedia
is consideredin which coef£cientsrepresentingwatercapacityandhydraulicconductivity areunknown
andto be determinedfrom overspeci£eddatameasuredon theboundary. The problemis describedby
thefollowing inverseproblemof simultaneouslydeterminingå Á.3d2 é�Ã andunknown coef£cients��Á å Ã andb Á å Ã whichsatisfy

�PÁ å Á.3d2 é�ÃCÃ # å Á.3d2 é�Ã# é Ä #
# 3 Á�b Á å Á.3d2 é�ÃCÃ

# å Á.3d2 é�Ã# 3 Ã�2 Á.3d2 é�Ã�D �Gç ÄBÁCÚ2�ÕlÃ¦õ�ÁCÚ2 ê×Ã (1)

å Á.3f2�ÚlÃÿÄ å ç?2 3�D ÁCÚ2�ÕlÃ�2 (2)# å# 3 K g É çyÄLÚ2 é�D ÁCÚ2 êüÃ�2 (3)

å ÁCÕ2 é�Ã Ä Ê Á�é�Ã�2 é�D ÁCÚ2 ê×Ã�2 (4)

subjectto theoverspeci£cations � Á�é�Ã Ä å ÁCÚ2 é�Ã�2 (5)

ÅdÁ�é�ÃÿÄ�b Á å Ã # å# 3 K g É ¶ Ñ (6)

Suchproblemsarise,for example,in modeling¤ow in homogeneousandisotropicporousmedia.If we
interpretå Á.3f2 é�Ã aspressurehead,then ��Á å Ã and b Á å Ã maybeinterpreted,respectively aswatercapacity
andhydraulicconductivity for porousmedium[1].

Oneapproachto solve this problemreferredto in theliteratureasthemethodof outputleastsquaresis
to assumethat the unknown coef£cientsarea speci£cfunctionalform dependingon someparameters
andthenseekto determineoptimalparametervaluessoasto minimizeanerrorfunctionalbasedon the
overspeci£eddata.Theapproachof methodpresentedin this paperis notof this type.Thestrategy used
hereis to approximateunknown coef£cientsby polygonsandeliminatetheir in theequation,usingover-
speci£eddatameasuredon theboundary. In sodoing,theproblemcanbetransformedinto thestandard
nonlinearinitial boundaryvalueproblemin which coef£cientsarefunctionsdependingon thevaluesof
unknown solutionand theirsderivatives.Suchproblemcanbe solved by the £nite differencemethod
andtheunknown coef£cientscanbedeterminedfrom thenumericallyobtainedsolution.In otherarticles
[2,3] by usingthis approachwe have consideredthe problemsof determiningsingleunknown coef£-
cient in a nonlinearparabolicequation.Herewe develop this approachfor the caseof simultaneously
determiningof two unknown coef£cientsin equation(1).
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Thestructuralpatternformationat the interfacebetweena magnetic¤uid andanotherimmisciblenon-
magneticliquid in a thin horizontalHele-Shaw cell madefrom two transparentplatesis studiedusinga
powerful new latticeBoltzmannmodelfor magnetic¤uids.

Magnetic¤uidsarearti£cialcolloidal suspensionsof small ferromagneticparticles.Themagnetic£eld
canserveasaneffectivemeansto exercisecontrolovermagnetic¤uids.SeverallatticeBoltzmannstudies
have ever tried to simulatethe magneticmomentscarriedby particlesin such¤uids[1]. We applieda
new type of two-dimensionallattice Boltzmannmodel for a magnetic¤uid, which we have already
developedby the appropriateextensionof the lattice Boltzmannschemefor magnetohydrodynamics
[2], to the simulationof the structuralformationof a magnetic¤uid which includesthe effect of the
internal angularmomentumand the magneticinteraction[3]. This new modeldealswith a magnetic
¤uid asa single-phase¤uid andcandealwith the internalangularmomentumcausedby themagnetic
dipolemomentmoreef£cientlythanpreviousmodels,becauseit dealswith magnetic¤uidswith asingle
component.

Weappliedthisnew typeof latticeBoltzmannmodelfor magnetic¤uidsto theproblemof patternforma-
tion with two components,which area magnetic¤uid andanotherimmisciblenon-magneticliquid, on
2D triangularlattice.Several interestingmorphologiesin thepatternformationat theinterfacebetween
thesetwo kinds of liquids have beenobtainedexperimentallyby the alternatingmagnetic£eld or by
changingthecontrolparameters[4].

Our numericalresultsshow that labyrinthine,stripeandbubblepatternsareinducedby a staticperpen-
dicularmagnetic£eld,andthecellularstructure,thenon-magneticbubblelatticeandthering structure
areformedby analternating£eld.It is thoughtthat theseequilibriumstructuresaredueto thedelicate
balancebetweenvanderWaalsattractive interactionsandlong rangemagneticdipolarrepulsion,which
minimizestheenergy of thesystem.

Theseresultsare relevant to understandthe mechanismandconditionsfor the formationsof patterns
experimentallyobserved in magnetic¤uids.Possiblityof providing controlover thestructureof a mag-
netizablemediahasgreatsciecnti£cimportance.ThelatticeBoltzmannprocedureis convenientto study
themechanicalpropertiesof thesecomplex phenomenanumerically. It is suitableto describesuchcom-
plex hydrodynamics,becausedetailsabouttheshortrangebehavior of a ¤uid aregivenup in exchange
for complex interactionsin ¤uids.
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Evolutionaryalgorithms[1], suchasgeneticalgorithms,evolutionarystrategies,andevolutionarypro-
grammingof numericaloptimizationarepopulation-basedparallelsearchmethodsinspiredby thebio-
logical genetics.Recently, thepresentauthor[2] hasshown that theevolutionaryprogrammingcanbe
successfullyusedto £nd the lowestenergy structureof atomicandmolecularclusters[2]. In the tradi-
tional evolutionaryprogramming,thecontinuousvariablesareperturbedby therandomnumberscalled
”mutation”, which follows theGaussiandistribution ;dÁ.3}Ã [1, 2]:

;�Á.3$Ã Ä Õ� Ù5��N · sFuJv ë'Á.3$ûN1Ã · (1)

and the ”strategy parameter”N is self-adaptedduring the evolution of the population.Therefore,nei-
therthecumbersomeplanningof coolingschedulein simulatedannealingnor thelocal optimizationby
gradientin geneticalgorithmis necessaryin evolutionaryprogramming.

In thispaper, weproposeanew generalizedevolutionaryprogrammingalgorithmbasedon themutation
which follows Lévy-typedistribution:

;dÁ.3$Ã Ä ¼��
Á�Õ & ÁCð ë�ÕlÃCÁ.3$ûN1Ã · Ã ¶Z� á � ÷1¶ â (2)

insteadof Gaussian(1), where ¼�� is the normalizationconstantand ð is the parametercharacterizing
the power-law distribution. This Lévy-typedistribution is know to reproduceGaussian,Cauchy, and
Student’s t-distributions when ð is somerational numbers.Generally, however, ð can be fractal, and
this distribution canbe derived from the Tsallis generalizedstatisticalmechanics[3]. This Lévy-type
distribution is characterizedby the so-calledfat-tail when ð�� Õ , so that occasionallong jumps oc-
cur, which make the spatialsearchmore effective than the intensive searchby the traditional narrow
Gaussiandistribution.Wehave modi£edtheevolutionaryprogrammingalgorithmcompiledby previous
researchers[4] by replacingtheGaussianmutationwith theLévy mutation.We have testedour new al-
gorithmsusingseveralhardtestfunctionswith numerouslocal minima.We foundthat theperformance
of ournew evolutionaryprogrammingalgorithmusingthefat-tailedLévymutationwith ð��LÙ surpasses
theperformanceof thetraditionalalgorithmfor hardproblems.
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Origin-Destinationmatrices(O-D matrices)representingtrip demandsfrom oneplace(origin) to another
(destination)arethemostessentialinput datato many transportationandtraf£c engineeringanalysis[1].
Traditionally, O-D dataaremainlyusedin transportationplanning,decidingthelocationof astationand
schedulingthefrequency of thetransitfor anurbannetwork.

Dueto thefactsthatthenumbersof passengersfrom a certainorigin or to a certaindestination,denoted
by y, areeasyto obtainandthepath¤ows, denotedby x, arenot directly observable,we formulatethe
interrelationbetweenx andy andthe dynamicsof x by a statespacemodelwith unknown transition
matrix.Conventionally, ChangandWu [2] useextendedKalman£lteror imposeassumptionsto modify
themodelto estimateO-D ¤ow matrix [3][4].

In thispaper, wedevelopaMarkov chainMonteCarloalgorithmto estimatetheO-D matrixandpredict
future¤ows for our nonlinear, hencenon-Gaussion,state-spacemodel.Themethodologyis appliedto
the dataof Taipei rapid transitsystemin the tablewhich gives£ve-minutecountsof passengerwhose
destinationis Taipei main station.In the £gure,the estimateddatapatternis similar to the real data
pattern.
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Thanksto agreatprogressin powerof computersandsimulationapproaches,moleculardynamics(MD)
simulations[1] of multi-atomicsystems(solids,surfaces,polymersetc.)havenow becomepossibleeven
usingsophisticatedinter-atomicpotentials[2] and£rstprinciplesforcecalculations[3]. Ef£ciency and
reliability of thesesimulationsalsostronglydependonavailability of algorithmsthatprovide anaccept-
ableaccuracy in the energy conservation at high time stepsIhé for integrationof Newtonianequations
of motion.Unfortunately, all moreor lesscomplicatedintegrationalgorithmshave in factno preference
over simple3th-ordervelocityVerletalgorithm(VVA) at Ihé��LÕlÚ ÷1¶�ö s.

Thispaperpresentsa few new algorithmsthat,unlike otherones,provideoneor two orderof magnitude
improvementin predictionof particlepositionsandenergy conservation ascomparedto VVA at high-
timesteps.Thesealgorithmsexplicitly accountfor alocalcurvatureof potentialrelief, the£rstderivatives
of forces(accelerations),for particles.Note that Gearpredictor-corrector algorithm(GPCA),which is
the mostaccurateamongotheralgorithms,usesoneoremoreadditionalforce calculationsto improve
results.At £rst sight, from the viewpoint of ef£ciency of simulations,additionalforce calculationsin
GPCA andcalculationsof force derivatives in our algorithmsseemsall the same.However, the later
actuallyconsumesconsiderablylesstime thanthe former, becauseforce derivativescanbe calculated
simultaneouslywith forcesat thesameforcecalculationloop andusingthesamequantities(exponents,
squareroots,etc) evaluatedfor the forces.Note it is possibleto avoid calculationof force derivatives,
storingonemorememoryword for accelerations.

In the oneof proposedalgorithmsthe positions, � , andvelocities,
+

, of particlesareadvancedusing
following equations

� Þ ß � Þ Ä Õ ë ÕÕlÙ
' æ Þ' � Þ Ihé · ÷1¶ � Þ &�+ Þ Ihé & ÕÕlÙ ÁCÒlæ Þ ë=æ Þ ÷ � Þ Ã�Ihé · 2 (1)

+ Þ ß � Þ Ä + Þ & ÕÕlÙ ¡ Ðlæ Þ & ýlæ Þ ß � Þ ë=æ Þ ÷ � ÞZ¢ Ihée2 (2)

where æ Þ is particle’s accelaration;
' æ Þ û ' � Þ is its derivative with respectto particle’s position � .

Thealgorithmsaretestedin boththesimplestmodelsystemsandsiliconclustersusingtheself-consistent
semiempiricaltight-bindingmethod[4] for theforcecalculations.It wasshown that theproposedalgo-
rithmscouldprovide,besidesasigni£cantimprovementin theenergy conservation,5-10timesspeedup
of typicalMD simulations.
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Methodsof automaticclassi£cationareestablishedin many £eldsof varioustechniques,sofor instance
in imageandspeechprocessingor patternrecognition.In the automaticcontrol engineering£eldsof
applicationsareespeciallythe fault diagonsis,processmonitoringandproblemsof prognosis.Classi-
£ersareusedin specialkinds of controlsto selectapproximatedsubprocesseswhich describea whole
nonlinearprocess.Heretheclassi£erhasthetaskto detecttheactualprocesssituation.

We have to solve threesubproblemsin mostcases.Thesethreesubproblemsaresignal preprocessing,
feature generation andclassi£cation. Thesignalpreprocessingsupportsthepreparationof thedatafor
the furthernumericprocessingin a computer. The feature generation follows thesignalpreprocessing.
Thesituationvectorwith measureddatais transformedin a featurevectoranda suitablefeaturespace.
Here the algorithmsof featureextraction analysethe featurespacesand selectsuitablefeatures.The
classi£erexecutestheassignmentof anobjector anactualprocesssituationto aclass.Theclassi£cation
is basedon theselectedfeatures.A high quality for thedecisionsneedsacarefulfeatureselection.

Anotherway to designaclassi£cationsystemdon’t usethesesubcomponents,becausethedisadvantage
of this designprocessis the inhomogeneousway. Now we have threelevels which allow the design
andtrainingof a classi£cationsystemwith a dynamicstructure.Eachlevel of theclassi£cationsystem
interactswith anotherlevels of this system.The data level includesall signalprocessingroutines,so
themeasurementof processdata,signalpreprocessingandsignaltransformations.The feature level is
necessaryfor the investigationof the featurespace.Last not leastwe needthe decisionlevel for the
aggregationof multiple decisionsandtheanalysisof the£tnessof thewholesystem.

In this articlewe want to discussthe featurelevel especially. A new tool for theanalysisof the feature
space— the cellular space— is shown. Additional this article introducesa mathematicalmodel to
describetherelationsof betweendataobjectsof a learningsample.Thecellularspaceis theresultof the
discretizationprocessof apartof thefeaturespace.Theorthogonalareaof thefeaturespace£ including
thewholelearningsampleis calledasanalysisspace¤ , whichwe wantto rasterizein subspaces¥ .

Now weneedmathematicalmodelsfor workingwith thiscellularspace.Thisarticledescribestwo mod-
els: the densitymodelandthe £eld model. Both modelshave advantages,but disadvantages,too. The
modelsaredevelopedfor variousconditions:thedensitymodelleadsto goodresultswith largesetsof
objects,it is recommendedfor investigationsof heterogeneityandfeatureextraction.The £eld model
leadsto smoothobjectdescriptionsin theanalysisspace.It’s advantageis thepossibilityof theextrapo-
lation im empty, new areasim thefeaturespace.Thefavouriteapplication£eldis theclusteringof data.
Two simulationscalculatedwith thesemodelsarediscussed.
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In many ¤uiddynamicsapplicationsoneis interestedin thedispersionof asolutein a¤uid.An example
of suchaconvection-diffusion problemis thetransportof nutrientstowardsagrowing coralcolony [2].

Apart from numericsolutionsof theconvection-diffusionequation,severalmethodshavebeendeveloped
to solve convection-diffusionby releasingtracerparticlesin latticeBoltzmannsimulations.Oneof these
methodsis the Lowe-Frenkel method[3] thatwe aim to validatein this paper. In this methoda single
scalarper lattice Boltzmannsite for eachtracerspeciesis propagated.The directionof propagationis
biasedby thevelocity£eld.

Weareunawareof any attemptstonumericallyvalidatetheLowe-Frenkel methodagainstanalyticbench-
marks.Weundertakesuchvalidationby comparingtheLowe-Frenkel methodagainsttheanalyticTaylor-
Aris resultof tracerdispersionin two- andthree-dimensionaltubes[1].

The Taylor-Aris theorypredictsthe dispersionof solutein a tube¤ow abouta point moving with the
mean¤ow velocity ¦å . Aris hasshown that the dispersioncoef£cient ¿ is the sum of the molecular
diffusioncoef£cient § z anda contribution by convection, ¿ ÄO§ z &©¨ª6 ·ª¦å ·lû§ z , where

¨ Ä ¶·k¶ ç for
a 2D and

¨ Ä ¶}�« for a 3D Poiseuille¤ow;
6

is thetubecrosssectionfor a 2D ¤ow andthetuberadius
for a3D ¤ow.

We track the dispersionof an initial point pulseof tracerin the middle of the tube,by measuringthe
£rst( N%g ) andsecond( N�·gFg ) ordermoments.After aninitial transient,approximatelythetime neededfor
thesoluteto reachthewall of the tubeby diffusion, thevarianceof tracer ¬ ÄcN ·gFg ë Á�NJg�Ã · increases
linearly with thedispersioncoef£cient ¿óÄ ¶· ^=^ Þ . This lineardependenceno longerholdsif a fraction
of tracerhasreachedtheendof thetubeandreentersthetubeover theperiodicboundary.

We have measuredthedispersioncoef£cientin 2D and3D Poiseuille¤ows for Pécletnumbersbetween
0 and55 andfor Reynoldsnumbersbetween0 and55. LatticePécletnumbersrangefrom 0.0 to 0.55.
Themeasureddispersioncoef£cientsfor the2D and3D ¤owsagreewell with thetheoreticalprediction;
in all experiments,evenfor thehighestvelocity, wemeasuredispersioncoef£cientsof atmost5%below
thetheoreticalvalue.

Relativetoothermethodsfor solvingconvection-diffusion, theLowe-Frenkel isef£cientandrequiresfew
memory. Within the rangeof Péclet-numberswe have measured,themethodgivesgoodresultsfor the
Taylor-Aris problem.We concludethat theLowe-Frenkel methodis a valuableandvalid computational
tool for thesimulationof convection-diffusion processes.
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Theproblemof theaccuracy of moleculardynamicsimulationsis discussedin thecontext of theLya-
punov trajectoriesinstability. The problemis importantwhencomputingcorrelationfunctionsfor the
systemsof collectivedegreesof freedomcomparableto unity. Thetime é z , duringwhichthebehavior of
adynamicsystemcanbepredictedfrom initial conditionsanddeterministicequationsof motion,is called
thedynamicalmemorytime.After é z thecorrelationsbecomestochasticdueto theLyapunov instability
andasmallnumericalerror. Thedynamicalmemorytimedependsonasimulationschemeandstochastic
propertiesof thesystemareinvestigatedsuchastheLyapunov exponent(Krylov-Kolmogorov entropy)¿ . Thesepropertieswerecalculatedfor neutralparticlesin [1, 2] andfor one-componentstronglycou-
pledplasmasin [3].

We considertwo-componentstronglycoupledplasmasin equilibrium andnon-equilibriumstates.The
valuesof ¿ andé�z arecalculatedfor both,electronsandionswith massratios ÕlÚGë�ÕlÚ ö . Thedetailsof
thecomputationmethodis presentedin [4]. TheLyapunov exponentturnsout to be independentof the
initial displacementandis thesamefor thedivergenceof coordinatesandvelocities.It is found thatat
theinitial stageof trajectoriesdivergence,thevaluesof ¿ for electronsandionscoincide.At é�Ä�é�z the
divergenceof electronsreachesits saturationlevel. Thereforeat é�� é�z only ion trajectoriescontinue
to diverge exponentiallywith anothervalueof ¿ dependingon the massratio. The dependenceof ¿
and é z on thenumberof particles,thenonidealityparameterandthe form of the interactionpotential,
areinvestigated.In thenonequilibriumcase,the ¿ valueis foundto becloselyrelatedto therateof the
kineticenergy growth.

A universalrelationbetween¿Øé�z andthe¤uctuationof thetotal energy of thesystemis obtained.This
relationdoesnot dependon a numericalintegrationscheme,temperature,density, andthe interparticle
interactionpotential,so that it may be appliedto arbitrarydynamicsystems.The transitionfrom the
dynamicalto the stochasticregime is investigatedin the electronand ion velocity correlationfactors
aswell as in the Langmuirandion-soundplasmawave dynamicstructurefactors.The dependenceofé�z on the numericalnoiselevel is logarithmic,thususinga very small valueof integrationstepdoes
not increaseé�z signi£cantly. It constitutesa problemwhencomputinglong wavelengthregionsof both
Langmuirandion-soundplasmawavesor thetheautocorrelationfunctiontail.
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Semiconductorquantumdotsarenow underanextensive studybecausethey demonstraterich properties
of ”arti£cial atoms”.Unlike for ”natural atoms”,thequantumdot propertiescanbe controlledtechno-
logically [1]. Recentadvancesin semiconductornanotechnologymakeit possibleto considersystemsof
coupledquantumdots”arti£cial molecule”).Themainfuturein thissystemis aneffectof theelectronic
structuretunability by dot-to-dotelectronicentanglementandchargetransfer[2]. This considerablyen-
hancesphysicalandpracticalinterestto arti£cial semiconductormolecules[2, 3]. Most of theoretical
studiesof thosesystemshave beendonewithin a two dimensional(lateral)geometryandtwo dimen-
sionalcon£nementpotentialmodels[2]. In thesametime,therealthreedimensionalapproachcanallow
usto enhancesuf£cientlythesystemtunability range.

In this work we computethegroundstateenergy andwave functionof electronscon£nedin small three
dimensionalcoupledquantumIn ¶C÷ g Gag As dotsembeddedinto GaAsmatrix. The dotshave the disk
shapesandareseparated(in thedisksymmetryaxisdirection)by acertaindistance.Wetreattheproblem
with aneffectiveoneelectronicbandHamiltonian,energy andpositiondependentelectroneffectivemass
approximationandBenDaniel-Dukeboundaryconditions.A hard-wall (of £niteheight)treedimensional
con£nementpotentialisused.TosolvethreedimensionalSchr̈odingerequationweemploy full numerical
solutionusing£nite differencemethodandbalancedQR algorithm[4]. In the casewhendotshave a
big differencein 3 parameterwe canconsidera situationwhenoneof separated(very large interdot
distance)dotshasonewell boundstateandanotheronedoesnot.Then,thedistancedecreasingleadsto
aninductionof an”additional” weakboundelectronenergy state.

The£guredemonstratesboththe£rstboundenergy state(lower line) andtheinducedenergy state(upper
line) asfunctionof the interdotdistance.Both dot have thesameradius( ÒlÑÓý nm) andheights( ÕlÑÓý nm).
For the£rstdotwe choose3ÍÄBÚ andfor thesecond3�Ä ÚlÑÓÙ .
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Theoperationof deepsubmicronMOSFET’s is now enteringa regime in which quantumcon£nement
effects(QCE)becomenoticeableandclassicaltransporttheoryis no longersuf£cientfor accuratemod-
eling of operatingcharacteristics.Developmentof metalgateandhigh-k dielectricmaterials,suchasÁ�® X 2F¯S°cÃ�ê È�± ½ , ê ÈM± · , or ²³° ± · is a novel alternative to fabricatedeviceswith reliableandhigh quality
characteristics.Oneof themostobviousQCEis thattheinversionlayerchargedensitycalculatedusing
quantummechanicsapproachis smallerthanthatcalculatedclassicallyfor a givenappliedgatevoltage,
thusaffectingtheshift of theC-V curves.Simulationmodelsfor QCE,e.g.,VanDort, Hansch,MLDA,
densitygradient(DG), and Schrodinger-Poisson(SP) modelshave beenreceived many interestsand
appliedto thin ¯ È�± · studiesin MOSstructures[1, 2].

In this paper, a self-consistentSPanda DG areappliedto studytheQCEnumerically. TheC-V charac-
teristicof MOSstructurewith highdielectricconstantoxides,²´° ± · , is theninvestigatedby meansof the
developedsimulators.Thequantumtransportresultsarefoundto comparequitewell with experimental
data.Comparisonsarealsomadewith resultsobtainedusingclassicalsimulationsandtheseapproaches
aswell (seeleft Fig.). In orderto solvethemodelsef£ciently, aparalleldivide-conquermethodis applied
to solve SPmodelanda monotone£nitevolumescheme[3] is derivedfor DG model,respectively. The
£rstalgorithmproposedhereis givenfor fastcalculatingthecarrierwave functionandenergy levelsof a
largesparsebandmatrixof discretizedSchordingerequation.It’s stableandfor a largeclassof matrices
it is, asymptotically, fasterby anorderof magnitudethantheconventionalmethod.ThediscretizedDG
model leadsto a systemof nonlinearalgebraicequationsthat is thensolved by monotoneupperand
lower iterative methodinsteadof conventionalNewton’s iterative method.Both of this two simulations
have beenimplementedsuccessfullyandtestfor variousapplicationsin high-k gatedielectricsandultra
thin oxidesMOS structures.Someparallelbenchmarksarealsogiven to show a goodcomputational
ef£ciency (right Fig.).
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Dueto theunusuallyhigh linearityof heterojunctionbipolartransistors(HBTs)athigh frequences,these
device structureshave beenof greatinterestsfor wirelessapplicationsin recentyears[1, 2]. A standard
approachto analysethe physicalbehaviors for an HBT circuit is to solve a set of equivalent circuit
ordinarydifferentialequations(ODEs)in frequency domain(FD). Theharmonicbalancedmethodis a
wayfor thesolutionof theHBT ODEsin FD. ThediscretizedODEsin circuit simulationarethensolved
with theNewton’s iterative (NI) methodtraditionally. However, NI methodis a localmethod,in general,
it convergesquadraticallyin asuf£cientlysmallneighborhoodof theexactsolution.

In thispaper, anovel simulationmethodfor HBT physicalcharacteristicscalculationsin large-scaletime
domain(TD) is proposed.This approachis mainly usingthemonotoneiterative (MI) methodinsteadof
theNI methodto solve theODEs.TheMI methodhasbeensuccessfullydevelopedandappliedto semi-
conductordevice simulationby usearlier[3, 4]. Basedon waveformrelaxation(WR) andMI methods,
theHBT circuit ODEsaresolvedin TD. Comparedwith theNI method,thismethodconvergesglobally
andis inherentlyparallel.First of all, a setof ODEsaredecoupledwith WR method.Eachdecoupled
nonlinearODE is thensolved directly with MI technique.The proposedcomputationalapproachhas
beensuccessfullyimplementedon a PC-basedclusterwith messagepassinginterface.Theprimarypar-
allel resultsshow that a well-designedparallelalgorithmcanreducetheexecutiontime up to an order
of magnitude.As shown in Figs,theleft 2 Figsshow theTD resultsof ¬ È � (solid), ¬ � (dotted)and ¬�µ Ý Þ
with asquarewave inputsignalandtheright Fig show theTD resultwith a two-toneinputsignal.

In ashortconclusion,anovel circuit simulationthatbasedontheWR andMI methodsis proposed.With
this approach,high frequency physicalcharacteristicsfor an HBT circuit is directly analysedfrom TD
results.Numericalresultson a realisticHBT arealsopresentedto show theaccuracy andef£ciency of
themethod.
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Solid electrolytes,possessinganionic lithium conductivity, arevery interestingsubjectsdueto thetwo
mainreasons:£rstly, for fundamentalstudyingof thetransportmechanisms,and,secondly, dueto their
speci£cindustrialapplicationsasa high power batteries,chemicalsensorsandseparators.Phenomenon
of thelithium ionic conductivity occursthroughthepeculiarinteractionof thelithium ion with theTiO½
sub-latticeand,as the result, it dependson the orderingof La andLi atomsin the perovskite lattice.
Therefore,studyingtheelectronicstructureof theLa ¹¾ g Li ½ g TiO½ oxidesseemsto beimportantfrom the
bothabovepointsof view. At present,therearenotheoreticalinvestigationsof theatomicandelectronic
structureof lanthanum-lithiumtitanates.Theseinvestigationsarenecessarystepfor understandingthe
natureof thesuper-ionic conductivity phenomenon.

In thepresentwork, we have carriedout thetheoreticalandexperimentalinvestigationsof peculiarities
of the electronicstructureof the Laç
| ö Li ç
| ö TiO½ compoundandtried to clarify the in¤uenceof the La
andLi atomsorderingontheenergy spectrumof valenceelectrons.Now thereis notheoneopinionasto
thecrystalstructureof theLaç
| ö Li ç
| ö TiO½ compound.We have preparedthesamplesusingthedifferent
methods,andthisresultedin adifferentorderingof theLa andLi atomsin thiscompound.As theobjects,
we have chosenthreestructureswith thedifferentLa andLi atomsordering.In orderto determinecell
parametersandatomiccoordinatesfor eachstructure,we have carriedout the setof the total energy
calculationsfor thedifferentpositionsof atoms.

Using thehighly accurateab-initio Full PotentialLAPW method[1] of thebandstructurecalculations,
we have calculatedthe lattice parameterand the electronicstructureof the compoundswith a good
accuracy. Experimentally, the electronicstructureof the sampleswas studiedby the X-ray emission
spectroscopy. TheO K

6
emissionspectraof theLaç
| ö Li ç
| ö TiO½ compoundwereobtained.

From our studieswe canconcludethatamongthosethreeinvestigatedcrystalstructures,modelingthe
atomicstructureof the Laç
| ö Li ç
| ö TiO½ compoundandcorrespondingto the differentLa andLi atoms
ordering,themostadvantageousis thestructurewith thealternatingLa andLi layers.For this structure
we have reacheda goodagreementbetweentheexperimentalandcalculatedK

6
spectraof theoxygen

atoms.This is dueto thepresenceof thedifferenttypesof nonequivalentoxygenatomssituatedat the
differentinter-atomicdistancesfrom thetitaniumatom.
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Wehaveusedthemethodof moleculardynamicsfor computersimulationof atwo-phasetwo-component
systemgas- nonvolatile liquid.

Two spatialregionswereconsidered.Thesearevolumeof aliquid phaseandsurfacelayerof agasphase.
It wassupposedthatanonvolatilecomponentexistsonly in aliquid phaseasmonoatomicmolecules,and
avolatilecomponentexistsin agasphaseasdiatomicmoleculeswhile in acondensedphaseasmonoand
diatomicmolecules.Thatcorrespondsto solutionsof elementB½ in A ¾»¾»¾ (suchasGa-P, InP).Association
anddissociationof volatile componentdiatomicmoleculesoccursmainly in asurfacelayerof theliquid
phase.TheLennard-Jones(6-12)potentialwasselectedasapotentialof molecularinteraction.Potential
parametersfor a caseof GaPsystemsimulationwere taken from [1], [2]. Coordinatesandvelocities
of the volatile componentmolecules,both in a liquid and in a gasphase,were determinedthrough
solutionof theequationsof motion.Thein¤uenceof moleculesof thenon-volatile componentwastaken
into accountvia calculationof stochasticforce.Coordinatesof non-volatile componentmoleculeswere
assignedrandomlyin spherearoundof eachmoleculeof the volatile component.Suchapproximation
supposesthat thenearestenvironmentof eachmoleculeof thevolatile componentchangescompletely
oneachiteration.In thisconnexion thevalueof anintegrationstepwasselectedequalto averagetimeof
moleculesfreerun in a liquid phase.

This modelenablesto simulatesystemscontainingmorethan10� particlesat time of simulationabout
10÷ « seconds.Applicationthis modelto thesystemGa-Pallows evaluateenergy of moleculesP· asso-
ciation,energy of interphasepotentialbarrierand¤uxdensityof moleculesP· atT=1000K.
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It is known that structurefactor ¯ Á��×Ã of liquid germaniumhasa clearshoulderon the high-� sideof
the £rst peak,which is relatedto a complex local structureoriginating from somekinds of chemical
bonds.However, it is not understoodhow thesechemicalbondsaffect dynamicstructure.In this pa-
per, to investigatedynamicpropertiesof the liquid germaniumat 1253K, £rst-principlesandclassical
molecular-dynamics(MD) simulationsarecarriedout.

Our methodof thecalculationfor theelectronicstructureis basedon thedensityfunctionaltheorywith
thegeneralized-gradient approximation(GGA). A norm-conservingpseudopotentialis employedfor the
interactionbetweenthevalenceandthecoreelectrons.Theelectronicwavefunctionsareexpandedby a
plane-wave basissetwith thecutoff energy of 11 Ryd.TheKohn-Shamenergy functionalis minimized
by thepreconditionedconjugate-gradientmethod.Thesimulationsareperformedin thecubicsupercells
of 64 and128atomsfor over 10000stepswith thetimestepof 3 fs.

The calculatedstructurefactor is in goodagreementwith theexperimentaldata.The three-bodyangle
distribution functionsshow apeakaround100¿ . For dynamicproperties,it is foundthatanatomdiffuses
quickly not only whenits coordinationnumberbecomessmallerbut alsowhensurroundingatomsare
not positionedat angleof around100¿ . This resultsshow that an atomic diffusion processin liquid
germaniumis stronglyin¤uencedby thepresenceof achemicalbond.Dynamicstructurefactor ¯ Á���2��GÃ
is also calculated.The result shows de Gennesnarrowing and agreeswith the recentx-ray inelastic
experimentaldata[1].

To study a dynamicpropertyfor a long-wavelengthregion, a classicalMD simulationis still useful,
sincea large-scalesimulationis easilyperformed.However, it is dif£cult to obtaina reliableinteratomic
potentialfor theliquid germaniumwhosestructureis muchcomplex. In thepresentstudy, theinteratomic
interactionisderivedby aninversemethod[2], in whichaneffectivepairpotentialïXÁ.< Ã is calculatedfrom
anexperimentalstructurefactor ¯ÿÁ�� Ã . Though,thusobtainedïXÁ.< Ã canreproducetheexperimentalstatic
structurefactor ¯ Á��×Ã , it is not obvious that this effective pair potentialcanalsobe usedto investigate
thedynamicstructure.We performeda largeandlong time scaleMD simulationwith ïXÁ.< Ã to calculate
the dynamicstructurefactors ¯ Á��k2��GÃ accurately. We show that the experimental̄ÿÁ��k2��GÃ [1] is well
reproducedby theMD simulationwith ïXÁ.< Ã . Thevelocityof soundwasalsocalculatedfrom thegradient
of thedispersionrelationin thesmall � -regionandtheresultwasin goodagreementwith theexperiment.
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Developmentof adequatephysicalmodelsof the processestaking placein dispersion-hardenedalloys
(DHA) at increasedtemperaturesis oneof theimportanttasksof themodernphysicalmaterialstechnol-
ogy in studiesof their structuralandmechanicalproperties.So,it is known, that thestability of a DHA
grain structurecanbe broken at high temperaturesowing to recrystallyzationby meansof the detach-
mentof secondphaseparticlesfrom themigratinggrainboundary(GB) or throughthe joint migration
of theGB andmobileparticles[1-3]. Conditionsof theGB structurestability in thecaseof unmovable
particleshavebeenconsideredin thepaper[1]. In thiswork thefollowing thermodynamiccriterionof the
DHA grainstructurestability is derivedby wayof calculationof thesystemfreeenergy incrementin the
processof theGB migrationwith theaccountof work expendon thesecondphaseparticlesmovement:

¼H� Ê ·À ' é &HÁd' ¯ � ë(Â 'LÃ �LÚ (1)

where ¼ is the numberof particlesper GB area, � is the particlesmobility, Ê À is the Zenerpinning
force [2, 3],

' é is themigrationtime,
Á

is theGB surfacetension,
' ¯ � is theGB areaincrement[1], Â

is themigrationdriving pressure,and
'JÃ

is thevolumesweepingby migratingGB in the time
' é . The

criterion (1) is commonfor all typesof recrystallizationandmakesit possibleto predicttheparticular
mechanismof theDHA grainstructurestability breaking.

A conditionof the migratingGB pinnig for the caseof the secondaryrecrystallizationbuilt uponthe
generalcriterion(1) is derivedwithin theframework of the”¤at” boundarymodel(wheretheboundary
is presumedto becurvedaroundparticlesand¤atbetweenthem).Threeregionsof thegrainboundary
stabilitydependingontheratiobetweenparticleandGB mobilitiesand Â valuearesetapartfor speci£c
alloys. Resultsof computationcarriedout with theuseof theobtainedcriteria for a ¼ ) ëÅÄ Ê ± · alloy
anda Æ ú@ë�Ç�< alloy with ¼H��Ç ¼ , ê ) Ç ¼ particlesarein agreementwith experiment(whereGB pinning
at Â'û�¼ Ê ÀÉÈ Õ and increaseof the maximumpossibleÂ'û�¼ Ê À valuewith decreaseof the particles
volumefractionhave beenobserved),on theonehand,andcontradictto predictionsof theDHA grain
structurestability basedon thetraditionalforcecriterionof thegrainstructurestability Â'û�¼ Ê À�Ê Õ and
its modi£cations[2, 3], on theother.
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Theeffectivemodelingof spatialstructuresbecomesmoreandmoreimportantin statisticalphysics,par-
ticularly on mesoscopicscalesin orderto bridgedifferentlengthandtime scales.For instance,overlap-
pingdiscsandspheresserveasstandardmodelsof stochasticgeometriesfor many physicalapplications,
e.g.,for porousmedia,complex ¤uids,or for thelarge-scalestructurein theuniverse[1]. Themorphol-
ogy, i.e., theshapeandconnectivity (topology)of randomstructuresis relevant for thedeterminationof
physicalpropertiessuchastransportpropertiesin porousmedia.Integral geometryfurnishesa suitable
family of morphologicaldescriptors,known asMinkowski functionalswhich are relatedto curvature
integrals[2]. Despitetheconceptualimportanceof morphologicalmeasuresto characterizemesoscopic
systems,the numericalevaluationof suchmeasureshasnot beencompletelysuccessfulyet. Here,we
presentanalgorithmfor theexactcalculationof Minkowski functionalsfor overlappinggrainseachwith
arbitrary location,orientationandshape(Booleanmodel).The methodis numericallyrobust even for
large samples,independentof statisticalassumptions,andyieldsglobalaswell aslocal morphological
information.We illustratethe methodby applyingit to several stochasticprocessesanddeterminethe
statisticsof Minkowski functionalsfor Poissondistributedgrainsandharddisks.

Under rathernaturalassumptionsa generalexpressionfor the Hamiltonianof overlappinggrainscan
be given including energy contributions relatedto the volume,surfacearea,meancurvature,andEu-
ler characteristicof the mesoscopicspatialdomains.This Hamiltonianextendsthe Widom-Rowlinson
modelaswell asthemodelof hardspheresto partially penetrableshapes.Thecomplex structureleads
to multi-particleinteractions,sothat thecomputationalcostto evaluatetheenergy of a con£gurationis
enormousandef£cientalgorithmshave to be inventedin orderto make Monte-Carlosimulationsfea-
sible. In two dimensionsthis hasbeendonefor the parallelmachineCM5 usingthe SIMD technique.
Severalnew phasetransitionsin themorphologyandtopologyof thespatialstructurescanbeobserved
which aredirectly relatedto the inherentmany-particleinteractionsof themorphologicalHamiltonian.
Theseresultscanbeappliedto thephasebehavior of colloidal particlesembeddedin a binary¤uid in-
dicatingtheexistenceof re-meltingsolid phasesandnew topology-stabilized ¤uidphases.Applications
to wettingandcapillarycondensationof ¤uidsin porousmediashow evidenceof asecondcritical point.
Latticeapproximationsof theMinkowski functionalsallow thestudyof themorphologyduringspinodal
decompositionby Lattice-Boltzmann[3] andof microemulsionsby Monte-Carlotechniqueson cubic
lattices[4].
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We presentbothclassicalmoleculardynamicsimulationandab initio moleculardynamicsimulationof
silica surfaces.In the caseof the classicalMolecularDynamicSimulationwe usethe so calledBKS-
potentialwhich was developedby van Beest,Kramer and van Santen[1]. First we checked, if it is
possibleto simulatea silica surfaceby usinga sandwich-geometry[2]. Sucha geometryconsistsof the
normalsystemanda variableemptyspacein onedirection(e.gin z-direction).Furthermorewe assume
periodicboundaryconditions(pbc) in threedimensions.Theadvantageof sucha geometryis, that the
calculationof thelongrangecoloumbinteractionis muchfasterfor systemswith pbcin threedimensions
thanfor systemswith pbcin only two dimensions.In orderto restrictthesizeof thesimulationbox we
have madesomefurther simpli£cations.First we have cut the systemperpendicularto the z-direction
andhave saturatedthe free oxygenatomsby hydrogenatoms.At the endof this procedurewe have a
systemof 91oxygen,43siliconand10hydrogenatomsin asimulationboxwith � g Ä!�´Ë'ÄBÕlÕlÑÓýlÕ ªA. In
thez-directionthedimensionis approximately18 ªA. By usingthesandwich-geometrywe addin thez-
directionanemptyspacebetween4 ªA and10 ªA. In ourcaseaclassicalMD-Simulationof asystemwith
pbc in threedimensionis nearlysix timesfasterthanfor thesamesystemwith pbc in two dimensions.
Also the CPU time hardly dependson the sizeof the emptyspace.The testof static properties(e.g.
pair-correlation-functions, anglesdistributions,coordination-defects andring-length)shows, that for an
emptyspacearound6 ªA the staticpropertiesof the systemswith pbc in threedimensions(sandwich-
geometry)arein goodagreementto thosewith pbcin two dimensions.
TheBKS-potential,which we usefor our classicalMD-simulationshasbeenshown to bevery reliable
for bulk-systems.However, it is notclear, if thiseffectivepotentialtakesinto accountthedifferentcharge
densityonthesurface.To testthisquestionwehavecomparedthestaticpropertiesof oursystemby using
classicalmolecularsimulationwith Car-Parrinello-Simulation[3] results.It turnsout, that theclassical
MD-resultsarein somecasedifferentfrom theab initio MD-Simulationresults,but this effectsdo not
affect the bulk region. Concludingwe cansay, that it is possibleto simulatea silica surfaceby using
a sandwich-geometryand that the BKS-potentialdoesnot considerthe different charge densityon a
surface,sothatwe have to useabinitio MD-simulationto studythesurfacepropertiesexactly.
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Commonmethodsfor thesimulationof heteroepitaxialgrowth, like moleculardynamics,consumea lot
of computertime andarethereforeonly practicablefor rathersmall systemsizes.On theotherhanda
lot of parametersareneededto includestressin fastermethodslike Kinetic Monte Carlo simulations
(KMC) with a£xedlattice.

Hereasimulationalgorithmsimilar to [1] is introducedwhichallowstheoff-latticesimulationof various
phenomenaobservedin heteroepitaxialgrowth (seee.g.[2]) likeacritical layer thicknessfor theappear-
anceof mis£t dislocations,or self-assembledislandformation.The only parametersof the modelare
deposition¤ux,simulationtemperatureandaninteractionpotentialbetweentheparticlesof thesystem.

Growth is simulatedin Õ & Õ dimensionsusing a rejection free KMC algorithm. The rate � È for a
diffusion event

)
is given by � È�Ì ú�3%; ¡ ë1ÍÏÎ � È û�Á	b=Ð�ê×Ã ¢ , where ÍjÎ � È is the activation barrier for this

diffusion stepand ê the simulation temperature.The particlesof the systeminteractpairwisevia a
Lennard-Jonespotentialwith a characteristiclength N . Becauseof the isotropy of this interactionthe
particlesarrangein a triangularlatticewith a latticeconstantproportionalto N . For thatreasondifferent
valuesNLÑ and N Î denotedifferentkindsof particlese.g.substrateandadsorbate.TheactivationbarrierÍjÎ � È is thendeterminedby calculatingthebindingandtransitionenergy of aparticleinteractingwith all
otherparticlesof thesystemwithin acertainrange.To considertheelasticdeformationof thecrystalafter
eachmicroscopicevent (diffusion or deposition)the total potentialenergy of the systemis minimized
undervariationof theparticlecoordinates.Usingthis algorithmwe areableto simulateheteroepitaxial
growth for amis£t ë'ÕlýÒ Ê4Ó ÄBÁ�N Î ë(NJÑfÃCûNLÑ Ê ÕlýÒ .

We are able to determinethe dependenceof the critical layer thicknessfor the appearanceof mis£t
dislocationson themis£t Ó . Our resultscomplementthoseof amoleculardynamicssimulationstudy[3]
whichwasdonefor arathersmallsystemsizeandonly afew differentvaluesof Ó andarecomparedwith
theoreticaltreatmentsof theproblem.

In theearlystagesof growth we £nda 2D-3D transitionat theformationof islandsdependingon mis£tÓ andtemperatureê . This transitionis identi£edwith theself-assembledislandformationin heteroepi-
taxial growth (seee.g. [4]).We observe that this transitiontakesplaceat a distinct 2D islandsizeand
discussthedependenceof this transitionsizeon themis£t Ó . Furthermorewe investigatethe3D island
sizedistribution afterthetransition.
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Matti A. Mäki-Jaskari and Tapio T. Rantala
Instituteof Physics,Tampere University of Technology, P.O.Box692,FIN-33101

Tampere, Finland

matti.maki-jaskari@tut.£

Thesurfacepropertiesof polycrystallinetin oxideandrelatedmetaloxidematerialshave a hugeimpor-
tancetechnologically. In thepresentstateof research,accurateexperimentaldeterminationof thesurface
structureandpropertiesis hampereddueto dependenceof preparationconditionsof thesamplesanddue
to needof nonconventionalmeasurementtechniques[1]. Therefore,theoreticalandespeciallyab-initio
methodscangiveaninsightto thesurfacestructureandpropertiesin thisconnection

Westudy, using£rstprinciplesdensityfunctionalandplanewave- pseudopotentialmethods[2, 3], ideal
anddefected(110)surfacesof tin dioxide[4]. Thedensitiesof statesof thesurfacesystemsareevaluated
andcompared.Also, ultraviolet opticalconstantsaredetermined,andcomparedto experiments.

In caseof thestoichiometricsurface,thebridgingoxygenscontribute to occupiedstatesnearthetop of
thebulk valenceband.In caseof oxygende£cientsurfaces,£lled statesappearhigherin thebandgap,
andareassociatedwith weaklylocalizedelectrondensityof therehybridizedtin Sn· ß ions,dependingon
theoxygende£ciency. In agreementwith otherdensityfunctionalcalculationsour resultswith different
pseudopotentials,predictsimilar surfacerelaxation.

The ultraviolet optical propertiesbasedon the calculationof dipole transitionmatrix elementswith a
scissorcorrection,allows relatively accuratepredictionsto bemadefor theabsorption.Thesurfacecon-
tributesto theopticalspectraby shifting theabsorptionedgeto lower energy (below 4eV) dueto band
gapstates.A signi£cantlow energy absorptionpeakappearsbelow the bulk absorptionedgeof SnO·
andit is pronouncedin acaseof oxygende£ciency.
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Studyof absorptionandemissionprocessesin local centersformedby molecularanionsin dielectric
crystalsallowed to establishtheir structureandcommonproperties.Therecentresultshave shown that
totalcombinationof formedcentersis verycomplicated.It contains,besidesisolatedcenters,alsocenters
of complex structurescontainingmolecularanion,asacoreof thecenter, andadefect.Complex character
of structureof luminescentcenterleadsessentialdeformationsof crystalmatrix thosecausestrongstatic
anddynamicgradientof crystal£eldcloseto localcenter. Thelastfactorcanchangerateof non-radiation
relaxationof energy of excited statesandthereforechangescharacteristicsof kinetic andtemperature
quenchingof luminescence.

Parameterswhich characterizeprocessesof electronenergy dissipationin theseveral emissioncenters
werefoundedfrom experimentalinvestigations.Wehave proposedphysicalmodelof luminescencepar-
ticipationof two or moreexcitedlevelsin theemission,oneof which is metastable.Thesecondis caused
by existenceof two minimumsin the excited statepotential.Suchfeatureof excited stateof complex
centersis revealedin speci£cdependenciesof intensityand decaytime wasversustemperature.Ex-
perimentaldatahave been£tted to theoreticalcalculationswhich werealsoperformedin assumption
aboutspin-latticerelaxationprocessesbetweenexcited levels. Inasmuchastheoreticalmodelrequires
considerationof a many factors,thena numberof computersimulationprocedureswasnecessaryfor
correlationwith experimentaldataanddependencies.
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Thephase-£eldmethodologyhasachievedconsiderableimportancein modellingandnumericallysim-
ulating a rangeof phasetransitionsandcomplex growth structuresthat occurduring solidi£cation.In
particular, they offer thepromiseof a formulationparticularlysuitablefor thenumericalsimulationof
thetemporalevolution of complex interfaceshapesassociatedwith realisticfeaturesof solidi£cationof
alloys. In recentyears,thephase-£eldmethodologyhasbeenextendedto describetheevolution of mul-
tiple interfaces.Thephase-£eldmodeldiscussedin this paperis basedon anadhocmodelformulation
for binary threephasesystemsoriginally proposedin [1]. This modelwasfurtherdevelopedto include
anisotropy, to describebinaryeutectics[2] andits sharpinterfaceasymptoticlimit wasstudiedin [3] and
[4].
A new phase-£eldmodel for a generalclassof multi-componentmulti-phasemetallic alloys is now
proposedwhich describesboth, multi-phasesolidi£cationphenomenaaswell aspolycrystallinegrain
structures.Themodelservesasa computationalmethodto simulatethemotionandkineticsof multiple
phaseboundariesandenablesthevisualizationof thediffusion processesandof thephasetransforma-
tionsin multi-componentmulti-phasesystems.In theasymptoticlimit of vanishinginterfacialthickness,
thediffuseinterface(phase-£eld)modelcanberelatedto classicalsharpinterfacemodels.Thisanalysis
ensuresthat the phase-£eldmodel recoversphysicallaws at phaseboundariesandmultiple junctions.
Numericalsimulationsarepresentedwhich illustratethecapabilityof thephase-£eldmodelto recover
a varietyof complex experimentalgrowth structures.In particular, thephase-£eldmodelis usedto sim-
ulatephasetransformationsandmicrostructureevolutionsin eutectic,peritecticandmonotecticalloys.
Within this context, £rst applicationof the model to multi-component(ternary)multi-phasesystems
will be shown. In addition,polycrystallinegrain structureswith effectssuchaswetting,grain growth,
coarsening,symmetrypropertiesof adjacenttriple junctionsin thin £lm samplesandstability criteria
at multiple junctionsaredescribedby phase-£eldsimulations.Basedon thesetwodimensionalresults,
simulationsin threedimensionsandthe incorporationof convectionandelasticityinto the phase-£eld
modelareplannedfor futuredevelopments.
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The layeredInCl singlecrystalsbelongto the Õ.½C®×Ö family of compoundsandtheir high temperature,
red phase,which is actualabove the point of the £rst-orderphasetransitions( ÕlÙlÚª¿ C), crystallizesin
orthorhombicstructureof TlI-type (spacegroupCmcm).Its bandstructurehasnot beenyet reported,
thusthe£rst-principlecalculationsarerequiredto investigatethepropertiesof thissemiconductingcom-
pound.

For the£rsttimethebanddispersionin Ø -spacehasbeenobtainedandthefundamentalopticalproperties
of thehigh-temperaturemodi£cationof InCl have beenanalyzedin this work. This is themoreactualif
onetakesinto accountaverysmallamountof experimentalpapersonthiscompound.Theresultsthatwe
have obtainedcanhelpto settlesomeprincipleissuesof chemicalbondingandstructuralpeculiaritiesof
InCl crystals.

In orderto gettheprecisebandstructureandelectronchargedensitydistribution Ù�Á,Ú�Ã theab-initio self-
consistentcalculationsin the local densityapproximation(LDA) have beenperformedusingthe non-
local norm-conservingpseudopotentialsfrom [1]. To obtainthebanddiagramÍ Á,Ø}Ã afterself-consistent
potentialdetermination,the energies have beentabulatedat 535 points localizedat edgesand high-
symmetrylines in the irreduciblepart of the Brillouin zone.In the calculationof densityof statesthe
tetrahedronintegrationmethodwasused.Thetheoreticalframework andmainapproximationsusedare
presentedelsewhere(seee.g.[2],[3]).

The smallestinterbandintervals of the forbiddengap are formed far from the Û point. This typical
gapslocationpeculiarityat the peripheryof the Brillouin zonearisesimmediatelyfrom the electronic
con£gurationof thesecompoundswith their surpluscations-electronpair. The smallestdirect gap is
locatedat the Ü line and amountsto 2.49 eV ( Ü }
� Ý � Ü ¶	� � for Þ ß�à polarization).However, the
bottomof theconductionbandat2.39eV is localizedat the Üâá point (andat theequivalent Ç�á point). In
sucha way, rhombicInCl is anindirectsemiconductor. Althoughusuallybandgapsareunderestimated
seriouslyin the LDA, in the caseof InCl it turnsout a goodagreementwith experiment( � 2.4 eV).
Thecontourlinesof Ù�Á,Ú�Ã obtaineddemonstratethesimultaneouscoexistenceof covalentandionic types
of chemicalbonding.The fact that an excesscharge accumulatesbetweenIn atomsof different layers
andformsa weakinterlayerbondis of interest.It canexplainunusuallyshortdistancesbetweencations
in this crystal, that werereported.The geneticorigin of certainbandswasdeterminedaswell on the
basisof their partial contributions into the total charge densitydistribution. The role of certaingroups
of electronsin bondinginteractionshasbeenshown. Thedensityof statesof InCl hasbeencalculated
aswell. Theappearancein thefutureof theexperimentaldataof x-ray photoemissionspectroscopy will
make it possibleto associatethemwith thecalculateddensityof states.

For the £rst time the resultswerepresentedfor the valenceandconductionbandenergies,densityof
statesandchargedensitydistribution of redmodi£cationof InCl singlecrystals.
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Nonequilibriumkineticsof materialsplaysan importantrole in materialsgrowth. In recentyears,new
experimentalmethodssuchasrapid quenching,laserprocessing,ion beambombardmentandvarious
epitaxialprocesseshave beenusedto preparematerialsthatarein nonequilibriumstatethermodynami-
cally. Thelong-rangeorderingin metalalloys andternaryIII-V semiconductoralloys hasbeenobserved
duringepitaxialgrowth andextensively studied.In theepitaxialgrowth thelayer-by-layerstackingpro-
cessis a kinetic processesinvolving the adsorption,evaporation,and surfacediffusion.[1, 2, 3] .The
ordering-disordering processesof the surfacefor the epitaxial growth on a (001) substrateof system
suchasCuAu alloy, ternaryIII-V semiconductoralloys is a kinetic processof thesystemon thesquare
lattice.In thepresentwork, we studythekineticsof orderingin alloys duringcodeposition.Weconsider
monolayercodepositionof two atomicspeciesontoanfcc (001)crystalsurface.Thesystemis descibed
by thestochasticlatticegasmodelwith nearestneighborandnext nearestneighborinteractions.In epi-
taxialgrowth, thesurfacekineticprocessescomprisestherelaxationprocessessuchastheadsorptionand
theevaporation,andthesurfacediffusion processes.Theadsorptionandthe evaporationaredescribed
by the single-siterelaxationprocesses[1, 2] The kineticsof orderingis describedby the micro-master
equationmethodin the pair approximation.[4, 5] In order to describethe orderingof the systemwith
thenearest-neighborandnext-nearest-neighbor interactions,we divide thesquarelattice into four sub-
lattices.Thereare22 independentpair distribution functionswhich arecharacterizedby 10 long-range
orderparametersand12 short-rangeorderparameters.The differentialequationsdescribingthe kinet-
ics of thesystemareintegratednumericallyusingtheGear’s methodappropriateto thestiff differential
equations.Therearethreekindsof orderedphasesin equilibriumstate.Theevolutionsof thelong-range
orderandshort-rangeorderparametersduringcodepositionarecalculated.Therearedifferenttypesof
the kinetic pathdependingon the interactionandrelaxationparameters.The kineticsof the systemis
controlledby threecharateristictimes,theadsorptionrateandthejumpingratesof two atomicspecies.
It is foundthattherearetransientorderedstatesduringthecodeposition.Theoccurrenceof thetransient
statesdependonboththeadsorptionrateandtheatomicjumpingrates.Thekineticpathinvolvesvarious
stagesof relaxation.Thetransientorderedstatesmake theevolutionsto exhibit distinct featuresfor dif-
ferentequilibriumphaseregions.Thecorrelationalsohassigni£canteffectson theevolutionsIt is found
thattheshort-rangeorderrelaxesgraduallyin theorderingstageof transientorderedstatein contrastto
thefastchangeof theshort-rangeorderin theorderingstageof theequilibriumphase.This propertyof
short-rangeorderfor thetransientorderedstateis alsodifferentwith thatof long-rangeorderwhich has
avery fastinitial changefor boththetransientorderedstateandequilibriumphase.
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Photoinducedphasetransition(PIPT)hasbecomeoneof topicsin thecondensedmatterphysics[1, 2].
PIPTis accompaniedby astructuralphasetransitionasobservedin TTF-CA [2] or by amagneticphase
transitionasobserved in Co-Fecomplex [1]. Becausethe energy level of the low spin stateof sucha
complex getscrossto thatof thehigh spinstate,thespinstatecanbechangedbetweenthesestatesby
stimulusdueto changesof temperature,pressure,photoexcitation,etc.

Wehavebeenstudyingsuchdynamicsof thephasetransitionfrom theviewpointof statisticalphysics[3,
4]. Weadoptastochasticdynamicsusingthemasterequation.Therecanbeseveralfactorswhichdomi-
natetheswitchingdynamics.Herweadoptthefollowing two cases.
(I)the distortionalenergy is importantto inducethephasetransition.In severalexperiments,the lattice
constantchangesafter illumination. Herewe assumethatwhena site in thehigh spinstateneighborsa
sitein thelow spinstate,thelatticedistortionalenergy becomeslarger thanin theothercases.Then,we
canexpresstheeffect of illumination by a £eld thatcausesthesymmetrybreaking.In this casewe can
show theswitchingbetweenthelow spinstateandthehighspinstate.

(II)the magneticinteractionis importantto inducethephasetransition.
We considerswitching betweenthe stablenonmagneticstateand the metastableferromagneticstate.
Switching from the stablenonmagneticstateto the metastablemagneticstatecon¤ictswith the ther-
modynamicstability and it is consideredto be dif£cult to realizeas far as we apply only symmetric
disturbance,e.g.,illumination. We considerhow the two-way switchingis realizedin a symmetricap-
plied£eld.Hereweadoptastochasticdynamicswith multi-timescales.For thispurpose,wewill extend
the Glauberdynamicsto introducea more complicatedrelaxationprocess.We demonstratethat the
switchingcanberealized.
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Compositemetal/dielectric£lmsconsistingof metalparticlesembeddedinto anoxideor polymermatrix
have receivedmoreandmoreattentionin lastfew years- e.g.[1], [2], dueto their interestingopticaland
electricalproperties.Thesepropertiesarealsodeterminedby £lm morphology- by the form of metal
objects,by their concentrationandby their distribution in dielectricmatrix, thereforethemorphological
analysisof these£lms is very important.The algorithmsfor the imageanalysisof the micrographsof
two-dimensional(2D) metal£lmsbasedon thetheoryof mathematicalmorphologyarewell suitedfor
themorphologicaldescriptionof these£lms.However, themethodsfor quantitative characterisationof
composite£lm morphologyarebeinginvented.If themicrographs,i.e. projections,of composite£lms
from thetransmissionelectronmicroscopesareusedasamainsourceof morphologicalinformation,part
of informationis lostandthecompletereconstructionof 3D arrangementof objectscannotbeperformed.
Contraryto computertomography, wheresetsof projectionsmadeundervariousanglesareused,in the
imageanalysisof composite£lms the combinationof a projectionandoneor moresectionsmustbe
used.First attemptsto performsuchanalysisweremadea long ago- e.g. [3], however, only present
computationalmethodsandresourcescangive satisfactoryresults.

The completegoal of the imageanalysisof composite£lms is to derive spatialcharacteristicsas the
objectconcentration,thedistribution functionof thecharacteristicdimensionsof objects(or at leastthe
meandimension),andthedistribution of objectsin 3D. Thebasicmorphologicalanalysisof such£lms
canbeperformedanalyticallyfor thestructureswith low metalvolumefractionandsupposingmetalpar-
ticles aresphericalandrandomlydistributed in the dielectricmatrix. However, in morecomplex cases
theanalysiswith thehelpof computermodelsis muchmoreconvenient[4]. Althoughundersomeexper-
imentalconditions,e.g.in plasmachemicaltechnologies,thecomposite£lmswith randomlydistributed
sphericalparticlescanbeprepared,muchmoreprobableare£lmswith eithersphericalparticlesof var-
iousdiameters,or evenparticleswith non-sphericalforms.Moreover, theseparticlescanbeplacedwith
somespatialdistribution - eitherisotropicor with somepreferredorientation- in amatrix.

In ourcontribution,westudiedtheunfoldingproblemsarisingfromtheimageanalysisof composite£lms
with non-uniformstructure.Our two main taskswereto gain informationaboutthesizedistribution of
sphericalobjectsandaboutthe3D spatialdistribution of objectsin isotropicsystems.A modi£edhard-
disk modelof composite£lm waspreparedfor theanalysisof in¤uenceof £lm parameterson various
morphologicalalgorithms.This methodenabledus to selectthe convenientalgorithmsas well as to
derive theirsensitivity for varioustypesof composite£lms.The£rstideasof themorphologicalanalysis
of themostgeneralcomposite£lms(irregularobjects,non-isotropic£lms)arepresentedin thelastpart
of our contribution.
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In our recentpaper[1], possiblegroundstatestructuresof monolayer£lmsadsorbedon the(100)plane
of fcc crystalshave beendiscussed.Monte Carlo simulationmethodhasbeenusedto investigatethe
formation of variousincommensuratestructuresin the £lms of different densityandsubjectedto the
surfacepotentialof differentstrength.It hasbeendemonstratedthat incommensuratephaseswith well
developeddomain-wall structuresmayappearin adsorbed£lms,evenwhenthecorrugationof thesurface
potentialis strong.The particleswhich belongto the walls exhibit ratherlarge in-plane( êi3d2Fêi> ) and
outof plane( êm0 ) displacementsfrom theregistry positions.

The problemthat hasnot beendiscussedin [1] is the estimationof the domain-wall energiesandthe
interactionbetweenwalls [2, 3]. Another questionconcernsthe conditionsunderwhich the domain-
walls are localized(delocalized).In the caseof localizedwalls only the particlesright in the coreof
thewall show deviationsfrom thecommensuratelatticepositions.On theotherhand,whenthewall is
delocalizedthenthedisplacement£eld( ê�3f2Fêi>�2Fêm0 ) is expectedto bea slowly decayingfunctionof a
distancefrom thewall core.

Theabove two problemsarethesubjectof thepresentwork. First,we considertheeffectsof thesurface
potentialproperties(its strengthandcorrugation)on thestructureandenergy of domainwalls.Different
typesof incommensuratephaseswith stripe-like domainsseparatedby parallel walls as well aswith
rectangulardomainsseparatedby crossingwalls arediscussed.Then,we concentrateon the changes
of the structureand propertiesof domainwalls resultingfrom the changesin the mis£t betweenthe
adsorbateandthesurfacelattice.

Weestimatewall energies,energy contributionsdueto wall crossingsanddiscusstheinteractionbetween
walls. Also, we addressthe problemof the stability of incommensuratestructuresin £lms formedon
surfacescharacterizedby astrongcorrugationpotential.
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In plasmachemistrythe oxidation of metalsbelongsto one of the most important technologies[1],
thereforeit is necessaryto obtainfull informationaboutphysicalandchemicalmechanismstakingpart
during the interactionof oxygenplasmawith substrates.However, the plasmaoxidation representsa
complex processconsistingof severalstages- activationof oxygenin thedischarge,transportof charged
particlesfrom theundisturbedplasmato metalsubstrateimmersedinto plasma,surfaceprocesseson the
substrateandthetransportof bothoxygenandmetalionsthroughthegrowing oxidelayer.

For theanalysisandoptimisationof theplasmaoxidationprocessthecombinationof experiments(based
on rathersophisticateddiagnosticmethods)and computermodelling is typically used.The complete
computerexperiment,whichoughtto describetheoxidationprocessin full extent,cannotbecreatedby
oneprogramonly - it mustbe formedby several individual programsbasedon variouscomputational
methods.Our computerexperimentdescribingtheplasmaoxidationof aluminiumin theoxygen/argon
glow dischargeconsistedof:

- modelof physicalandchemicalprocessesin thebulk of oxygen/argonplasma(morethanonehundred
reactionsbetweenneutral,chargedandexcitedparticlesof oxygen,argonandmixtureoxygen-argon) -
basedonamacroscopickinetic approach,e.g.[2]

- transportof chargedspeciesfrom undisturbedplasmathroughtheboundarylayer, sheathandpresheath,
in thevicinity of metalsubstrate- basedon theparticlemodellingtechnique(PIC-MCmethod),e.g.[3]

- modelof plasma-solidinteractionincludingbasicprocesseson thesubstrate(impingementof charged
particles,their absorption,re¤ectionandsecondaryemission)andprocessesin thegrowing oxide £lm
(diffusionof negativeoxideionsandpositivealuminiumionsthroughtheoxidelayerunderthein¤uence
of voltagebiasappliedto metalsubstrate)- thesemodelsarebasedon thecombinationof particleand
¤uidapproaches.

Ourmainattentionwasdevotedbothto evaluationof thein¤uenceof individual reactionsandscattering
processesin the sheathregion of plasmaon the quality of the oxidationprocessand to varioustech-
niquesof computationalphysicsusedduringthecomputerexperiment.While theindividual techniques
are known enough,the combinationof suchdifferent approachesbrings problemsinto the computer
experiment.Thereforethecoordinationof theseproceduresis discussedin detail.
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Group-III nitridesaresuitablesemiconductorsto build electronicandoptoelectronicdevicesdueto their
stabilityathightemperatures,to thehighcarriermobility, andto theiroutstandingopticalproperties.Al-
loysbasedonIII-V nitridesareusedto fabricatematerialswith electronicband-gapsrangingfrom ÕlÑÓÖ�ú
¬
to »lÑÓÙ�ú
¬ [1]. GaNcanalsobeemployed to fabricatehigh power transistors.Thedif£culty of growing
goodquality£lmsrepresentsa limitation in thedevelopmentof GaN-basedtechnology. To improve ma-
terialquality, it is helpful to understandthemechanismsgoverningthegrowth, anda tool to pursuesuch
investigationis givenby ab-initiosimulations.Theuseof NH½ asthenitrogenprecursorandof H· asthe
carriergasin MOCVD, andthestrongdependenceof thegrowth ef£ciency on the temperatureandon
theinteractionsbetweenH andNH· groupsadsorbedat thesurface,suggestedto studymechanismsfor
thechemisorptionof NH½ at theGaN(0001)surfacesasindicative for thegrowth process,consistently
with previousworkson NH· andH adsorptionon GaNÁCÕlÚ Õ_ÚlÃ [2] andGaNÁCÚlÚlÚ Õ_Ã [3].

We performedab-initio calculationsof the equilibrium structurefor several GaN(0001)surfacescon-
tainingNH· groupsandH atomsbondedto bothGaandN atoms.Thetotal energy wasobtainedin the
frameof DensityFunctionalTheoryin the Local DensityApproximation.The ions weredescribedby
pseudopotentials, andNonLocalCoreCorrectionswereincludedfor theGaspecies.By minimizing the
energy with respectto theatomicpositionsandtheelectronicwavefunctions,usingplanewave expan-
sionswith acutoff of 60Ry, weobtainedseveralmetastablecon£gurations.Weusedrepeatedsupercells
with 2 õ 2 surfaceperiodicitycontaining8 GaNlayers,1 layerof pseudo-hydrogenatomsto saturatethe
N bondsat the(000¦Õ ) bottomsurface,13 ªA of vacuumhostingtheadsorbedspecies.

We studiedthe following cases:cleansurfacewith a Ga adatomand cleansurfacewith a N adatom
[4], hydrogenatedsurfacewith ½} ML of H adsorbedon topmostGaatoms,nitridatedsurfaceswith one
NH· groupadsorbedon asurfaceGaandzero,one,andthreehydrogenatomssurroundingasurfaceGa
vacancy. The relative formationenergy of thedifferentsamples,with respectto a stablecleansurface,
wascalculatedasa function of the chemicalpotentialof Ga,N andH. Our resultsreveal that growth
of GaN underN-rich conditionsmay result in a defective £lm: in fact,nitridatedsurfacesresultstable
inducing subsurfacehydrogenincorporation.We suggestGa and H rich condition for the growth of
good-quality£lms:in thiscase,thehydrogenatedsurfaceis favored,with a¤at1 õ 1 like geometry.

We £nally performeddynamicalsimulationsfor a NH ½ moleculeimpingingon an idealGa-terminated
GaN(0001)surfaceandona2 õ 2 GaN(0001)surfacewith aGavacancy. Theobserveddissociationof the
moleculeinto NH· andH andtheevolutionof thesystemsupportedtheresultsof thestaticinvestigation.

This work wassupportedby INFM underthePRA 1MESS.
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Small free clustersof atomsor moleculesexhibit solid-like or liquid-like propertiesthat differ from
the propertiesof their bulk counterpart.It hasbeenrealizedthat the clusterstructure(microcrystalline
or amorphous),[1, 2] dependson the productionmethod.Someof the microcrystallinestatescoexist
dynamically[3] in agiventemperatureinterval andthose,whichareonly locally stablephases,disappear
whenthetemperatureincreasesasit wascon£rmedbothexperimentally[1] andtheoretically[3]. Those
statescorrespondto a partialorderof themolecularaxesof symmetry. Thesystembecomescompletely
orderedat very low temperatures.The transitionrate betweenthe orderedand disorderedstatescan
be retrieved from the potentialenergy surface(PES)of the system,[4]. It hasbeenshown in [3] that
clustersof thesamenumbersof molecules,having thesamesymmetrybut differentsizeexhibit different
dynamics.

In the presentstudywe explore the changesof the clusterPESdueto the changesof the charge dis-
tribution in a singlemolecule.Our hypothesisis that the molecularpolarizationis changedby using
differentproductionmethods.In orderto £nd out the in¤uenceof the charge changeson orientational
order-disorderphasetransitionswe have simulatedthetemperaturebehavior of molecularclusterswith
thehelpof a constantenergy moleculardynamics.The intermolecularpotentialis a sumof atom-atom
interaction(¤uorine-¤uorine,tellurium-tellurium,¤uorine-tellurium):
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�
È � U�É ¶ á È,ù�U â

ë [	ì Á ) 2 î�Ã
TheparametersN î ï and ì î ï arechosento £t theexperimentaldiffractionresults,[2].

TheCoulombtermtakesinto accountthesmallnegative charge ð	ú assignedto the¤uorineatoms.Here
wecomparethetemperature-driven transitionsfor thecaseof ð	ú�ÄLÚlÑÓÕlú and ð	ú�ÄLÚlÑÓÙlýlú , wheree is the
electroncharge.

Our resultsshow that the charge increaseshifts the transitionstemperaturetowardshighervaluesand
someof themeta-stablestatesdisappear. This con£rmsour understandingthat therepulsive interaction
maintainstheorderin molecularsystems.
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The interestin temperaturedriven phasetransitionsin £nite systemsis two-fold: £rst, bulk properties
of thematerialcanbe simulatedif thesystemis studiedunderperiodicboundaryconditions[1] anda
properaccountfor roundingandshifting of themeasurablequantitiesis taken in theanalysis.Second,
free£nitesystems,suchasmolecularclusters,areof interestdueto their peculiarproperties,which are
notobservedin bulk systemsof thesamesubstance[2].

Theresultsobtainedwith thehelpof MD calculationspoint out that thesystemis frequentlytrappedin
a localminimumon thepotentialenergy surfacefor timeslongerthanany realisticcomputationaltimes.
Thiswouldcauseincompletespanningof thephasespacein thesimulationsif aspecialcareis not taken.

Oneway to overcomethe problemof a poor samplingin the caseof ruggedPESis to usethe jump-
walking technique[3].

In practice,J-walking techniquecanbe implementedin two ways.The £rst approachis to write the
con£gurationsfrom the simulationat the J-walking temperatureto an external £le and accessthese
con£gurationsrandomly£le while carryingout a simulationat thelower temperature.It is necessaryto
accessthe external£lesrandomlyto avoid correlationerrors.The large storagerequirementslimit the
applicationof the methodonly to small systems.The secondapproachusestandemwalkers,oneat a
high temperaturewhereMetropolissamplingis ergodic,andmultiple walkersat lower temperatures.

The bestfeaturesof thesetwo approachescanbecombinedinto a singleJ-walking algorithmwith the
useof multiple processorsandtheMessagePassingInterface(MPI) library. We incorporateMPI func-
tions into MC codeto sendandreceive con£gurationgeometriesandpotentialenergiesof theclusters.
Insteadof generatingexternaldistributionsandstoringthembeforethe actualsimulation,we generate
therequireddistributionsduringsimulationandpassthemto thelower-temperaturewalkers.

The computercodehasbeenported,testedandoptimizedon SUN 3500andCRAY-T3E machines.In
ourprogramhasbeenimplementeddynamicmemorymanagementfor optimalusageof thememory. We
£ndthatmemoryandperformancerequirementmake CRAY-T3E moresuitablefor suchcomputations.
In our runsweuse64processorseachwith 64MB RAM. Eachrunof »lÑÓÕlÚ ö stepstakesapproximate11h
perCPU.

Usingtheparallelcodedescribedin theprevioussectionwemakesetof productionrunsfor 59molecules
clusters.A quantityexaminedis theheatcapacityfrom the¤uctuationsof potentialenergy to characterize
the phasetransition.The resultrevealsa two-steptransitionasit waspredictedby the MD calculation
[4].
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The studyof one-, two- and three-dimensionalperiodic,dielectricstructures– the so-calledphotonic
band-gap(PBG) structureshasdevelopedsuccessfullyin the pastfew years.The essentialpropertyof
thesestructuresis an allowed andforbiddenfrequency bandsandgaps,in analogyto the allowed and
forbiddenenergy bandsandgapsof semiconductors.We have concentratedour attentionon studyof
one-dimensionalnonlinearPBGstructureshaving agreatsigni£cancefor makingnew typesof nonlinear-
opticaldevicessuchasnonlinearopticaldiode,limiter, photonicband-edgelaser.

For the£rsttimephenomenaof secondharmonic(SH)generationandits enhancementin PBGstructures
wassuggestedin [1], thenit waspredictedin someworksspeci£callyin [2] thatastrongenhancementof
SHgenerationtookplaceneartheband-edgeof a£niteone-dimensionalPBGstructure.In recentpapers
it wererevealedtwo generalmechanismsthathadadecisive in¤uenceoneffectivenessof SHgeneration
in nonlinearPBGstructures.First of themis relatedto astrongconcentrationof electromagneticenergy
of fundamentalwaveneartheband-edge[3]. Secondmechanismis dueto socalledphase-matchingthat
is a conditionof equalityof phasevelocitiesat frequenciesof SH andfundamentalwave. It wasestab-
lishedthat undertheseconditionstheSH generationmay be enhancedby several ordersof magnitude
comparedto SH generationfrom abulk sampleof similar length.

A generalpurposeof our investigationwasto develop furthernew calculationmethodsandtechniques
thatarerelatedto modelingof processestakingplacein suchone-dimensionalPBGstructures.Our £rst
approachwasbasedon optical transfermatrix techniquessuggestedin [4], the secondonewasa new
in this £eld andit wasderived from recurrentalignmentsusedin theoryof X-rays diffraction. Using
thesemethodsit wasconstructeda theoryof SH generationandpropagationin one-dimensionalPBG
structuresandit wascarriedout a broadanalysisof all mechanismsin¤uencingon effectivenessof SH
generation.Moreover with theaid of this theorywe foundout someinterestingspecialfeaturesof this
phenomenaconcerninga strongenhancementof SH generationunderdifferentcon£gurationof PBG
structure.Oneof the main point of our investigationwasalsoa searchingfor optimizationregimesof
SH generationin PBG structures.Basingon our resultsit canbe reachedsomeoptimizationregimes
andwith theaid of themto increasesuf£cientlyaneffectivenessof SH generationin PBGstructures.In
conclusionwe cannotethatour resultsarein a goodagreementwith experimentaldatareceived in our
University.
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Theproblemof themathematicaldescriptionof transportprocessesin high-dispersed¤uidsandcolloids
is connectedwith thestudyof thedensity, momentumandenergy ¤uctuationsin smallvolumesof ¤uid
medium.A. Einstein’s thermodynamic¤uctuationtheory, basedon theTaylor expansionof theentropy
variation,connectedwith the ¤uctuation,leadsto the Gaussdistribution of thermodynamicvariables.
This theoryis invalid for small¤uidvolumesmediumwith asmallnumberof molecules.

In presentpapertheresultsof thesimulationof thestatisticaldistributionsof thedensity, momentumand
energy ¤uctuationin smallvolumesof ¤uid,aswell asmodelingof thedensity, momentumandenergy
¤uctuationrelaxationarepresented.We usedthemoleculardynamicsmethod.Thesystematicstudyof
the¤uctuationsin small volumes,including5, 25, 100,200,300,500moleculeswith differentdensity
of thesystems(

6
= 1.5;2.0;4.8.

6 ÄO¬.û¬ ç , ¬ - volumeof thecell, ¬ ç - close-packedspeci£cvolume)
hasbeenful£lled. Thewholenumberof thehardspheresin themodeledcell wasequal ÕlÚ ½iû ýih�ÕlÚ ½ .
Periodicboundaryconditionshasbeenused.It was shown that the moleculesdensity¤uctuationsin
small volumesfollow the Gaussdistribution. However the dispersionof this distribution is essentially
differedfrom thevaluepredictedby theclassicaltheory. Theresultsof simulationcoincidewith dataof
this theoryonly for large �L¼ü� ( �L¼ý� is theparticlesnumberin studiedsubsystem).

Thestatisticaldistribution of thetotal momentumin a smallvolumeof the¤uid molecularsystemsalso
obeys theGaussdistribution. Thedistribution dispersioncanbedescribedby thefollowing expression:�4; · � Ä � �L¼ý�!b�ê (ê is the temperatureof a system),which accordswith the well-known
physicalideasabouthydrodynamic¤uctuations.

The energy statisticaldistribution in the small ¤uid volume is not the Gaussoneandhasasymmetri-
cal form. Nevertheless,if � ¼þ� is growing, the distribution becomesmoresymmetricalandcloser
to the Gaussdistribution. Thus, in present,the peculiaritieshave beendiscovered,of the densityand
energy statisticaldistribution in the small ¤uid volumeswhich cannot be explainedby the Einstein’s
thermodynamictheory.

Thesimpletheoryof simulated¤uctuationsis presentedin the lastpartof thepaper. Thenwe give the
dataof the investigationof thedensity, momentumandenergy ¤uctuationrelaxationin thesmall ¤uid
volumes.
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Disorderedsystemsrepresenta majorchallengefor moderncomputationalmethods.Dueto their ubiq-
uitousnatureandtheir many applications,thereis anever growing needto understandthephysicsthat
governstheirbehavior [1]. Unfortunately, it is exactly theirdisorderednaturethatalsomakesany analyt-
ical approachandthusasimplemathematicallytractablesolutionsoveryhardto comeby. Nevertheless,
in recentyearsavastandextensivebodyof knowledgehasbeencollectedmainlybasedonextensiveuse
of high-performancecomputing[1].

In thepresentpaper, we will considermodernnumericalapproachesto theso-calledAndersonmodelof
localization[2], a paradigmaticquantumsystemof disorderedelectrons.For a simplecubiclatticewith¼ õÍ¼ õ�¼ sites,wehave to solve theSchr̈odingerequation,which is givenin siterepresentationas

ø È ÷1¶	� U � l & ø È ß ¶	� U � l & ø È � U ÷1¶	� l & ø È � U ß ¶	� l & ø È � U � l ÷1¶ & ø È � U � l ß ¶ & Ó È � U � l ø È � U � l ÄÿÍ¢ø È � U � l (1)

with
) 2 î?2Fb denotingthe Cartesiancoordinatesof a site and Í an eigenvaluewith wave vector �ø . The

disorderis encodedin therandompotentialsiteenergies Ó È � U � l .
In this work, we review recentefforts in constructingalgorithmsthat work on modernday computer
systemsusingscalabledistributedmemoryandclusterarchitectures[3]. Theapplicationof thesemethods
hasenabledus to computelocalizationpropertiesandelectronicwave functionswith highestaccuracy
andfor extremelylargesystemsizesof up to 1367631sites.

Weconsiderparallelizationstrategiesfor thetwo mostimportantalgorithmsusedin numericalinvestiga-
tionsof theAndersonmodelof localization.After abrief review of thephysicsof Andersonlocalization,
weoutlinetheCullum-Willoughby implementationof theLanczosdiagonalizationscheme(P-CWI)and
thetransfer-matrix method(P-TMM) usedfor thenumericalcharacterizationof localizationproperties.
For applicationsof thesealgorithmsto massively parallelclusterarchitectures,wedevelopandtestvari-
ousparallelizationstrategies.Both algorithmsrely on fastmatrix-vectormultiplicationsandthis partof
the algorithmsis ideally suitedfor a massively parallelapproach.On the otherhand,the ef£ciency of
P-CWI is reduceddueto the increasingcommunicationbetweendifferentsectionsof thematrix. Also,
theef£ciency of P-TMM is limited dueto the requiredorthogonalizationof all vectorswith eachother
whichnecessarilyimpliesa largecommunicationeffort.

Our resultsshow that theapplicationof parallelmethodsto theAndersonproblemis usefulwhenlarge
systemsizeshave to bereached,e.g. for a specialsetof parameterssuchas Í Ä Ú and ��� Ä Õl»lÑÓý that
characterizetheMIT. There,we have beenableto investigatehithertounreachedsystemsizes[4].
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Most liquids show upon cooling a strongincreaseof their relaxationtimes.At a certaintemperature
this time is so large that thesystemfalls out of equilibriumandformsa glass.Theinvestigationof this
glasstransitionis currentlya very active £eldof researchsinceglassesarenot only interestingfrom a
scienti£cpoint of view but alsofrom the oneof application.Onetheoreticalapproachto describethis
transitioninvolvestheexistenceof a diverging lengthscale.Hencein thepastmany investigationswere
doneto identify suchanincreasinglengthscale.Onetypeof approachwasto studythedynamicsof the
glassforming liquid in con£nedgeometries,suchasnarrow poresor thin £lms.Theideawasto seehow
the £nite systemsizeaffects this dynamicsandthusto be ableto draw a conclusionfor the existence
of a growing lengthscale.The resultsobtainedso far arerathermixed dueto two problemswhich are
experimentallydif£cult to control.Oneis the interactionof the liquid with thecon£ningmaterialsince
this interactionis usuallynotknown. In additionthereis theproblemof thegeometryof thecon£nement
sinceit is dif£cult to control this sizewith high precision.Sincein computersimulationsonecanavoid
bothproblemswehavedoneextensivesimulationsto investigatethedynamicsof liquids in con£nement.

In this work we presenttheresultsof a largescalecomputersimulationof a binarymixtureof particles
interactingvia a Lennard-Jones(LJ) potential.Sincewe aremainly interestedin the dynamicsof the
systemwe usemoleculardynamicssimulations,i.e. we solve theequationsof motionfor an ¼ -particle
system,to determinethe relaxationpropertiesof the liquid. In order to avoid that the structureof the
con£nedliquid differs from the one in the bulk, we chosea wall which hasthe structureof the bulk
liquid but whoseparticlesdonotmoveanymore.Thegeometriesstudiedaretubeswith variousdiameters
andthin £lms. In both caseswe observe a dramaticslowing down of thestructuralrelaxationin terms
of the decayof density¤uctuationsin the intermediatescatteringfunction Æ���ÁCð?2 é�Ã closeto the wall.
From this we can de£nea characteristicrelaxationtime À which shows a strongdependenceon the
distancefrom thewall. We£ndthatfor extendedsystemsthis 0 -dependenceis a functionof thedistance
only, i.e. doesnot dependon temperature,anddependsonly weaklyon thetypeof con£nement.ÀfÁ�0�Ã is
decribedempirically in two differentways,bothof themleadingto growing dynamicallengthscalesin
thesupercooledliquid.
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The energetically preferredstructuresof stepsandsmall Si islandon As coveredSi(111)arestudied
using£rst-principlestotal energy calculations.On As coveredSi(111)only doublelayerstepswith 1 õ 1
structureof the terracesareexperimentallyobserved during growth[2]. Onegoal of our investigation
of clusterevolution during Si homoepitaxyon Si(111):Asis to obtainevidencefor the transitionfrom
mono-to doublelayergrowth duringSi homoepitaxyonSi(111).Our investigationsshow thatthereduc-
tion of thesurfacefree-energy dueto thesurfactantleadsto avanishingcritical islandnucleation-size.A
clusterof threeSi atomsshows a trimer of As atomson top of theSi atoms.A fourth Si atomaddedto
thetrimerreplacesoneof theAs corneratomspushingit to asecondlayerpositionwhereit bindsto both
As andSi. This leadsto a transitionfrom mono-to doublelayergrowth with theadditionof thefourthSi
atom.
In differenceto Si homoepitaxy, Geadatomsdiffusefaracrossthesurface[3]. Thusthestep-edgestruc-
turehasa decisive in¤uenceon thegrowth modeof Geon Si(111):As.Gewill grow by step-¤ow mode
if Ge is easily incorporatedat the stepedgesor by islandnucleationon the terraceotherwise[1]. Our
investigationsof thestepedgesshow that theenergetically preferredstructureis obtainedby replacing
thesecondlayerSi atomsat theexposedstepedge-positionsby As. This leadsto a naturallythreefold
coordinatedpositionof As at the ÁCÕlÕ ¦Ù_Ã stepedgeandatwo fold coordinatedpositionof As with aforma-
tion of As dimersat the Á ¦Õ ¦ÕlÙlÃ stepedge.SincetheAs atomsat thestepedgesarein similar positionsas
ontheterracethestepedgesarepassivatedandGewill likely show thesamebehaviour asontheterrace,
i.e. Gewill notbeeasilyincorporatedat thestepedges.
All calculationsare carriedout in the local densityapproximationwith norm conserving,separable
pseudopotentialsand a planewave basisset using our parallelizedEStCoMPP-codeon a Cray-T3E
parallelcomputer[3].
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Thedynamicsof stepsoncrystalsurfaceshasattractedmuchinterestin recentyears,bothexperimentally
andtheoretically[1]. In ourcontribution,weshallpresentresultsof MonteCarlosimulationsandrandom
walk analysesstudyingthestep¤uctuationsmainly in the framework of solid–on–solid(SOS)models.
Characteristicasymptotictime laws dependon themicroscopicmechanismfor detachmentandattach-
mentof atomsatthesteps.Weshallconsiderthethreelimiting casesof step–edgediffusion,evaporation–
condensation,andterracediffusion.In particular, westudythedynamicsof isolatedstepsof monoatomic
heightaswell aspairsof non–crossingsteps.

Exactenumerationof randomwalksprovidesthebasisof ouranalysisof terracediffusion,includingthe
possibility of interactionsbetweenthediffusing adatomandthestepaswell asre¤ectingor adsorbing
quenchedobstacleson the terrace.We calculatetheprobabilitydistribution of an atomto returnto the
stepat a given distancefrom the detachmentsite.That distribution determinesthe time law governing
thestep¤uctuations,asseenin relatedMonteCarlosimulations[2]. New resultsof extendingthesim-
ulationsto pairsof ascendingstepswill bepresentedaswell, analyzingespeciallythetime dependence
of theseparationof thetwo stepsdueto thecompetitionbetweentheentropicrepulsionandtheeffective
attractionduetheexchangeof atomsbetweenthesteps.

In the caseof step–edgediffusion andevaporation–condensation kinetics,we performedMonte Carlo
simulationson SOSmodels[3]. Among others,time–dependentcorrelationfunctionsalongstepsand
betweenstepshave beencomputed,checkingandextendingpredictionsof a recentcontinuumtheory
[4]. In particular, the long–timebehaviour is found to bedescribableby theclassicaltheoryof Mullins
on the¤atteningof surfacecorrugationsabove roughening[3]. We alsopresentnew resultson isolated
stepswith a£xednumberof kinks,discussingresultingpro£lesalongthestepandcharacteristicscaling
properties,usingrandomwalk considerationsaswell asMonteCarlotechniques.

We shouldlike to thankespeciallyM. Bisani andS. Fischerfor enjoyablecooperation,aswell asthe
DeutscheForschungsgemeinschaft andtheHungarianScienti£cResearchFundfor £nancialsupport.
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Universaldistribution functionsfor clustersin dilute latticesareknown to exist for thespanningcluster
aswell asfor smallerclusters[1, 2] at the percolationthreshold;J� . Thesedistributionsarein general
non-Gaussian.

Thedistributionsfor spanningclustersat ;J� andfor the largestclusterbelow ;J� [3, 4] arewell-studied.
We studythedistribution of largestclustersizesfor two, threeandfour dimensionalhypercubiclattices
at ; � in anextensive numericalsimulation.Thestudyof thelargestclustersizeis anexampleof extreme
valuestatistics,relevantto severalphysicalproblems.Ourspecialinterestis in thecaseswhenthelattice
doesnot spanat ; � . We usethe Hoshen-Kopelmanalgorithmfor generatingclustersandimposeopen
boundaryconditionin general.

At thepercolationthreshold,a latticeis spannedwith acertainprobability �yÁ.;J��Ã usuallylessthanunity.
We £nd that the universal distribution function � � [ of the largestclustersize and that of the span-
ning clustersizecoincidefor all practicalpurposesat ;J� whenthe latticespans.For the latticeswhich
do not spanat ; � , the largestclustersizedistribution � � � hasan entirely differentuniversalfunction,
which cannotbeobtainedfrom � � [ usingany trivial transformation.This is a counterintuitive phenom-
enaobserved for the £rst time. �d� � is also distinct from the distribution for the largestclustersizes
below ;J� [3, 4]. Both �%� � and � � [ , however, canbe £t to a conventionaldoubleexponentialform[1]

Ê Á.3$Ã�ÄBæ sFu�v ÁCë1��û53 � Ã sFu�v ÁCë ' 3 ñ Ã with differentvaluesof theexponents.For example,ú for � � [ �LÕlÚlÑÓÐ
andfor � � � �ôÎlÑÓÚ and � � ÕlÑÓý for � � [ and � ÙlÑÓý for � � � in two dimensions.In higherdimensions,
valuesof � and ú arecloser.

Thetotaldistribution, � Þ µ Þ canbeindependentlycomputedandis givenby

� Þ µ Þ Ä!�yÁ.; � Ã�� � [ & ÁCÕ¢ë(�yÁ.; � ÃCÃ�� � � Ñ
Thisdistribution hasanon-conventionalform andis notasimpleanalyticalfunctionin two dimensions.
In threeandfour dimensions,it canagainbe £t to the doubleexponentialform. This is againa novel
featureasthetotal distributionsin two andin higherdimensionshave differentcharacteristicbehaviour.
In fact, � Þ µ Þ in higherdimensionsbearsno signatureof beinggeneratedfrom two independentfunctions
in contrastto thetwo dimensionalcase.Thenovel featureof � Þ µ Þ in two dimenionsis alsopresentin the
distribution of thesecondlargestclusterin a lesserextent.

A detailedanalysisof the ratio of the cumulantsshow that the non-conventional form of � Þ µ Þ in two
dimensionsis consistentwith thefactthatthewidthsof � � [ and � � � arecomparable.In two dimensions,
we repeatthe studywith helical boundaryconditions,which shows similar featuresindicatingthat the
resultsarenotboundaryconditiondependent.
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Self-assembledquantumdotsformationduringheteroepitaxialgrowth hasbeenattractingmuchattention
in pastdecade.Oneof the possiblekinetic mechanismsof 3D island formationduring heteroepitaxy
is considered.In¤uenceof stepenergy barriers Í � Þ (Schwoebelbarriers)on surfacerelief formation
during epitaxywasinvestigatedby kinetic Monte Carlo model [1]. Diffusion hop probability to cross
the stepis changedby the factor �óÄ ú�3%;dÁCë1Í � Þ ûb�ê×Ã as comparedwith diffusion hopsat the same
atomic level. Factor � Ý [ changesprobability of atom hopsto the upperlayers,and � Ü µ ì � — to the
lower ones.Increaseof nucleationrateof islandsin the secondmonolayerwasassociatedin [2] with
suchasymmetryof Schwoebelbarriersin SiGe system.Phasediagramin coordinates� Ý [ — � Ü µ ì �
indicatingdifferentgrowth modes:2D, Stransky-Krastanov and3D wasobtained.Thechangefrom 2D
to 3D modeis determinedonly by theparameter- Ä � Ý [ û� Ü µ ì � andnot by theabsolutevalues� Ý [ ,� Ü µ ì � . For 3D islandformationwithoutwettinglayercondition- �BÕ is necessary.

Critical 2D nucleussize
) á wasobtainedfor differentgrowth regimes.Thecritical sizeof island

) �P° when
nucleationof new layer startswasof interest.Dependencies

) á and
) �,° on - show that as - increases

thesesizesdecreaseapproachingÕ . From some- ,
) á Ä ) �,° , that means3D nucleationfrom the initial

phaseof growth. Dependenceof expectationtimefor appearanceof thenucleusof thesecondmonolaeyr
on 2D islandsversus- wasexponentialone.

3D islandswithout wetting layer demonstraterathersharpsizedistribution. That is dueto dependence
of hopsup to hopsdown ratio ¼ Ý [ û�¼ Ü µ ì � on boundarylengthof islands.Such ¼ Ý [ û�¼ Ü µ ì � variationis
dueto decreaseof atomscapableto attachinto descendingislandboundarybecauseof their attachment
to theislandof upperlayer. It is preciselythis factleadsto 2D to 3D growth modetransformationduring
depositionprocessfor - valuecloseto Stransky-Krastanov regime. Stepdensityoscillationsandtheir
disappearancewith time con£rmsuchtransformation.

Thiswork weresupportedby theRussianFoundationfor BasicResearch(N 99–02–16742)andtheFed-
eral Target-OrientatedProgram“Investigationanddevelopmentof prospective scienceandtechnology
linesfor civil purposes”.
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Recentlythe researchof the plasmasourceshasbeenvery popular. This canbe explainedby a wide
variety of their technologicalapplications.Differentapprocheswereusedfor the discharge investiga-
tion. Fokker-Plankapproachfor rari£edgasionizationmodellingallowscomputationof many important
discharge characteristics.Comparatively to the hydrodynamicsmodelsit provides betteraccuracy as
it allows taking into accountreal distribution function,which in many casesdiffers from the Maxwell
distributionsigniicantly. In ourwork [1] weobservesuchamodelfor ElectronEnergy DistributionFunc-
tion (EEDF)for rari£edgasionizationin plasmasource.It takesinto accountthefollowing effects:ECR
heatingin quasilinearapproximation,energy lossesandangularscatterduenon elasticelectron-atom
collisionsionization andexcitationof thegasatoms,electronangularscatterdueto elasticcollisionswith
the atoms,appearanceof electronsdueto ionization,electron-electronandelectron-ioncollisionsand
electrontrappingwith magnetic£eldandself-consistentambipolarpotential.

Theproblemisaveragedoverthespaceandfromthemathematicalpointof view thisis atwodimensional
nonlinearparabolicequationwith selfconsistentboundary(see[1] for details).Partof theboundaryhasa
EEDFequalto zeroboundaryconditionandparthasa¤ow throughthebundaryequalto zerocondition.

Ambipolarpotentialin¤uencestheconeof losses,which is re¤ectedin themodelby amoving boundary.
Duringnumericalsolutionthismovementshouldbecalculatedveryaccuratelyasthis is acritical param-
eterwhichde£nesmany otherimportantdischargecharacteristics,suchasdensityandtemperature.The
problemis thattheEEDFhasanexponentialbehavior andsmallvariationsof theconeof lossesposition
canhave big impact.Therecanbe two approachesto the solutionof this problemthe £rst is to take a
largergrid for thenumericalsolution.Theotheroneis two useadaptive grids.

In this work we examineboth (larger grid andadaptive grids) possibilities,using this problem[1] as
a testingmodelfor comparison.We show that in somecasesusageof adaptive grids cansigni£cantly
reducethe demandsfor the grid sizesfor thesameaccuracy of thesolution.Thoughthegrid sizesfor
the two dimensionalproblemsare not so big and can be easelyusedon moderncomputerswithout
adaptivegridstechnology, for threedimensionalproblems,or problemswith highercomputationalcosts,
theadaptive gridsapproachcansimetimesbetheonly acceptablechoice.
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This work is devotedto thenumericalsolutionof a 3D Poissonequationfor theelectric£eldpotential
with theadditionalconditionon theconductorboundaryin the integral form. This additionalcondition
re¤ectsconductortotalcharge.Theequationis solvedin thedomainwith alot of insulatorswith different
permittivity andconductors.

Thesolutionof his problemcanbeusedfor theelectrondevicesconstruction.In our work theeffective
algorithm that determinesthe electric potentialinside the domainand the potentialon the conductor
surfaceis presented.

First thealgorithmremovestheadditionalintegralconditionby reducingthetaskto two primaryPoisson
equationswithout the integral condition.This approachgivesus the opportunityto solve this problem
correspondingto differentvaluesof chargeon theinsulatorsandconductorby onestep.Thesecondstep
is to constructthealgebraicsystemof the equationswith the secondorderapproximationboth for the
Poissonequationand the boundaryconditions.The essentialfeatureof this algorithmis the arbitrary
permissibleform of theinsulatorsandconductors.It allows to £ndthecoef£cientsof numericalLaplace
operatoracrossthepermittivity thresholdsandboundsof usedmaindomainby theuniform algorithm.
Theconjugatedgradientmethod[1] waschosenfor thesolutionof thegivenalgebraicsystem.

Onthebaseof theproposedalgorithmsFortran3D Poissonsolverwascreatedfor thenumericalsolution
of the(3D) Poissonequation.A setof testingcalculationswasmadeto verify thecode.

This work wassupportedby SamsungAdvancedInstituteof Technology.
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This reportis concernedwith studyof thenonstationaryinteractionof laserradiationwith densereso-
nantmediawhenthelocal-£eldeffectsassociatedwith theneardipole-dipole(NDD) interactionbetween
atomsareessential.Thesolitonformationandtransientsundersuchconditionsareconsidered.Two soli-
tonregimes:”coherent”and”incoherent”areto bedistinqiuished.Theformertakesplacewhenthepulse
durationis muchshorterthanthelateralandlongitudinalrelaxationtimes,andthelatteroccurswhenthe
pulsedurationfalls betweenthetimes.Theincoherentregime is of mostinterestbecausethevery soli-
ton existenceis ensuredby theNDD interactionthatallows thedephasingprocessto besuppressed.Its
realizationis hinderedby theratherlargenecessaryNDD interactionconstant[1]. Theserestrictionsare
facilitatedwhen the groupvelocity dispersionis large quit or by makinguseof the tilted pulsetech-
nique,takingaccountof thediffraction.Characteristicpropertiesof spontaneousresponsessuchasecho
signalsandfreepolarizationdecayareanalyzed.The transientscanmarkedly be in¤uencedby theup-
conversion.In thepresentwork thesystemof Maxwell-Blochequationsis solvednumerically, andthe
resultsof computersimulationsarecomparedwith the analyticalones.In solving systeman ef£cient
numericalalgorithmwasused.Theprimary featuresof thecomputationalprocedurearethe following:
discreteapproximationsof second-orderapproximationareconstructedusing£nite-differencemethods;
a fully implicit schemeis usedto solve thegrid equations;the implementationof the nonlineardiffer-
enceschemeatevery time-level is carriedoutby meansof theiterative process.This integrationmethod
permittedus to testsoliton solutionsfor the stability andstudythe possibility of one-andtwo-soliton
solutionsin a generalcase.Thequestionsof interestis a parameterregion of soliton existence.First,
we have analyzednumericallythepower pulse£ssioninto separatesolitonsandalsopulsetransmission
throughdensemediaunderbistablebehaviour of populationdifference.Second,thepeculiaritiesof tran-
sientsareconsideredfor bothcoherentandincoherentpropagation.As shown , echoresponsescanarise
evenin theabsenceof theinhomogeneousbroadening,unlike theusualechoformation.
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Thestructureof interfacesbetweentwo coexisting immicsibleLennard-Jones(12,6)¤uids,con£nedby
porousmaterialsexhbiting largeporosityis studiedby usingintegral equations.We usetwo theoretical
approachesto calculatethe interfacial pro£lesandthe surfacetension.The £rst theoryis basedon the
solutionof a setof equationsinvolving the modi£edBorn-Green-Yvon type equationandthe Replica
Ornstein-Zernike equation,supplementedby closureequationsbetweentwo-particlecorrelationfunc-
tions.This theoryis a modi£cationof theapproachdevelopedto studyliquid-vapor interfacesbetween
two phasescoexisting in a porousmedium[1]. In thesecondapproach[2], we follow themethodintro-
ducedby Iatsevich andForstmannto studyinterfacialpropertiesof bulk systems,andreplacetheBGY
eqautionby the Lovett-Mou-Buff-Wertheimrelation.In both casesthe conceptof averageddensityis
invoked to approximateinhomogeneoustwo-particlecorrelationfunctionsby the correspondingfunc-
tions, evaluatedfor uniform systems.We also comparethe resultsof the theoreticalpredictionswith
MonteCarlosimulationdataandalsopresenta versionof a density-functionaltheoryto investigatethe
coexistencebetweentwo immicsiblephasesin con£nedlattice¤uids.
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ElectronSpin EchoEnvelopeModulation(ESEEM)is oneof methodsusedto studythe hyper£nein-
teractionbetweenelectronspinsandnuclearspins.Therearecaseswhenthis only techniquescanbe
employed andtherearesituationswherecomplementaryresultsareobtainedfrom ESEEMandPulsed
ENDOR(ElectronNuclearDoubleResonance).ESEEMcanyield detailedinformationabouttheelec-
tronic andmicrostructuralpropertiesof materials[1]. Therefore,theESEEMsignalshave beensubject
to intensive analysiswith regard to their signi£cancein the context of investigatingmaterialproper-
ties.However, for a givenexperimentalESEEMsignals,thedeterminationof theunknown parameters,
which is an”inverseproblem”, is not alwaysa simpleproblem.Thecorrespondingtheoreticalanalysis
hasprovedto beverycomplicated,and,if realistictheoreticalmodelsareused,it requiresinvolvedcalcu-
lationson computers.Very oftensuchcomputersimulationsrevealpropertiesof studiedsystemswhich
arenot at all obvious from just looking at the experimentaldata.All this requiresthe comprehensive
analysisof experimentalESEEMsignals.

A visual inspectionof the experimentalESEEM signalsshows that they re¤ectthe superpositionof
relaxation,oscillationandnoiseprocesses,i. e.suchsignalsareenoughcomplicated.Theaimof thework
is to determinea numericaliterative procedurein decomposingthesignalsanddeterminingthevalues
of the signal parametersfor which the calculatedsignalbestmatchesthe observed signal.Nonlinear
leastsquaresoptimizationis the tool preferablefor this purpose[2]. We have chosenthe Levenberg-
Marquardtalgorithm,whichhastheadvantageof convergingrapidly. Westartwith crudeestimatesof the
unknown parameterswhichenterourmodelof thesignals.Thenthenonlinearleastsquares£t is applied
to getthebestvaluesof theseparameters.This allows usto extractmoreinformationfrom theavailable
experimentaldata.It shouldbenotedthat theprocedureof thesignaldecompositionwasdistinctive for
differentpartsof thesignal.Thisadjustmentis necessary, sinceweobservedthattheexperimentalsignals
aretransformedin time from thealmostdeterminateresponse(in thestartof time series)to a noise-like
signal (in the end of time series)at low temperatures.The analysisgives £ne information aboutthe
energy exchangebetweenspinsandlattice in referenceto thekineticsof relaxation,in particularto the
nonexponentialspin-latticerelaxation.

Using the experimentaldata,we have investigatedthe in¤uenceof temperatureon the spin-latticeand
spin-spinrelaxationtimes,aswell ason thespectrumof modulation.Theobtainedresultsarein agree-
mentwith otherindependentexperimentaldataandvalidatetheapproach[3]. As aresult,wesuggestthe
robustnumericalalgorithmfor theESEEMsignalprocessing.
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In this work a classicalmany-particlesystemof neutralatomsinteractingvia Lennard-Johnespotential
is considered.Thein¤uenceof stochasticityon thesystem’s dynamicsis investigatedby moleculardy-
namicsmethod(MDM). Stochasticpropertiesof the systemaredeterminedby exponentialinstability
(Lyapunov instability) that is peculiar featureof this type of dynamicalsystems.It meansthat sys-
tem’s trajectoryin the phasespaceis very sensitive to the initial conditions.Two initially closephase
pointsdivergeexponentiallywith time.Theaveragerateof thedivergenceis determinedby theKrylov-
Kolmogorov entropy ( ¿ entropy, theLyapunov exponent).

The instability is the reasonthat the time interval duringwhich thebehavior of thesystemcanbe pre-
dictedis £nite.During thecalculationprocessthesystemcompletelylosesthe initial stateinformation
after the time é�z , which is called é � ú ' > í æ�
 ) ��æ�R�
òú
�Qí<?> é ) 
òú . After this momentthesystembeing
calculatedhasnothingin commonwith theoriginalone.

Thedynamicalmemorytime and ¿ entropy of theLennard-Johnessystemwerecalculatedwith useof
MDM. Classicalequationsof motionweresolved numericallywith periodicboundaryconditions.The
schemesappliedwereof secondandfourthorderof approximation.Thenumberof particlesin themain
cell wastaken ¼ ÄLÕl»¢ë�ÙlÕl» . Initial statecorrespondsto equilibriumcon£guration[1].

Numericalintegrationrealizesthecoarsegrainingof thesystem’sphasespaceandcausesunnatural¤uc-
tuationsof thetotal energy ��êmÍ · � . Theinstability resultsin thatMDM-trajectorydeviatefrom right
newtonianonevery quickly, in factexponentially[2]. Trajectoriesdivergecompletelyto themomentofé�z whenthedistancebetweenthemis of thesameorderasthesystem’s size.

Thelogarithmicdependenceof é�z on �OêmÍG·�� wasobtained.Thehigheris theaccuracy of numerical
integration(andless � êmÍG·�� ), the longeris time é z . This dependencewasshown to be a universal
oneandit canbeappliedto differentsystemsandnumericalschemes(resultsfor plasmaseein [3]).

The valuesof é z obtainedin this work weredeterminedby the noiseresultingfrom numericalerrors.
However, thefactthatthedependenceof thedynamicalmemorytimeuponthenoiselevel is logarithmic,
i.e. quite weak,allows oneto extendthe qualitative conclusionsto the real molecularsystems.In this
caseÊ ) í ) é�ú valuesof dynamicalmemorytime aredeterminedby é � ú ð å æ í é å 
 å@í ��ú�<cé�æ ) í é�> [4] and
have to bein thepicosecondrange.

The furtherdevelopmentof the introducedideasleadsto theconclusionthat reversibility doesnot take
placein the real processes,e.g.chemicalreactions,andirreversibility (becauseof swift lossof initial
stateinformation)is aninherentpropertyof molecularmotion.
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Superradiationphenomenaarecharacterizedby a quadraticdependenceof theradiationintensityon the
numberof radiators,� . Thepropertiesof suchcoherenteffectsin optics,for example,super¤uorescence,
superluminescence,collective inductionandphotonecho,have beenextensively studied.However, it
was not until 1977 that the £rst successfulexperimentto observe radiofrequency superradiationwas
performed[1]. This phenomenonoccurs,whena highly polarizedsystemof spins,placedin a strong
magnetic£eld whosedirectionopposesthe directionof polarization,interactswith a passive external
coil. Themotionof thespinsinducesacurrentin thecoil, creatingavaryingmagnetic£eld,which itself
interactswith thespins.This interactionleadsto acollectivemotionof thespinsresultingin theemission
of coherentradiationknown assuperradiation.

Thecomputermodelingof thesystemof spinsis basedon themicroscopicapproachdevelopedin [2].
In a constantmagnetic£eld, thebehavior of the systemis highly dependenton the initial polarization
and the distribution of spinsleadingto that polarization.To generatea spin systemwith a particular
polarization,correspondingto agiventemperature,weuseanalgorithmsimilar to thatof Metropolis[3].
Usingthisprocedure,bothanalyticallyandnumerically, givesaninitial spindistribution almostidentical
to theequilibriumdistribution.

In themicroscopicapproach,thetime dependenceof thesystemis obtainedfrom thesolutionof a sys-
tem of ordinary, nonlinear, differentialequations.We considerthe solutionof theseequationsvia the
”predictor-corrector” methodand the Runge-Kutta method.The £rst methodcanbe adaptedto make
useof parallelalgorithms.However, we £ndthattheprecisionandstability of thecalculationsarecom-
promised.TheRunge-Kutta methodcannoteasilybeadaptedto make useof parallelarchitecture.The
behaviour of thespinsystemdependscritically on theinitial spindistribution,but meaningfulresultsfor
a particularpolarizationareobtainedby averagingover many systemswith thesameinitial polarization
with differentinitial spindistributions.This canbeachievedby allocatinga differentinitial distribution
of spinsto eachavailableprocessor. Eachprocessorperformsits own task independently. The useof
parallelcomputingarchitectureis achievedwith noalterationof thebasiccomputationalalgorithms.

Theresultsof ournumericalsimulationarepresentedwhendipole-dipoleinteractionscanandcannotbe
neglected.If dipole-dipole interactionscanbeneglectedwe alsopresnta comparative theoreticalanal-
ysis.Theuseof multiple processorsallows usto investigatethethermodynamicallyaveragedbehaviour
of relatively largespinsystems.Wealsopresentacomparisonof thebehavior of suchaspinsystemover
a long time-scale,with thatpredictedby aphenomenologicalmodelbasedonBloch-typeequations.The
phenomenologicalapproachis in goodqualitative agreementwith our microscopicmodel,allowing the
possibilityof determiningtheBlochrelaxationtime ��� . An X-class,HP/Convex Exemplarcomputerwas
usedthroughoutthisanalysis.
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Nitrogenaustenitesaredistinguishedfor their mechanicalproperties,suchasa strength,fracturetough-
ness,wear resistance,as well as thermalstability. A controlling mechanismof the low temperature
strengtheningof austenitedue to the nitrogendoping is still not clari£ed.It is obviously interesting
to studythein¤uenceof nitrogenontheelectronicstructureandphysicalpropertiesof fcc iron. Carrying
out thecalculationsof thestructuralandthermodynamicpropertiesof materialsallows resolvingnumer-
ouspracticaltasksrelatedto thedevelopmentof thenew alloys andinterpretingtheexperimentaldata
obtainedfrom a high-precisionmethods,for example,Mössbauerspectroscopy. Our approachis based
on a widely known full-potentialbandstructuremethod(FLAPW) thatis usedfor thecalculationof the
electronicstructure,totalenergy andoptimizationof thelatticegeometryof alloys,having theinterstitial
impurities.Accordingto this approach,thecalculationsof the total electronenergy of alloy for theset
of a fully orderedstructuresarecarriedout. Total energy minimizationproceduresareperformedfor
obtainingthe equilibrium positionsof atoms.Then,the systemof linear algebraicequationsover the
energy parametersof con£gurationalIzing modelof alloy is composed.Structuralandthermodynamic
propertiesof alloys at the different temperatureandconcentrationconditionsaresimulatedusing the
Monte-Carlo(MC) method.In our previous work [1] we have simulatedtheFe-CandFe-Naustenites
by the orderedfcc Fe� C andFe� N structuresandhave madethe £rst attemptto clarify the difference
betweenthe electronicstructuresof the nitrogenandcarbonaustenites.In the presentpaper, we have
studiedin detailsthein¤uenceof nitrogenon theatomicandelectronicstructureof fcc iron. In orderto
determinethepairpotentialof theN-N inter-atomicinteractionfor fcc Fein thesix coordinationspheres,
we have optimizedthegeometryandcalculatedthetotal energy for thetenfcc Festructures,having the
nitrogenatoms,asfollows: threeFe� N structuresandthreeFe� N structureswith a differentdistribution
of thenitrogenatoms,Fe� N, Fe� N, Fe� N� andFeN.Basedon thepair potentialsreceived,we have car-
ried out the setof the MC calculations,allowing us calculatingthe shortrangeorderparametersfor a
wide temperaturerange.It is shown thatwhenthetemperaturedecreases,anappearanceof theordered
N-Fe-Nchainsin thefcc latticebecomesenergeticallyadvantageous.For thecomparisonwith theexper-
imentalMössbauerdata,we have studiedin detailstheelectronicstructureandhyper£neinteractionsin
thethreeFe� N - typestructureswith adifferentdistribution of thenitrogenatoms:the£rststructuredoes
not includetheN-Fe-Nchains;thesecondstructureincludesnon-intersectingchainsandthethird one-
intersectingmetal-nitrogenchains.Thecalculationshave shown that the third structureis themostad-
vantageousenergetically. Wehavecalculatedaquadrupolesplittingandisomershiftsfor theFeatomsin
thethreeFe� N structures.Performingthecalculationsfor thedifferentenergy rangesof thevalenceband,
we could eliminatedthecontribution into thequadrupolesplitting, which is dueto thenitrogenatoms.
Basedon ourcalculations,we have carriedon thedetailedinterpretationof theexperimentalMössbauer
spectraof theFe-Naustenite.
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The role of sizein modifying thepropertiesof a materialhasnot beenexploited until recently. On the
basisof interatomicpotentials,thestructureof someclustersarespecial.Nanocrystallinepowderscan
beusedto synthesizematerialswith physicalprocessingsuchassintering.

In previouspapers,fullerenes,Scclusters,Sc-clusterendohedralfullerenes[1], graphitemodelsandSc
hexagonalclosepackingwerestudied[2]. Here,thefollowing semimetallicclustershavebeencalculated:
Si/Ge/GaAs.

The interactinginduceddipolespolarizationmodelimplementedin programPAPID [3] is usedfor the
calculationof themoleculardipole-dipolepolarizability � . Themethodis testedwith Si , Ge (!#"%$'& )
andGa As( (!*),+-"/. ) smallclusters.

ProgramPAPID hasbeenusedfor thecalculationof thedipole-dipolepolarizability � , with theinteracting-
induced-dipolespolarizationmodelthatcalculatestensoreffectiveanisotropicpointpolarizabilities[1,2]
by themethodof Applequistet al.. Thebulk limit for thepolarizability is estimatedfrom theClausius-
Mossottirelationship.

The resultsfor the polarizability are in agreementwith referencecalculationsfrom J. R. Chelikowsky
carriedout within thedensityfunctionaltheory[4]. Theclustersareall morepolarizablethanwhatone
might have inferredfrom thebulk polarizability. Previousexperimentalwork have yieldedtheopposite
trendfor somewhatlargerclusters.

On varyingthenumberof atoms,theclustersshow numbersindicative of particularlypolarizablestruc-
tures.The polarizability trendfor theseclustersasa function of sizeis different from what onemight
have expected.Thehigh polarizabilityof smallclustersis attributedto arisefrom danglingbondsat the
surfaceof thecluster.
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Thephotoacousticnon-destructive controlof solidsis a powerful technology, which is appliedto diag-
nosticsof productsandmaterialsof electronics.Thephotoacousticmicroscopy (PAM) enablesto receive
the imagesof the sub-surfacestructure,which cannotbe found out by the traditional NDE-methods.
ThePAM is usedfor detectionandanalysisof thesub-surfaceheterogeneities,suchasdefects,cracks,
inclusion,delaminations.This methodallows to investigatea productduring the manufacturewithout
in¤uenceon properties,qualityandparametersof aproduct.

Theprincipleof thePAM is basedon thephenomenonof generationanddistribution both thermaland
acousticwavesexcitedby modulatedon intensitylaserradiation.Theacoustic¤uctuationsin objectare
detectedby the piezosensorandconvertedby it into electricalsignal.The photoacousticsignal(PAS)
is a sinusoidalvoltageon electrodesof the piezosensor, the phaseand amplitudeof which carry the
usefulinformationaboutlocal sampleproperties.Thecomputerprocessingof this signalby scanninga
laserbeamalongthesamplesurfaceenablesto receive thephotoacousticimageof internalstructureof a
researchedmaterial.

For interpretationanddecodingof thephotoacousticimagesit is necessaryto establishconnectionbe-
tweenparametersof thePAS anda sub-surfacestructures.For this purposetheone-dimensionalmathe-
maticalmodelof photoacousticeffectwith piezoelectricregistrationin thermalthick andopticalopaque
samplewasdeveloped.

This modelallows to restorethe informationaboutphysicalpropertiesof researchedobjectunderthe
experimentallyreceived amplitudeand phasecharacteristics,estimatea minimal size and a maximal
depthof defectandchooseoptimummodulationfrequency for deeppro£lingof researchedobject.

Legitimacies,whichwereobtainedasaresultof mathematicalsimulationof aphotoacousticmicroscopy
with piezoelectricregistration,haveallowedto investigatetheproductionof electronicindustry, including
theintegratedcircuits,themicroweldedconnections,thethin-£lmcovers,themulti-layerstructures,and
to evaluatetheirquality on thecontrastof thephotoacousticimages.
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Theanalysisof experimentalandtheoreticalpublicationindicatesthatinvestigationsof theuniquephe-
nomenonof super¤uidityof liquid helium are far from beingcompleted.A numberof discrepancies
betweenthe theoreticalandexperimentalresultsinclude, for example,the 1.5-2 ordersof magnitude
differencebetweenthetheoreticalvalueof critical velocity 4'57698;:'&<+#='> calculatedon thebasisof the
Landausuper¤uiditycriterionfrom thevalueof thegap ?@6 neartherotonicminimumin theelementary
excitationspectrumreconstructedfrom thescatteringof slow neutronson theonehandandtheexper-
imentally measuredvaluesof 4A5 on the otherhandaswell asthe discrepansybetweenthe theoretical
densityof theBose-Einsteincondensate,which is indenti£edwith thedensityB�C of thesuper¤uidcom-
ponentin He-II, andtheexperimentallymeasured(from thescatteringof fastneutrons)fractionof �'DFE
atoms(1-3percent)in thestatewith zeromomentumat �G8%$ K [1]–[3].

We formulatea computermodelof thequantumliquid �'DHE on thebasesof theapproachto thedescrip-
tion of thesuper¤uidstatein aBose-liquidon thebasesof theconceptof ”paired” effective condensates
of freeparticles.On thebasicof theBrueckner-Sawadaapproximation”solid sphere”[4], we computer
calculatedtheFouriercomponentof theeffective potentialof the regularizepairedinteractionbetween
thebosonswith takingacountthemany-particleprocesses.Thecomputercalculationshow that theef-
fectivestrongattractionin thewideregionof themomentumspase,constrainedwith quantumdiffraction
of theparticleoneonanother, canensureof thenecessaryandsuf£cientconditionof theexistenceof the
coherentpaircondensate(CPC)boundpairof bosons.SuchastrongCPCcompletelysuppresstheweak
single-particleBosecondensate(SPBC).On thebasicof the realizecomputeranalysisandsolutionof
theDyson-Belyaev integrateequationswe show thatspectrumof thequasi-particleI�JLKNM is acousticnear
thesmallmomentum– I�JLKNMO8PKRQS , wherethevelocity QS doesnot coincidewith thevelocity c of hydro-
dynamicsoundin liquid helium(SUTVTXW ) andis determinedby thepair orderparametrQY JLK2M for K[ZG& .
This spectrumI\JLK2M mayhave a minimumin theregion maximumattractionanddeterminesthecritical
velocity.
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Thein¤uenceof quencheddisorderon zero-temperatureor quantumphasetransitionsis a topicalprob-
lemin condensedmatterphysics.Usinganasymptoticallyexactreal-spacerenormalizationgroupFisher
[1] investigatedtheone-dimensionaldisorderedtransverse£eldIsing model.Thequantumphasetransi-
tion in thismodelshowsveryunusualscalingbehavior, it is controlledby anin£nitedisorder£xedpoint.
Similar behavior wasalsofoundnumericallyin oneandtwo dimensions[2] In threedimensionsandin
thecaseof acontinuousorderparameterthesituationis lessclear.

A particularlyinterestingcaseis thequantumphasetransitionof dirty itinerantelectronsfrom a param-
agnetto an antiferromagnet.A perturbative renormalizationgroupanalysis[3] predictsa conventional
critical point, at leastat someintermediatedisorderstrength.However, non-perturbative effectsdueto
rare¤uctuationsdestroy thisbehavior. They appearto leadto runaway¤ow to largedisorderstrength[4].

In order to investigatethe ultimate fateof this quantumphasetransitionwe calculatethermodynamic
propertiescloseto thecritical pointusingMonte-Carlosimulationsof theorderparameter£eldtheoryof
itinerantquantumantiferromagnets.This is equivalentto simulatinga£ve-dimensionalclassicalIsingor
Heisenberg magnetwith anisotropicdisorder. Using£nite-sizescalingwe calculatethecritical behavior
at the transition,in particularwe determinewhetherthe critical point is characterizedby conventional
power law behavior or moreexotic phenomenalike activatedscaling.
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The quality of semiconductorcrystalsgrown in an MBE environment dependssubstantiallyon the
surface structureof the underlying substrate.In this context surface reconstructionsand associated
phasetransitionsplay a crucial role. Herewe investigatea two-dimensionallatticegasmodelof metal-
terminatedII-VI(001) semiconductorsurfaces[1]. Importantpropertiesof this classof materialsare
reproducedby the particularchoiceof anisotropicpairwiseinteractions.In our studywe focuson the
effectsof thisanisotropy.

The surfaceis modelledby a squarearrayof sites ^<!`_baAc eitherbeingoccupiedJL!`_ba/Zd$'M or empty
JL! _ba ZX&'M . While a hardcorerepulsionexcludesthesimultaneousoccupationof nearestneighbor(NN)
sitesin the y-direction,attractive interactionsIe_ and Ief betweenNN in x-direction and next nearest
neighbors(NNN), respectively, leadto a competitionof two vacancy structures.At low temperatures� ,
a W JhgNijg'M orderedphasecoexistswith alow densitydisorderedphase,whereasfor highertemperaturesthe
systembecomesgloballydisorderedor W Jhg9ikg'M ordereddependingon thecoveragel . In thedisordered
regime the local environmentof an atomis dominatedby Jhgmi/$'M rows. Within the framework of this
model the transitionfrom a dominant W Jhgniog'M orderingof the CdTe(001)surfaceto a local Jhgnio$'M
arrangementof Cdatomswhich is observedexperimentallycanthereforebeexplainedasaconcomitant
phenomenonof anorder-disorderphasetransitionin thermalequilibrium.

Theinvestigationof themodelis doneby meansof MonteCarlosimulations(MC) andtransfermatrix
(TM) calculations,examiningthebehavior of appropriatequantities:paircorrelationsW _ and W f measure
theprobabilityof £ndinganoccupiedNN pairor NNN pair respectively, i.e. thecontribution of Jhgpin$'M -
or W Jhgniqg'M -dominatedregions in the system,whereas+ 5�rs�utv�uw measuresthe overlapwith oneof the
two sublatticesandthereforeindicateslong rangeorder. In orderto determinethephaseboundariesin
the �yxol diagramvia MC simulationstemperatureintervals z � � ),���|{ arescannedfor £xedvaluesof the
coveragel . Weapplyanon-localdynamicswhichprovessigni£cantlybetterthanthestandardKawasaki
algorithm[2]. As anothercharacteristicfeatureof thesystemwe determinetheline }�9JhlAM where W _~Z W f
whichseparatestheregimesof local W Jhg�i�g'M or JhgNi�$'M -dominance.Within theTM formalismcorrelations
areobtainedfrom properderivativesof ln �*� where�*� is thepartitionsumof asystemwith ��Z%��i9�
sites(strip of width L) in thelimit ����� . Additionally thephaseboundariesarecalculatedfollowing
theprescriptionoutlinedin [3]. By choosingtwo differentstriporientationswearealsoableto calculate
theanisotropiccorrelationlengthsin x- andy-directionin thedisorderedregime.

The Monte Carlo algorithmmentionedabove allows studyingtheequilibrium shape(ECS)of isolated
islandsof atomsandits temperaturedependence.At low temperatureswe£ndsquareclusterswith facets
orientedalongthediagonalsin accordancewith experimentalobservationsat CdTe(001)[4]. For higher
temperaturestheislandstake onanellipsoidalshapewith thelonghalf axisparallelto thex-axisandthe
degreeof anisotropy dependingon theNN interaction.
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For a systemof � noninteractingidenticalparticlesthecanonicalpartitionfunctionat the inversetem-
perature��Z������ , � rs� ] � w� JL�OM , canbe expressedthrougha singleparticlecanonicalpartition function,
� � JL�OM , at anincreasingsetof values:�O)bg<�O) etc.Soin theabsenceof interactiontheproblemis reduced
to calculationsfor a singlequantumparticle in an external£eld.Unfortunatelywith the increaseof N
theexpressionsfor � rs� ] � w� through � � becomemoreandmorecumbersome.Evenwith thespeciallyde-
signedcomputerprogrammeswe couldgeneratetheseformulasfor N notexceeding�X$'&'& . Meanwhile
insertionof � rs� ] � w� into thegreatcanonicalpartitionfunctionandusingof thesocalledcyclic decompo-
sition allows usto constructexpressionsfor potential � in theform of aonedimensionalFeynman-type
cycle serieswhich convergeat negative valuesof thechemicalpotential� . Therelevant thermodynami-
cal propertiesarethenderivedallowing usto make fastnumericalcalculationsfor � rangingup to $'& � .
Theresultswereobtainedfor pariclesof bothstatisticswith thespinin aharmonicandother£eldswith
or withoutappliedhomogeneousmagnetic£eld[1, 2].

For systemsof interactingparticlesthe above approachis inapplicable,so we hadto implementpath
integral MonteCarlo(PIMC) method.To make PIMC methodmoreeffective a combined,bead-Fourier
(BF), PIMC simulationschemewasintroduced[3] with its extremecasescorrespondingto theordinary
beadapproximationandFourierPIMC method.Optimalchoiceof thenumberof beadsandof Fourier
harmonicsprovidesreliabletestresultsfor the groundstateenergy andelectrondensityin H-atomas
well asfor theharmonicoscillator.

In applyingBF methodto systemsof identicalparticlesaschemeof simultaneousaccountfor all classes
of permutationssuggestedearlier[4] wasusedwith symmetrizationof theexchangefactorin theweight
function.A procedureof randomwalk in thespinspaceprovidescalculationof spindependentaverages
[3].

Systemsof �dZ�g��y� fermionsaswell asup to 10 bosonsin a harmonic£eldwith no interactionand
with Coulombrepulsionwerethreated.For systemswith no interactionexactcurvesfor energy andthe
squareof the total spin, Td� J ��� $'Mm� , vs � werereproducedin a considerabletemperaturerange.
Swithchingon of the interparticalrepulsionresultsin gradualceaseof theexchangeeffects.Somefew
electronsystemssuchas He, H� , Li were also simulated.For fermionsat low � the error increases
considerablydueto thesignproblem.To weakenits in¤uencewe appliedseveralmeasures– ”umbrella
sampling”,”gates”, ”non-negative averagesign randomwalk”. Studyof distributionsfor theexchange
factorW helpsusto understandfeaturesof thesimulationprocedurefor fermionicsystemsat low T. In
orderto overcomeergodicity problemsat low � we implement’ � -type’ stepswhich provedto bevery
helpful in worksof otherauthors.
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Granularmaterialsplayanimportantrolein alargevarietyof industrialapplicationswheresolidsarepro-
cessedin form of granulatesandpowders.In particular, thecontrolleduseof nanopowdersis increasingly
relevantfor varioustechnologicalapplications,rangingfrom thefabricationof inhalablepharmaceutical
productsto thepaintingof carswithout solvents.However, many openproblemsstill needto besolved.
In particular, it is not yet known, to what extent electric chargesin¤uencethe physicalpropertiesof
granularmaterials.Moreover, theprocessof charging granularpowdersis not fully understood.

Theaimof ourwork is to understandagglomerationof bipolarlychargedpowderssuspendedin nonpolar
¤uids.Theconcertedin¤uenceof electromagnetic,hydrodynamic,thermalandvanderWaalsforcesas
well asBrownianforcesleadsto complex agglomerationbehavior whichdependson numerousparame-
ters,e.g.,theratiosof charges,sizes,temperatureandconcentrationsof theparticles.

The presenttheoreticalinvestigationof the problemis basedon moleculardynamicssimulations.In
order to keep the simulation time as small as possible,the surroundingliquid is not simulatedas a
whole. Insteadwe model the hydrodynamicforcesbetweenthe particlesby meansof effective long
rangeinteractions,employing the so-calledStokesletapproximation[1]. This approximationgivesthe
pair interactionof particles,assumingthe particlemovementis guidedby their surroundingelectrical
£eld. However, the longrangedhydrodynamicinteractionand the unscreenedCoulombforceslead to
a � � problemin computationaleffort. The other forces,i.e. van der Waals,lubricationandBrownian
forces,areshortrangedandthuscomputationallylessexpensive. In orderto simulatelargersystems,we
parallelizedthenumericalintegration,usingso-calledhypersystolicalgorithms[2].

First resultsfor particleswhichall carrythesamechargeshow theexistenceof a typical clustersizedue
to thecompetitionof BrownianmotionandCoulombrepulsion[3]. If thethermalenergy is higherthan
the effective Coulombbarrier, the particlesagglomerateuntil the biggercharge andreducedmobility
of theclusterspreventa furtheragglomeration.In all caseswe assumethatat contactthevanderWaals
attractionbetweenparticlesexeedstheCoulombrepulsion,thusall establishedcontactsbetweenparticles
areconservedfor all times.
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Binarysilicateglassescontainingheavy metaloxides,suchasPbO,Bi � O� or Sb� O� , show many interest-
ing andusefulproperties,£ndingapplicationsaslow-losswave-guidematerialswhich operateat wave-
length �¤£<� m, andastheactive mediumof Raman-active £breopticalampli£ersandoscillators[1, 2].
Theseglasses,submittedto thereductionprocess(e.g. in hydrogenatmosphereor protonbombardment),
undergo dramaticchangesin their optical properties,andelectricalsurfaceconductivity [3]. Reduced
glassescontainmetallicgranulesand/orneutral
Pb/Bi/Sbatoms[4], reveal a very high secondaryemissioncoef£cient,and£ndapplicationin thepro-
ductionof electronchannelmultipliers.

In the contribution we reporton the resultsof extensive moleculardynamics(MD) simulationsof the
structureof reducedlead-,bismuth-,andantimony-silicateglassesof composition¥ Me Jh$¦x§¥RM SiO� , Me
= Pb,Bi, Sb, &~"o¥¨"¤&'©ª� . TheclassicalAndersenalgorithmfor isobaric-isoenthalpic (NpH) ensemble
hasbeenused.Theatomsinteractedby a two-bodyBorn-Meyer-Hugginsinteractionpotentialwith full
ionic chargesSi« � andO� � . The metalatomswereneutral.In dependenceon the glassstoichiometry
thesimulationboxcontainedusually g¬x£¬®A$'& � atoms.Several20000-atomsimulationshave beenalso
performed.For eachcompositiona homogeneousmelt wasprepared,andthenslowly cooleddown to
300 K. The room-temperaturesystemsweresampledover 20000fs time-steps.For all the considered
glassesa strongtendency to the agglomerationof heavy metalatomswasobserved. We comparethe
distributionsof Pb,Bi, andSbgranules,theirsizesandconnectivity. Wealsodiscussthegranulesmelting
temperatures,andthetemperaturedependenceof theheavy atomsmobilities.In additionwe discussthe
in¤uenceof themetallicinclusionson themedium-rangestructureof silica.

Thecalculationshave beenperformedat theTASK ComputerCentrein Gdansk.
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Auxetics are isotropicsystemsof anomalous(negative) Poisson’s ratio: they expand(contract)trans-
verselywhenstretched(pulled)longitudinally[1].

Variousmodelsandmechanismshave beenproposedfor auxetic behaviour. Amongstthema few theo-
reticalmechanismshave beensuggestedwhichcanbeappliedon microscopiclevel [2, 3, 4].

In thiscommunicationresultsof computersimulationstestingthetheoreticalpredictionsarereported.
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Uponincreasingthe impurity concentration,a metalundergoesa phasetransitionto aninsulatorowing
to the Andersonlocalization.The aim of the presentstudy is to analyzethe metal-insulatortransition
numerically, usingtheone-electronAndersonmodel

¯ Z
°K �
g<+ � ��J °¥±M²ZXx �

g<+
°³ � � ��J °¥±Mh) (1)

where ��J °¥´M is a randompotential.Whena wave function of (1) hasthe form µ¶J °¥RM@· E �¹¸�º�»_ �*»_'¼ º , its
localizationlengtharoundthelocalizationcenter

°¥N½ is givenby ¾2��� . Theelectronis delocalizedif ¾¿Z%&
andhencerepresentsametal,whereasit is localizedif ¾¿�%& andrepresentsaninsulator. Ourpurposeis
to compute¾ .
We develop a new numericalalgorithm of computingthe localizationlength ¾ . New featuresof our
algorithmare:it is suitablefor treatinghugesparsematrices;thecodeis fully parallelized.

It wasrecentlyshown [1] thattheeigenvaluespectrumof thenon-Hermitiangeneralization

¯ Z
°K � �kÀ °Á
g<+ � �9J °¥RM²Z%x $

g<+ J
°³ x °Á M � � ��J °¥±M (2)

yields ¾ of theHermitianHamiltonian(1). Thismethodof computingthelocalizationlengthis of recent
interestasaverydifferentmethodfrom theconventionalone;In theconventionalmethod,¾ is calculated
directly from µ¶J °¥´M²· E �¹¸�ºÂ»_ �*»_ ¼ º aftercomputingthewave function.

It is easierto computethepseudo-spectrum[2] of non-HermitianHamiltonianmatricesthanthespectrum
itself. The pseudo-spectrumis the contourplot of the minimum singularvalue of the non-Hermitian
matrix Ã~x ¯ in the complex energy plain (Fig. 1). Our new algorithmproducesthe contourplot by
computingthemaximumeigenvalueof theHermitianmatrix JhÃ¬x ¯ MÄhJhÃ�x ¯ M .
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Fig. 1: The pseudo-spectrumof the non-Hermitian
Hamiltonian (2) in one dimensionwith Á ZÅ$'©ª& .
Thiscontourplot indicatesthattheeigenstatesin the
energy rangexÆ$'©ª: T/Ç§T $'©ª: aredelocalized.
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Mesoscopicphasetransitionsandtheir critical behavior of nanostructuredmaterialsaresummarized[1,
2, 3].

Thesystemsstudiedareasfollows: (1) three-dimensionalsystemsof spinlessparticlesstartingfrom the
grainsin thefcc or hcpstructureastheinitial con£guration,(2) two-dimensionalspinsystemsinteracting
with boththemagneticandelasticinteractions,and(3) two-dimensional,generalizedÈ -statesPottsspin
systemswith both thePottsspinandelasticinteractions(here È = 3, 4 werechosen).Thepair-particle
interactions,for simplicity, is chosenin thetypeof Lennard-Jones.

Novelty of thepaperis to establishhow to investigatethenanostructuredmaterialsandwhatto compute
astheir metastablebehavior andto constructthecomputersimulationsystemsfor them.

Theproblemsof thenanosturcturedmaterialsareconcernedwith dominantcontributionscomingfrom
nonequilibriumandlocal characteristicsof grainsandinterfacesformedin lowerdimensionality.

Thecomputationalmethodsusedareof MetropolisMonteCarloandrenormalizationmethodsgeneral-
ized.Themethodsareimprovedto beableto evaluatethelocal,metastablepropertiesof thesystems.

Theresultsobtainedaresummarized:(1) Thesimilarity anddifferencein thenanostructuredproperties
derivedin thetypeof thefcc or hcpstructureastheinitial con£guration,arediscussed.(2) Togetherwith
the typical bulk magneticandstructuralphasetransitions,many local, magneticandstructuralmeso-
scopicphasetransitionsarefound,which have thecharacteristicfunctionscomingfrom the character-
istic structuresandarecontrolledby the external£elds.(3) The orderof the magneticandstructural
phasetransitiontemperaturesis found to changeaccordingto themagnituderatio of themagneticand
elasticinteractionsof thesystems.(4) Themagneticand/orelasticgrainsarefound in various,charac-
teristicmesoscopicphases.(5) Theconceptsof thebulk, orderedanddisorderedphasesmagneticand/or
elasticarecompletelycorrectedin themesoscopicphases.(6) Themesoscopiccritical behaviors of � -
componentnanosystemsarefound.

Theconclusionsaresummarized.We couldconstructthecomputer-simulationsystemsfor typical nano
structuredsystemsandderive main characteristicsfor them.Furtherdetailedcharacteristicsarebeing
computed.
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Adenineis oneof thefundamentalstructuralcomponentsof theDNA molecule.Theability of its analogs
andcomplexesto incorporateinto DNA openswide prospectsfor developingnew drugs.On theother
hand,thesameits propertiescanleadto mutagenousconsequencesfor organismwhenformationof com-
plexestakesplace,for example,with heavy andtransitionmetalions[1]. A greatnumberof worksboth
theoretical[2] andexperimental[3] is devotedto investigationof structureandphysicalcharacteristics
of suchcomplexes.Therearecon¤ictingexperimentaldatain literaturenow aboutsitesof binding of
metal ions to adeninemolecule.N1, N3, N7 positionsandN of aminogroupareproposedby authors
asbinding centersdependingon the methodof preparationof samples[4]. We £rst studiedtautomer
stabilitiesof adeninecomplexeswith Cu(I) andCu(II) ionsby thehelpof theoreticalmethods.Thetotal
energies,moleculargeometryoptimizationsandexcitedstateenergy calculationswereperformedfor two
tautomersof adenine(Ade) andtheir complexeswith closed-shellCu (I) ion andopen-shellCu (II) ion
usingGaussian98.N1, N3, N7, N9 bindingsiteswereconsidered.Thegroundstategeometryoptimiza-
tion wascarriedout on the (U)HF/6-31+G** (for open-shellmetal ions), total energieswereobtained
on (U)MP2/6-31+G** levelsof theory, while transitionenergieswerecalculatedusingthecon£guration
interactioninvolving singlesexcitedcon£gurations(CIS method).Theeffect of bulk aqueoussolvation
wasstudiedapplyingthepolarizedcontinuummodel(PCM)of theself-consistentreaction£eld(SCRF)
theory. Theaminogrouprotationproblemis beingdiscussedtoo. An xperimentalUV-spectrumof ade-
nine complexes with Cu (II) in watersolutionhasbeenobtained.This spectrumhasa low-frequency
shift approximately1000cm-1in comparisonwith onesof adenine.Analysisof thevaluesobtainedfor
total energiesin casesof Cu(I) andCu(II) showedthatpreferenceof onetautomerin thegasphasecan
bechangewith includingof thecontinuummodel(PCM).Thus,themostprobablebindingsiteof Cu(I)
ion in gasphaseis theN7 atomof theadenineN9H tautomer, while in thesolvation modelthesite in
questionis N1 or N3. Analysisof energiescalculatedfor the£rstelectronicsinglet Ékx�É * transitions
showedthat themetalion bindingto theadenineN1 or N7 atomsmustresultin theredshift of theUV
spectrum(0-0 transition)of complexesstudiedwhile theN9 sitebindingleadsto theblueshift.
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Analysisof EXAFS dataobtainedfrom time resolved experimentcanbecomean extremelytime con-
sumingand inconvenientdue to the large numberof the consecutive absorptionspectra.The number
of spectrameasuredduring onesingleexperimentcaneasilyamountto several hundredinvestigations
demanddatareductionsoftware preparedto copewith large datasets.FTBF is a new packagecom-
bining a userfriendly graphicalenvironmentwith collection of numericalalgorithms.The numerical
library implementedin FTBF containsthemostcommonandusefulalgorithms[1] suchasa derivative,
integration,leastsquarere£nementof a large varietyof pro£lefunctions,ForwardandInverseFourier
transform,nonlinear£tting procedure.Necessarystepsfor conventionalEXAFS datatreatment[2] can
becarriedout (suchasbackgroundsubtraction,Fouriertransform).Theoptimizationprocedurepermits
to £t experimentalspectrato modelcalculationusingphaseandamplitudesof singlescatteringcomputed
in sphericalwave formalismby c

Ê
XAFSScodeor c

Ê
FEFFcode[3].

Thepackagealsoincludestheprogramof deglitching workedout on basisprocedureproposedin [4]. It
permitsto easilylocateandto eliminatefrom theEXAFS spectratheadditionalsignalsoriginatedfrom
theBraggscatteringby crystallinesamplesor artifactsby thesinglecrystalmonochromator.

Theanalysisfrom 1-stshellFouriertransformEXAFS is notenoughinformative becauseit doesn’t per-
mits to estimatetilts of the1-stshellatomsgroup(for example,oxygenoctahedrarotationsin perovskite
crystals)or displacementsof atomsin theneighbouringcells (phasetransitionsin a ferroelectrics).The
programfor analysisthe multiple scatteringprocesseson chainsand £tting procedurewith effective
phasesandamplitudesof scatteringdependedfrom anglesalsoincludedin FTBFpackage.Theeffective
amplitudesandphasescanbeproducedby c

Ê
XAFSS.

Thepackageis testedon theEXAFS spectraof Cu,KNbO� andNaNbO� crystals.
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Recentlyporoussiliconwasdemonstratedto bepromisingcompliantsubstratefor heteroepitaxialgrowth
[1]. Numberof depositedlayersnecessaryfor completeporessealingis of greatimportancefor high-
quality heteroepytaxial growth on poroussubstrates.This valuecouldbe estimatedusingMonteCarlo
simulation.Kosselcrystalmodelbasedon“solid onsolid” principleforbidsvoidsformation.Beingmore
complicatedandneedinglargecomputerresources,3D modelsfor diamondtypecrystalsarevastly less
evolved.3D MonteCarlomodelof epitaxialgrowth andsublimationprocesson ^ 100c and ^ 111c sur-
facesof diamondlike crystalspermiting atom diffusion along walls in any direction was developed.
Usingoriginal rapidalgorithmwe couldsimulatecrystalfragmentswith hundredsatomiclayersin the
depth.Onemonolayercouldcontainup to $'&|Ë atoms.Themodelpermitsvoidsandoverhangingforma-
tion. This modelwasappliedfor simulationof homoepitaxyon (111)and(100)poroussilicon surfaces.
Simulationof homoepitaxyprocessonporousSi surfaceswascarriedoutgiving estimationof necessary
dosefor completeporessealingof differentsizes,porosityanddepositionrate.

Simulationswerecarriedout in the rangesof substrateparametersandregime of growth accordingto
experimentalworks [1, 2, 3]: substratetemperatureduring epitaxy ��ZÌ$'&'Í'£ K, depositionrate ��Z
&Îx¤&'©ª$ nm/s, porosity ÏÐZ�g'Ñ %, poresdiameter Ò%ZÐ£§xÓ.Ô& atomic sites (a.s.) for Si(111) and
ÒXZÕ£§x�g'& a.s. for Si(100). Depositionrate �ÖZ×& nm/s correspondsto annealingprocess.High
temperatureannealingwascarriedoutat temperature��Ø9Z%$<.Ô&'& K.

Essentiallydifferentcharacterof surfacerelief evolutionduringannealingandepitaxyprocesseson(111)
and(100)surfaceshasbeenfound.Duringepitaxyon(111)surfaceat£rstporessealingis observedand
only thenroughnessof thesurfaceis evolved.On (100)surfacerougheningstartsat theinitial stagesof
growth. Poreson Si(100)surfaceprovoke relief evolution in growing layer. Depositeddoseoneorderof
magnitudegreaterthanonSi(111)surfaceis necessaryfor poressealingof thesamediameterleadingto
laterporessealingonSi(100).Distinctfacettingis observedonthesetwo surfaces:onSi(111)poreswalls
facettingby highindex planeswasobservedandonSi(100)pyramidalpitsevolving in growing layerover
poreswererestrictedby (111)surfaces.Analoguesdifferencesduringannealingprocesswasobservedas
well. During prolongedannealingfragmentationof narrow poreswasobserved.Createdvoidsapproach
equilibriumshapeasannealingtime increase.

This work wassupportedby theRFBR(No. 99–02–16742)andtheFederalTarget-OrientatedProgram
“Investigationanddevelopmentof prospective scienceandtechnologylinesfor civil purposes”.
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Predictive processandperformancesimulationof semiconductorheterojunctiondevices requiresana-
lytic modelswhich arequalitatively consistentwith the laws of solid statephysicsandquantitatively
accurate[1]. Oneof the most importantissuesis the understandingthe formationanddeterminingthe
magnitudeof conductionandvalencebandoffsetsat heterointerfaceswhich dominatevariousdevice
propertiessuchasinjection ef£ciency in heterojunctionbipolar transistors(HBT) andcarriercon£ne-
mentin themodulationdopedFETs(MODFETs)[2]. In thisarticle,anextended>�K � tight bindingmodel
is shown to behighly succesfulin thequalitativeandquantitative treatmentof heterojunctionbandoffsets
andSchottky barriersat any temperature,strain,pressure,andalloy composition.Thepresentedmodel
includestheoverlappingof hybridsat neighboringbondsandanti-bondssuchthat it cannotsimply be
absorbedinto a re-scalingof otherparametersto £ndthevalencebandenergieswhich arescreenedby
theopticaldielectricconstantsof constituents[3].

In £ndingtheheterojunctionbandoffsetsanaverageinternalreferencelevel, calledtight bindingmidgap
(TBM), atwhich thebandgapstatesareequallybonding(valencelike) andantibonding(conductionlike),
is de£nedataspecialpointwithin theBrillouin zoneof constituentsemiconductors.By aligningtheav-
erageTBM levelsat theheterointerface,thebandoffsetsare£rstobtainedat zerotemperatureand1 bar
of pressure.Thenonlineareffectsof temperature,strain,pressure,andalloy compositiononthebandoff-
setsarethenobtainedusingthetwo universalstatisticalthermodynamicpostulates:(i) thefreeelectrons
andholesareelectricallychargedweakly interactingquasi-chemicalparticlesand(ii) theelectron-hole
pairsaregeneratedby thechargetransferfrom thebonding(valencelike) statesto antibonding(conduc-
tionlike) states.

The model is appliedto AlGaAs/GaAsandHgCdTe/CdTe heterostructures,with normalandinverted
interfaces,to determinethe bondingpropertiesand bandoffsetsas a function of temperature,strain,
pressureandalloy composition.The modelpredictsa crossover betweenÙÛÚhÜ and ÙÛÚÝ at aboutP=46
Kbar for GaAs,in agreementwith measurementsof Goni et al., Phys.Rev. B 36, 1581(1987))andthe
fundamentalbandgapof HgTe increaseswith pressureandbecomes£niteat aboutP = 25 and15 Kbar
for T = 75, 150 and300 K. Pressuremovesup the energy of Þàß5 antibondingstatesabove the energy
of bonding Þà�á statesandHgTe becomesa diamondtypeabove thesepressures.Thebandalignmentat
theHgTe/CdTe interfacetransformsfrom type III to type I at pressuresabove 20 Kbar. Thecalculated
pressureeffectson thevalencebandoffsetsarefoundin goodagreementwith measurementsof Woldorf
et al. (J.Vac.Sci. andTech.,B 4, 1043(1986))for (Al,Ga)As/GaAsandLambkinet al. (Phys.Rev. 39,
5546(1989)) for AlAs/GaAs quantumwells for pressuresbelow 60 Kbar. Proposedmodelcompares
well with experimentfor thebandoffsetsof many heterostructures.
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Latticemodelswith sidechainsaremorerealisticfor proteinsthanthosewithoutsidechains.Thesidechains
wouldmake thefolding problemmuchmore,however, involvedcomputationally. In thiscontribution we
examinetheef£ciency of threedifferentmove sets[1] for studyingthe folding of modelproteinswith
sidechains.MovesetI includesonly singlemonomermoves.Singleanddoublebeadmovesareallowed
in movesetII. Finally, setIII involvesone-,two- andthree-monomermoves.Wehavestudiedthescaling
of folding times,âhã , underoptimalfolding conditionsfor three-dimensionalGo modelswith sidechains.
âäã wasfoundto grow with thechainlength, � , by power law with exponentå [2]. Weobtainedå[�%Í'),.
and 4 for set I, II and III, respectively. Thesevaluesare higher than å��æ£ for Go modelswithout
sidechains[3]. Our resultsshow thatthesidechainsslow down thefolding processremarkably.
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Field-inducedstructurechangesaremostpronouncedin thecaseof periodiccomposites.In arecentwork
[1], we have appliedtheEwald-Kornfeldformulationto studytheeffectsof geometricanisotropy on the
local distribution for a tetragonallatticeof point dipolesnumerically. In this work, we applytheLekner
formulation [2, 3] to yield an analyticexpressionof the local £eld in termsof geometricanisotropy.
In both cases,the resultsshow that the geometricanisotropy hassigni£cantimpacton the local £eld
distribution. In this regard,we have alsostudiedthe geometricanisotropiceffectson the piezoelectric
coef£cientin both two-dimensionalrectangularlatticeof line dipolesandthree-dimensionaltetragonal
latticeof point dipoles.

In actualcomputation,asan alternative to the Ewald summation,the Leknersummationtechniqueis
appliedin two-dimensionalperiodiclatticessoasto avoid theuseof anarbitraryconvergenceparameter.
Firstly, theLeknersumyieldsa single,exponentiallyconvergentseriesin the realspace.Secondly, the
resultinglocal£eldexpressionis analyticin thegeometricanisotropy, thusallowing usto deriveanalytic
expressionfor thepiezoelectriccoef£cientfrom thelocal£eld.In computingthepiezoelectriccoef£cient
in three-dimensionaltetragonallatticesby usingtheEwald-Kornfeldformulationfor differentvaluesof
the adjustableparameterç of the sums,no plateauvaluecanbe found for all rangeof ç althoughwe
thoughtthattheEwald-Kornfeldsummationshouldbeindependentof thearbitraryconvergenceparam-
eter. So we usesphericalsummationregion insteadof tetragonalregion to obtainbetterconvergence.
Dueto thefactthatthederivative of thelocal£eldbehavesevenworsethantheconditionallyconvergent
summationof the local £eld, the reciprocallattice sumwill diverge as ç increases.Nevertheless,our
resultshows that thevaluesof piezoelectriccoef£cientby applyingEwald-Kornfeld formulationagree
with thoseobtainedby asimplenumericaldifferentiationof thelocal£eldexpressionwith respectto the
geometricanisotropy.

In summary, the resultsshow that the geometricanisotropy hasa signi£cantimpacton the local £eld
distribution and the piezoelectriccoef£cient, in both two-dimensionaland three-dimensionalperiodic
lattices.Wecheckthatthepiezoelectriccoef£cientobtainedby applyingtheEwald-Kornfeldformulation
agreewith thoseobtainedby asimplenumericaldifferentiationof thelocal£elddistributionwith respect
to thegeometricanisotropy. Theresultsoffer potentialapplicationsasarti£cialpiezoelectricmaterialsas
onecanchangethedegreeof anisotropy easilyin asuspension.
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Macroscopicparticlesembeddedin liquid crystal (LC) causethe multiple defectsin alignmentof LC
directorthatresultsin astrongRayleighlight scattering.Thetransformationanddisappearanceof apart
of themundertheelectric£eldactionaswell astheturn of LC moleculesalongtheelectric£eldcause
a mediaenlightenment.Dueto this theLCs £lled with particlesof micronsizearevery perspective for
usingin displaytechnologiesandareintensively studiedin lasttime.Wereporttheresultsof investigation
of theangulardependenceof theRaleighlight scatteringintensityin LCs which containtheparticlesof
sphericalor cylindrical form usingthecomputermodelling.It wasstudiedthein¤uenceof particlesize,
form andaspectratio,directoranchoringstrengthon theparticlesurface,light polarisation,andexternal
electric£eld.Theconcentrationof particlesis assumedto besmallsothe interactionbetweenthemvia
nematicmediais negligible. For somecaseswe have found the directorspatialdistributions nearthe
particlesandinvestigatedthe in¤uenceof externalelectric£eld on the director texture. To studylight
scatteringin thecaseof è�éê"%$ , whereè is awavevectorof light, é is asizeof directorinhomogeneity
area,we usedRayleigh-Gansapproximation.If a sizeof theparticlesin LC is approximatelyë�&'©ª$<��+
or thedirectoranchoringon theparticlessurfaceis stronglyrigid onecanusetheanomalous-diffraction
approach.In this approachwe have calculatedthe total light scatteringcrosssectionsby £lled LCs
assumingthe directoranchoringon the particlessurfacein£nitely rigid so the disclinationsappearin
the director £eld nearthe particles.Finally the in¤uenceof LC ¤exoelectricityon the Rayleighlight
scatteringcross-sectionin externalelectric£eldwasstudiedaswell.
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Thecoil-globule transitionof anisolatedpolymerhasbeenwell establishedto bea second-orderphase
transitiondescribedby a standardtricritical O(0) £eld theory. We provide compellingevidencefrom
MonteCarlosimulationsin four dimensions,wheremean-£eldtheoryshouldapply, thattheapproachto
this (tri)critical point is dominatedby thebuild-up of £rst-order-like singularitiesmaskingthe second-
ordernatureof thecoil-globule transition.As indicatedin Figure1, thedistribution of theinternalenergy
hastwo clearpeaksthatbecomemoredistinctandsharpasthetricritical point is approached.However,
the distancebetweenthe peaksslowly decaysto zero. The evidenceshows that the position of this
(pseudo)£rst-ordertransitionis shiftedby an amountfrom the tricritical point that is asymptotically
muchlargerthanthewidth of thetransitionregion [1, 2].
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Fig.1. Internalenergydensitydistributionsfor lengths¢G÷ùø�ú<û'ü and ý\þ<ÿ\ü7û , each at their respectivetransition
temperatures.Themore highlypeakeddistribution is associatedwith length ý\þ<ÿ<ü�û .

The Monte Carlo simulationsarebasedon a new stochasticenumerationalgorithm,known asPERM,
which hasbeenrecentlydevelopedby Grassberger [3]. This is essentiallya kinetic growth strategy that
addsclever enhancementsto simultaneouslyallow a wide rangeof temperaturesto beaccessedandfor
theattritionof samplesthroughtrappingto belessened.
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Biosensorscombiningthebasicprincipalsof microelectronics,chemistryandbiotechnologyattractcon-
siderableattentionin such£eldsasmedicine,environmentalmonitoring,pharmaceuticandfoodquality
control.Now themostimportantproblemfor manufactureis to develop the inexpensive, commercially
available,reliabledeviceswith high operationperformances.Thelattercanbeachievedin particularby
employmentof multilayerchargedenzymemembranes[1]-[2]. Thepredictionof responseof suchtype
of sensorrequiresdetail analysisof the reaction-diffusion-drift phenomenaoccurringin themultilayer
membranewhich is complicatedby necessityto take into accountinteractionbetweenchargedspecies
of a testsolutionandchargeencapsulatedin somelayer(s)of themembrane.

In this work a mathematicalmodelof a glucosebiosensorwith multilayerchargedmembraneis devel-
oped.A solid-statetransducercoveredby themembranelinearly transformsa valueof protonconcen-
trationnearmembrane-transducerinterfaceinto electricalsignal.Multilayer membranecontainsat least
oneenzymelayer with uniformly distributed immobilizedenzymemoleculesof a given concentration
andotherlayersinvolving (if necessary)encapsulatedchargeof constantconcentration.Testsolutionis
consideredto be in£nite sourceof £ve typesof species:glucose,oxygen,protons,buffer andits con-
jugatebase.The Michaelis-Mententheoryis usedto describereactionkinetics.The model is reduced
to one-dimensionaltransmissionproblemfor the systemof nonlinearevolution equationsdescribing
diffusion-drift transportof reactioncomponentsandproductsin membraneaswell asPoissonequation
for electrostaticpotential.

To £ndapproximatesolution,we usedimplicit differenceschemewith automaticselectionof time step
and constructedirregulal spacegrid with automaticadaptationof grid points to physicaldataof the
model.In numericalexperimentthe developedmodelof the biosensorwasadoptedto the real experi-
mentalsampleof theglucosebiosensor2-layerchargedmembrane[1]-[2]. Weconsideredtheinnerlayer
to beenzymeonewhile thesecond(charged)layercontainstheuniformly distributednegativeor positive
charge,andtheouter(neutral)layerplaysrole of a spacerin which speciesconcentrationschangefrom
their valuesin thechargedlayerto thosein bulk of abuffer. As aresultof computersimulation,thetran-
sientandpositiondependenciesof all speciesconcentrationsandpotential,time dependenciesof output
signalandcalibrationcurvesof glucosebiosensorwereobtained.Numericalexperimentshows that i)
potentialbarrierat themembrane-solutioninterface(or within themembrane)cancausea tremendous
changesin protonpro£lewithin themembraneandhence,in sensorperformancesandii) dependencies
of sensorsensitivity onchargedlayerthicknesscanbestronglynon-monotonewith substantialdifference
betweenmaximalandminimal values.

Thus,the developedmodelandalgorithmgive an opportunityto predictandoptimizeenzymepoten-
tiometric biosensorperformancesby varying combinationof physicalandbiochemicalparametersof
the membranelayersas well as createa basisfor developmentof sensorwith electrically controlled
performances.
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Theproblemof thecondensatefraction in liquid helium-4was£rstconsideredin theclassicalpaperby
PenroseandOnsager. Theauthorsuseda very roughapproximationof hardspheresandcalculatedthis
quantity � asapproximately0.08or 8 percent.Sincethattimetherewerealot of differenttheoreticales-
timationsandexperimentalmeasurementsfor � . All of themdonotdiffer muchfrom the£rstestimation
andvary from about4 to 20percent.

In this work, we proposea simplemethodfor thecalculationof thecondensedfractionusingformulae
obtainedearlierin [1]:

�[Z%�¬½A=b� Z������9J�� � � � ? � 	 � ©b©b©�Mà) (1)

� � � Z%x $
.Ô� 
�� ½ Jh��� xq$'M

� ='��� ) ? �
	 Z/B Ò�� g�� � Jhé M¦x��ÔJhé M � � � Jhé Mh=<.

�ÔJhé M²Z��Ô�'Jhé M¦xq$') � � Jhé M²Z �Ô�AJhé M`x/$')
dotsdenotetermshaving morethanoneintegrationover wave vectoror coordinate,�2�AJhé M is the pair
distribution function, � is thenumberof atoms,and

� � Z $ � g���� � � È �
g<+ ) (2)

4�������� � is helium density, �kZ &'©ª&'g'$'Ñ'� ªA � � , + is the massof helium atom, +ÅZ .Ô©ª&'&'g': a. m. u., È
is thewave vector. Theseexpressionscontain ��� beingtheFourier imageof theinteratomicpotentialin
heliumthathasaneffective nature.It is obtainedfrom the£rstprinciplesusingthecollective variables
formalismin theSchr̈odingerequation,asdescribedin [2]. Theonly quantitywe needto know for it is
thestaticstructurefactorof heliumat zerotemperature.It is theadvantagecomparingto thosemethods
thatinvolve suchquantitiesasthedynamicstructurefactor, measurementson thehigh-energy scattering
[3], phenomenologicalassumptions[4], etc.

Wehave calculatedthecondensatefractionatzerotemperatureusingtwo differentmodelsfor theshort-
rangerepulsive part of thepotential.In the£rst one,we do not take it into accountdirectly andin the
secondonethisrepulsionis modeledby Meyer’s function E rs� ��! w#" x§$ , é is theradius-vector. Wechoosed$ Z%g'©ª$ ªA and!#Z%$'g .
Thecalculatedvaluesof � are13.2percentand11.2percentrespectively. Weexpecttherealvaluebeing
about10–30percentlessthancalculateddueto thecontribution of thehigher-orderterms,asdescribed
in [1]. But in the£rstapproximationwe considerit to bea goodaccuracy for sucha hardly-measurable
quantityascondensatefractionin helium.

References

1. I. O. Vakarchuk,Ukr. Fiz. Zhurn.35, 1261(1990).
2. I. O. Vakarchuk, V. V. Babin, A. A. Rovenchak, J. Phys. Stud. 4, 16 (2000); available in PS-format at

http://www.ktf.franko.lviv.ua/JPS/2000/1/ps/16 22.ps.gz
3. J.Mayers,C. Andreani,D. Colognesi,J.Phys.:Condens.Matter, 9 10639(1997).
4. J.Mayers,RutherfordAppletonLaboratoryTechnicalReportRAL–TR–96–031(1996).

B59



Non-equilibrium molecular dynamicssimulation of block
copolymersin selectivesolvents

Igor Rychkov, K. Yoshikawa
Departmentof Physics,GraduateSchool of Science, KyotoUniversity, Kyoto

606-8502,Japan

e-mail: rych@chem.scphys.kyoto-u.ac.jp

Block copolymers,which aremacromoleculeswith immiscibleparts,areattractingconsiderableatten-
tion dueto their ability to self-assembleinto variousorderedstructures.While block copolymermelts
arefairly well studied[1], researchon block copolymersin selective solutionsstayratherlimited, asthe
additionof low molecularweight solution,which is both a diluent anda mediumfavorablefor oneof
blocks,makesthephasebehavior of thesystemmorecomplicateddueto theextra degreesof freedom.
Yet recentlya phasediagramof somestructuresin block copolymersolutionswaspresentedusing a
self-consistentmean-£eldtheory[2].

We presenta Non-EquilibriumMolecularDynamics(NEMD) simulationstudyof symmetricdiblock
copolymersin selective solvents.Fixing all theparametersthatensureimmiscibility andthequality of
solventbeingfavorableto oneblock andthereforecausingcollapseof theotherblock,we vary thecon-
centrationof block copolymersin the wide range,startingfrom the critical concentrationof micelle
formationup to densesolutions.With theincreasingof theconcentrationtheemerging of variousstruc-
turesaswell astransitionsbetweenthemareanticipated,namely, disorderedphase,sphericalmicelles,
cylindrical structures,bicontinuous(gyroid) structuresandlamellarphase.

For eachof thestructureswe studythestructuralpropertiesaswell astherheologicalbehavior in shear
¤owsusingSLLOD+NEMD [3] simulationtechnique,with SLLOD equationof motions,andexploiting
recentadvancedsymplecticnumericalintegrator[4]. Our interesthereis twofold. Rheologyis a useful
tool for locatingphasetransitions,andblockcopolymersarepromisingsystemsfor £ndingnon-standard
rheologicalbehavior. Ourstudiesmainlyresultin thepresentationof thevariousstructuresemergingand
thedependency of viscosityon theconcentrationandtheshearrate.

References

1. Block CopolymerThermodynamics:Theory And Experiment,F.S.Bates,and G.H. Fredrickson,ThermoplasticElas-
tomers,2ndEd,HanserPublishers,NY. (1996).

2. Self-consistentcalculationsof block copolymersolutionphasebehavior, HuangCI, LodgeTP, Macromolecules31 (11),
3556-3565(1998).

3. StatisticalMechanicsof NonEquilibriumLiquids,DenisJ.EvansandGaryP. Morriss,AcademicPress,London(1990).
4. Reversiblemultipletimescalemoleculardynamics,M. TuckermanandB. J.BerneG.J.Martyna,TheJournalof Chemical

Physics,97,3, 1990-2001(1992)

B60



Kinetic theory of mechanicalstrengthof carbon nanotubes

Guram G. Samsonidze� and Georgii G. Samsonidze��
Instituteof AppliedPhysics,Corrensstraße2–4,D–48149Münster, Germany�

Departmentof MechanicalEngineeringandMaterialsScience, RiceUniversity,
Houston,Texas77005,USA

samsonid@nwz.uni-muenster.de

Promisingmaterialsfor many areasof scienceandtechnology, carbonnanotubes(CNT) areinvestigated
intensively for thelastdecade.Amongotherintriguingproperties,they demonstrateenormousmechani-
cal strength.Studiesof thestrengthlimits involve survey of non-plasticmechanicalrelaxationprocesses
in thematerial.On initial stepstheseprocessesarebuilt up of diatomicinterchanges,known asa Stone-
Walesdefects(SWD) in fullerenescience.Detailedcomputersimulationsperformed[1] con£rmthe
mechanismof initial strainreleasethroughSWD generation.While the thermodynamicsof SWD for-
mation in CNT is discussedelsewhere[2], the kinetic aspectsof sucha processstill presentan open
problemfor science,in spiteof the importanceof the activation barriersand transitionstates(TS) in
theexplorationof CNT mechanicalfailuremechanisms.Two differentatomiccon£gurationsof TShave
beendetectedearlier[3, 4] in quantumab initio studiesof fullerenes,with someuncertaintydueto the
differencesin themethods.Notethattheimposedconstraintsontheatoms[3], which is equivalentto the
inclusionof virtual forcesin thesystem,cansomewhatdistorttheresultingS structure.

Presentstudyrevealsseveralmodesof TScorrespondingto differentpositionsof therotatingSWDbond
atomswith respectto thegraphiteplane.Multiple computations,augmentedby theanalyticalformulas
for the secondderivatives of the Tersoff-Brennermultibody empirical interatomicpotential,allow us
to comparetheactivationbarriersfor thecompetingTS modes.Ourmethoddoesnot involve any force-
constraintsandthereforeallows£ndingtheexactfreeTSmodes,within theclassicalpotentiallimitations
only. Our calculationsdemonstratethatbothdisputableTS modes[3, 4] exist andcanbe preferablein
theCNT of differentdiametersandchiral symmetriesandundervariablestrainlevels.It is shown in the
presentpaperthat differentbranchesof activation energy (i.e., energy barriersof differentTS modes)
are the most favorablefor variableCNT chiralities,diameters,and strain levels, leadingto TS mode
competitionin stretchedCNT. The lower envelopeof the activation energy branchesasa function of
CNT chirality, which de£nesthe relative strengthof CNT of different symmetries,is found to differ
signi£cantlyfrom theformationenergy.

In conclusion,thepaperpresentsa complex descriptionof non-plasticmechanicalrelaxationchannels
basedon SWD generationprocessesin CNT. It is shown that the kinetic behavior of a single SWD
differs in principle from thethermodynamicone.Actually, from thekinetic point of view, thecommon
thermodynamicconceptionsof CNT mechanicalyield are turnedupsidedown. Someproblems,such
ascorrelationeffectsandcurvaturein¤uence,arenot coveredby thepresentpaperandaresubjectsfor
futurework.
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The computerprogramfor quantitative descriptionof a network of £ller particlesasmassmultifractal
hasbeendesigned.For this purposewith the help of the pictorial editor PhotoEditor the contoursof
£ller particlesin anmicrophotographof fracturesurfacewerede£nedandon imagethegrid with square
boxeswith thesize % wassuperimposed.After thateachparticlewascoloredandmomentM & for each
box in amicrophotographby thesizeL wascalculated:

� � · � %
')( r �h� � w ) (1)

whereD& is dimensionRenji,q – index.

DesignedthisdiagramsD& (q) have the”classical”S-shapedpicturein aninterval q= -40� +40.It means
that thenetwork of £ller particlesin polymericcompositesis multifractal.Thecheckout of themethod
is carriedoutwith thehelpof theinequality:

*
�+ È + � $ " * � " Ò + È + � *

�+ È + � $ T Ò�) (2)

whered is dimensionof Euclideanspace,in which multifractal (in our cased=2) is considered.This
checkout hascon£rmedthecorrectnessof theproposedprocedure.

Theestimationof £llerparticlesnetwork structurewith thehelpof themultifractalcharacteristicsshowed
thatincreaseof the£ller volumetriccontent,.- givesanincreaseof Hausdorff dimensionD½ (atq=0)and
increaseof ”latentordering”of anetwork ? � ½ , de£nedasD � -D� ½ (atq=1and40,accordingly).Besides
the increase,�- givesan increaseof extremaldimensionD � � ½ andD� ½ , describingmostconcentrated
andmostrare£edsetsin the system.The simultaneousincreaseD � � ½ andD� ½ in accordancewith the
increase,�- meansraiseof £ller particlesaggregation.It alsosupposedobserved increaseof correlation
dimensionD� (at q=2),describingprobabilityof £ndingin onebox of pointsof set,in accordancewith
theincrease,�- .
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Adsorptionof macromoleculesonto a surfaceis oneof the fascinatingproblemsin polymerphysics.
Recently, theproblemhasbeenstudiedintensively dueto its scienti£cimportanceandnumeroustechni-
cal applications[1, 2]. Despiteof thesigni£cantprogressin this £eld,many questionsstill remainopen
[3, 4].

Up to now themainattentionhasbeenpaidto adsorptionof ¤exible polymerchainson a ¤atattractive
surface,while thespecialfeaturesof stiff polymerchainsadsorptionwereessentiallynot investigated.
Weproposethattherigidity of macromoleculesin¤uencesconsiderablythecharacterof their interaction
with anattractive surface.

In thepresentwork, theimpactof thechainstiffnessuponits adsorptionfrom a semi-dilutesolutionhas
beeninvestigated.In addition,theappearanceof liquid-crystallineorderingof themacromoleculesin the
vicinity of theattractive surfacewasstudied.

We performisothermalmoleculardynamicssimulationsof polymerchainswith excludedvolumenear
animpenetrableattractivesurface.Thein¤uenceof adsorptionenergy, chainstiffness,andconcentrations
of thechainsin thesystemhasbeenexamined.

Themorphologyof theadsorbedchainshasbeenstudiedin detail.In particular, quantitiessuchasaverage
lengthof theadsorbedandof theloopsections,themonomerdensitypro£le,andthesegmentorientation
werecalculated.Weshow thattheaveragelengthof adsorbedsectionsincreaseswith enlargementof ad-
sorptionenergy aswell aschainstiffness,anddecreaseswith increasingchainconcentration.In contrast,
theaveragelengthof loopsdecreaseswith increasingadsorptionenergy andchainstiffness,andenlarges
with increasingconcentrationof thechainsin thesystem.

Orientationorderingof stiff polymerchainsin the courseof their adsorptionfrom the semi-diluteso-
lution ontoa planesurfacewasalsoexamined.We £nd that orientationorderingof polymerchainson
theattractive surfaceincreaseswith increaseof adsorptionenergy, andsodoestheorientationordering
of polymerchainsin the bulk. An enlarging of the numberof polymerchainsin the systemleadsto
disappearanceof orientationorderingof macromoleculeson theattractive surface.
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In recenttime many propertiesof glasstransitionshave beeninvestigatedintensively. Thephenomenon
of glasstransitionhasa considerabletechnologicimportance.In particularthetransitiontemperatureis
a mostimportantcharateristicin thetechnicaluseof amorphouspolymers.

In spiteof many theoretical,experimentalandcomputersimulationworksdevotedto this theme,some
physicalpropertiesof theglasstransitionarestill not clear. Thereis no theorydescribingsatisfactorily
all thediversityof characteristicsconnectedwith thetransition.

The most interestingquestionthat cannotbe answeredon the baseof available experimentalfactsis
whetherthe glassstateis a new phasestate,or simply an unequilibriumstatewith freezedkinetical
degreesof freedom.

All simulationsdescribingthe glassstateareseparatedin two main methods.The £rst methodis as-
sociatedwith realisticpolymersor otherglasssystemsunderconditionscorrespondingto realphysical
conditions.Thesecondinvestigatesabstractmodelsthatmaydivergefar from realmaterials,but mimic
correctlythebehavior of realglasssystems.Themodelsof thesecondclassaresimplerarefasterand
enableto investigateextensively thein¤uenceof variousphysicalfactorson theglasstransitioncharac-
teristics.

Thepurposeof thiswork is to investigateoneof theseabstractmodelsthatexhibits a transitionbetween
two regimesof behavior, similar to aglasstransition.In thisone-dimensionalcontinuummodel,aBrow-
nianparticlediffuseswhithin a speci£csetof obstacles.Theobstacleshave a givenlifetime. At theend
of its lifetime, the obstacledisappearsandemergesin anotherlocation.The particlecannotpenetrate
throuth the obstacle.Its diffusion cof£cient

*
is connectedwith the lifetime / of obstaclesin a self-

consistentway,
* /HZ10 , where 0 is a constant.“Freezing”occursat a suf£cientlylargeconcentration

of obstacles;the systemis athermal.The modelis basedon a modelproposedrecentlyby Ivanov [1],
in which “old” and“new” coordinatesof obstacleswereuncorrelated.We improvedthemodelby intro-
ducingGaussiancorrelations(characterizedby adistribution width 2 ) betweenlocationsof obstacles.

The dependenceof the diffusion cof£cient
*

wasmeasuredasa function of obstacleconcentrationW ,
correlationof obstaclepositions,rateof successfulmoves of particle,andof the combination 243 0 .
Comparisonbetweenthe previous andthe improved modelshows that the previous model is approxi-
matedby thenew onein thelimit 2 W � � .
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Thenatureof themelting transitionfor a systemof harddiskswith translationaldegreesof freedomin
two spatialdimensionshasbeenanalyzed[1] by a novel £nitesizescalingtechniquefor thecomputa-
tion of the crystalselasticproperties[2] closeto the melting transition.The behavior of the systemis
consistentwith thepredictionsof theKosterlitz-Thouless-Halperin-Nelson-Young theory.

Hard and soft disks in external periodic potentialsshow rich phasediagramsincluding freezingand
meltingtransitionswhenthedensityof thesystemis varied.Herethephasediagramsof suchsystemsin
aspatiallyperiodicexternalpotentialis studiedusingextensive MonteCarlosimulations.Detailed£nite
sizescalinganalysesof variousthermodynamicquantitieslike theorderparameter, its cumulantsetc.are
usedto mapthephasediagramof thesystemfor variousvaluesof thedensityandtheamplitudeof the
externalpotential.Forharddiskswe£nd[3] clearindicationof are-entrantliquid phaseoverasigni£cant
regionof theparameterspace.Oursimulationsthereforeshow thatthesystemof harddisksbehavesin a
fashionsimilar to chargestabilizedcolloidswhichareknown [4] to undergo aninitial freezing,followed
by a re -melting transitionastheamplitudeof the imposed,modulating£eldproducedby crossedlaser
beamsis steadilyincreased.Detailedanalysisof ourdatashows severalfeaturesconsistentwith a recent
dislocationunbindingtheoryof laserinducedmelting [5]. The differencesandsimilarities in systems
with soft potentials(screenedCoulomb,1/r , n=12)is discussed.
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Using a coarse-grainedmodel of a semi¤exible macromolecule,the equilibrium shapesof the chain
have beenstudiedvarying both the temperatureandthe chainstiffness.We have appliedMonte Carlo
techniquesusingthe bond¤uctuationmodel.Chainsconsistingof 40, 80, 160,200 and240 monomer
units have beenstudied.We have usedin our model two different typesof interactions:a potential
dependingon the anglebetweensuccessive bondsalong the chain to control the chain stiffness,and
anattractive interactionbetweennon-bondedeffective monomersto modelvariablesolventquality [1].
In a diagramof statesfor £xed chainlengthwherechainstiffnessandinversetemperatureareusedas
variables,we £nd regionswherethe chainexists ascoil, assphericalglobule, andastoroidal globule,
respectively (Fig.1).Thisregionsarenotlimited by sharplyde£nedboundaries,but ratherwidetwo-state
coexistenceregionsoccurin betweenthem,wherealsointermediatemetastablestructures(suchasrods
anddisks)occur. It wasfoundthatthetransitionsbetweencoil andtoroidalglobule andbetweentoroidal
globule andsphericalglobule which take placeat ratherhigh valuesof stiffnessareof therounded£rst
ordertype[2]. Usinga new orderparameter, we have foundthat thetransitionbetweentoroidalglobule
andthesphericalonefor shortchainsoccursvia theintermediatestateof liquid-crystallineglobule.

It wastheoreticallyestimated[3] that the dependenceof toroid radiuson chainlengthshouldscaleas
é · �k�Z�äË . In order to checkthis predictionwe have investigatedtoroidal globules formedby chains
of 40, 80, 160and240monomers.Accordingto our simulationswe have found this dependenceto be
éê·ê� ½�5 �h��6 ½�5 ½ � (Fig. 2) whatis in goodagreementwith theory.

Fig. 1. Diagramof statesfor semi¤exible poly-
mer chainwith �×Z�Ñ'& in variablesstiffness
( 7 ) vs. inversetemperature( $'=<� ).

Fig. 2. Dependenceof toroid radius on
chainlength.
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The calculationof the friction coef£cient, 8 , of a Brownian particledissolved in a liquid is a delicate
problemin amoleculardynamicssimulation.Within theframework of linearresponsetheory, 8 maybe
calculatedvia

8ÆZ � £ 9#:#;<>=@?
<
½ Ò�/ limth ACBùJD/`MDBnJh&'M�E (1)

whereB is a projectedrandomforceactingon theBrownianparticle,� theinversethermalenergy and
limth denotesthethermodynamiclimit ( � � � , � � � , �§='�;Z W �\!*>�â ). In thelimit of anin£nitely
heavy Brownianparticle,B ZF� , where � is theforceon theBrownianparticledueto the¤uid. It was
shown in Refs.[1, 3] that 8�ZG& if onedoesnot take into accountthethermodynamiclimit beforetaking
âj� � . Thereasonfor thisbehavior is thefactthatthemomentumof the¤uidgainedby collisionswith
the£xedparticlecannotbecarriedoff to in£nity [2], i.e. it is con£nedwithin thesimulationbox.

We proposeherea simple but effective way to calculatefriction coef£cientsin systemswith a £nite
numberof particlesto which periodicboundaryconditionsareapplied.The ideais to £x a Brownian
particle in the centerof the simulationbox andto randomizethe momentumof thoseparticleswhich
leave thesimulationbox on theonesideandenterinto it on theothersidesothat thereareno dynamic
correlationsbeyondtheboxboundaries.In thatwaythemomentumof the¤uid is randomizedacrossthe
boundariesor onecansaythatit is carriedoff to in£nity.

The randomizationof the ¤uid particlesis donein a way that the statisticsof the velocity distribution
function in thesystemis not altered,i.e. thesystemis neitherheatedup nor cooleddown. This maybe
achieved by the choiceof new velocitiesacrossthe boundaries4A HGJI�Z �Ô4LKNM f � 3 $jx� � 4A6 Ø  , where
4 6 Ø  is a randomlychosenvelocity from a distribution with thesamemeanandvarianceas 4LKNM f , and �
is variedbetween0 and1. (choosing4A6 Ø  correspondingto a temperature� , our techniquemayalsobe
appliedasa thermostat).

We show that it is possibleto obtaina £nitevalueof 8 in Eq.1alreadyfor a smallnumberof particles.
We presentcalculationsfor 8 for a Brownianparticle,modeledby a modi£edLennard-Jonespotential,
£xedat theorigin of thesimulationbox andimmersedin a Lennard-Jones¤uidconsistingof ��Z�g'�': ,
g'&<.ÔÑ and $':'£'Ñ<. particles.
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Electrostaticinteractionplaysan importantrole in aqueoussolutionsof colloids andpolyelectrolytes
[1-3]. While the bareCoulombinteractionbetweenchargedcolloidal particlesis purely repulsive, the
problemis nontrivial by the presenceof the microscopiccounterions,which aredispersedin an aque-
oussolutionandscreenthe direct Coulombrepulsion.For weakCoulombinteractionor high dilution
of the macroions,the linearizedscreeningtheory of Debyeand Hückel always leadsto an effective
pure-repulsive interactionbetweenmacroions.This phenomenais describedby theDerjaguin-Landau-
Verwey-Overbeek(DLVO) theory, whichpredictsthescreenedCoulombrepulsionbetweenchargedcol-
loidal particlesin an aqueoussolution.In the DLVO theory, theeffective interactionbetweenparticlesOQPSRUTWV JD�àM is givenby OQPSRUTWV JD�àM²Z � �'E�.'É²I

�u¸ Ø
$ � ¾��

� � �¹¸ 6� ) (1)

where � , E , ¾ , � , I and � denotethe surfacecharge of colloidal particles(macroions), the elementary
charge of anelectron,the inverseof Debye-Ḧuckel screeninglength,a radiusof colloidal particles,the
dielectriccoef£cientof the medium,andthe center-to-centerdistancebetweentwo colloidal particles,
respectively.

Recently, a lot of worksaredevotedto clarify thecounterioncondensationandtheattractive interaction
betweenchargedcolloids,whichareinconsistentwith theDLVO theory. In thispaper, nonlinearscreen-
ing effect of chargedcolloids andtheir non-DLVO behavior arenumericallyinvestigated.We perform
“ion-counting” analysisby Monte Carlo simulationandclarify microion densitypro£leson a charged
colloidal particle.With multivalentsalt ions,thecalculatedresultson theelectricdoublelayerobey the
drasticallydifferentpro£lefrom thatdescribedby theGouy-Chapmantheory. We alsocon£rmthat the
chargeinversionphenomenabecomesenhancedwith increasingconcentrationsof multivalentsalt ions.
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Understandingthe glassystateof condensedmatterand in particularthe transitionthat leadsfrom a
supercooled¤uid to the amorphoussolid is oneof the greatestchallengesof our time. A particularly
controversialconceptis the ideaof a characteristic“correlationlength” X that grows asthe glasstran-
sition is approached.This lengthis supposedto measurethesizeof theregionsover which cooperative
structuralrearrangementsneedto occurto allow thesystemto relax[1]. If sucha growing lengthscale
exists, the glasstransitiontemperature,Y[Z , shoulddependon the systemsize, � , for ��"\X . The in-
vestigationof the glasstransitionin thin polymer£lmsprovidesan attractive way for the studyof the
sizedependenceof Y[Z . Although therehave beenmany experimentson polymer£lms [seefor exam-
ple Refs.2 and3] many detailsarestill unclear. An intriguing featureclearly is that for long entangled
chainsthemotionneara surfacemaydiffer from theonein thebulk [4]. Therefore,we study, via com-
putersimulations,theglasstransitionof shortpolymerchainsthatarenot entangled.Thecon£nement
is realizedby two completelysmoothandrepulsive walls actingvia a

O I Ø MCMOZ + ÃU]_^�`babced>fegjxyÃihj^�fef + ��k po-
tential. The in¤uenceof this con£nementon the dynamicbehavior of the melt is studiedfor various
£lm thicknesses,i.e.,wall-to-wall separations,rangingfrom about3 to about12 timesthebulk radiusof
gyration.A comparisonof thedynamicquantitieslike themeansquaredisplacementsor theincoherent
scatteringfunction for the £lm andfor the bulk clearly shows an accelerationof the dynamicsdueto
thepresenceof the(smooth)walls.Theeffect of thewalls is morepronouncedat low temperaturesand
small£lm thicknesses.Weobserve thatsomeaspectsof thedynamicbehavior of thecon£nedsystemcan
bedescribedby thesocalledmodecouplingtheory(MCT). In particular, the � -relaxationtime obeys a
power law / l�J * ),�9Mnm + �êxoYqpbJ * M + �jr r ' w © Using this power law we obtainthe

*
-dependenceof the

modecouplingcritical temperature,YqpbJ * M , which decreasesfor smaller
*

. This resultis in qualitative
agreementwith thatof theglasstransitiontemperatureobservedin someexperimentsonsupportedpoly
mer£lms[2]. As for thecritical exponentsRJ * M , theobserved

*
-dependenceis ratherweak.This moti-

vatesusto comparethetime dependenceof themeansqauredisplacementsfor various£lm thicknesses
andfor thebulk at temperatureswith thesamedistancefrom thecorrespondingcritical temperature.For
intermediatetimes,all curvescanbewell describedby auniquemastercurve.Thisremarkablepropertiy
of thedynamicsat intermediatetimes,is alsoobservedfor theintermediatescatteringfunction.
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Double-helixstructureof DNA providesa suitablemodelsystemfor studyingequilibriumpropertiesof
macromolecule.In contrastto the modelsof linear polymers,the secondarystructureaswell asmost
interactionparameters,suchasstiffnessof moleculesbackboneor solventqualitycanbeintroducedinto
themodel.We presentstudiesof double-strandedtwistedcircularpolymerchainby meanof computer
simulation.Theattentionwasfocusedon theeffect of polymerchaintwisting andanisotropy of rigidity
on the topologyof macromolecule.As applications,we consideredthe effect of chaintwisting on the
conformationof polymercoil, macromoleculesbehavior on thesurfaceandcoil to globule transition.[1,
2] Anisotropy of rigidity, £nitechainlengtheffect,andsolutionqualityareinvestigated.

Polymermoleculesprovide someof mostimportantexamplesof fractalsin thenature.Scalingideain-
troduceindex or fractaldimension,thatcanbeusedto describestructureof fractals.In caseof a twisted
chain,theformationof helicalstructuresandloopsaffectsa monomerunitsdistribution. Thenumberof
loopsincreaseswith increasein thenumberof doublehelical turns,andasa result,thepolymerchain
becomesmorecompact.Thesameallocationof monomerunits into helicalor loopsstructuresshows a
plausibleroutefor thechaincompaction,whichweobservedin thedependenceof theradiusof gyration
on thenumberof doublehelicalturns.Chainsizedecreasesslightly until numberof double-helicalturns
is smallenough.With fatherincreasein thechaintwisting,macromoleculeformssupercoiledstructures
underin¤uenceof torsionaltension,which alsogrowth up. Chainsizedecreasesandmeansquarera-
dius of gyrationdecaysexponentiallydependingon the numberof doublehelical turns.Bendingand
torsionalenergiesalsoshow exponentialbehavior. We proposethat the linking numberdensityaffects
thedistribution of monomerunitsin thespaceandchangesthescalingof thepolymerchain.[1].

Behavior of double-strandedtwistedpolymersin coil statestronglydependson thenumberof double-
helicalturns.Thataffectsnotonly thesizeorenergiesof macromolecule,but alsothechainconformation.
Wehave foundthattransitionfrom coil stateto theglobule is accompaniedwith changesin thepolymer
chaintopology. With increasein thenumberof double-helicalturns,polymerchainobtainssupercoiled
structureandthe numberof intersectionsof chainaxes(writhing number)grows with decreasein the
temperature.Lastonesuppresscontribution of theentropy of thechainandmakesconformationof the
moleculedependenton the interplaybetweenpartsof internalenergy (bendingandtorsionalenergies),
so becomesstronglydependenton the numberof double-helicalturns.We also found dependenceof
theta-temperatureon the linking number. With increasein the twisting of the chain,theta-temperature
becomeslower.
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Classicalnucleationtheoryexhibits de£cienciesin describingthecreationof bubblesin polymerfoams
[1] herebyinhibiting thedesignanddevelopmentof new foams.A bettermicroscopicunderstandingof
theunderlyingprocessesis thereforedesirable.

To examinetheproblemin moredetailwesimulateahexadecane-tvuO� mixturewith thehelpof acoarse-
grainedmodel: twuÛ� is describedby asingleLJ-sphereandhexadecaneby a chainof £veLJ monomers
with additionalFENE-interactions.Interactionparametersarederived from the critical pointsof pure
hexadecaneand twuO� usingamodi£edLorentz-Berthelotmixing rule.A grand-canonicalcon£gurational
biasalgorithmallows for an ef£cient relaxationof density¤uctuations,reptationand local MC steps
additionallyupdatethechainconformations.Dataanalysisis basedonhistogram-reweightingtechniques
which also enablea calculationof the interface tension.Up to now thesemethodswere succesfully
implementedto incompressiblepolymermixtures[2], [3] but wereonly recentlyappliedto compressible
polymer-solventmixtures[4].

Dueto theextensive computationaleffort necessaryonly smallpartsof binarymixturephase-diagrams
havebeensimulatedsofar[4]. Coarse-grainingallowsusto exploreasubstantiallylargerpartof parame-
terspace.Consequentlywewill beableto show anovel pressure-temperatureprojectionof thepolymer-
solvent phasediagramwith completecritical lines. In additionwe will presentpressure-composition
projections,binodalesof purehexadecaneand twuÛ� aswell asvery recentinvestigationsof the inter-
faces.
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While moleculardynamicstechniqueshavebeenwell establishedfor studyingmatterin thelastdecades,
the new branchof interactive moleculardynamicshasgrown up only during the last years[1]. Usu-
ally high endworkstationsor virtual reality systems[2] have beenusedfor visualizationof molecular
dynamicssimulations.RecentlydesktopPC’s have reacheda level of graphicalpower that allows ren-
deringvirtual universesin real time. This graphicalpower enablestheusageof desktopcomputersfor
interactive moleculardynamics.Our projectin interactive moleculardynamicsis motivatedby studying
theclusterformationof colloidal particles,particleswith a diameter$'&<!�+ "GÒ~"G$<��+ , in aqueousso-
lution. Undercertainconditionsof theenvironmentclusterof thesecolloidal particlesareformed.Their
structuremay be characterizedby a fractal dimensionand is directly visible whenstudyingcolloidal
systemsusingX-ray microscopy techniques.But theclustersareexposedto someconstraintsresulting
from theexperimentalsetup.We areinterestedin theeffectsof theseconstraintson thestructureof the
clusters.

An interactive moleculardynamicspackagebasedon Java hasbeensetup for studyingthe behavior
of colloidal clustersunderconstraints.The Java3D API provides a high level accessto the world of
virtual realityin Java[4] andallowsprogrammingportable,dynamicalvirtual realityapplicationswithout
relying on low level librarieslike Direct3Dor OpenGLandkeepingfocuson theactualproblems.The
softwarepackagecalledJIMD (= Java InteractiveMolecular Dynamics) [5] is a quick andeasyclient
softwarefor interactivemoleculardynamicsthatcanbeadaptedto existingmoleculardynamicssoftware
by aJava,C or C++ interface.It is not theaimof JIMD to beaninteractive moleculardynamicspackage
designedfor optimum performanceon high end workstations.Runningon a commondesktopPC it
easyto usein orderto upgradeexistingmoleculardynamicssoftwareto interactive moleculardynamics.
NeverthelessJIMD is ¤exible enoughfor futureextensionsthatmaybenecessaryin certainproblems.
Thecurrentimplementationallowstuningof parametersaswell asadirectuserinteractionwith thesingle
particlesof thesimulatedsystemin orderto modelconstraintsasintroducedabove.JIMD doesnotmerge
simulationand visualization,but allows a dynamicaladaptationand detachmentof the visualization.
Measurementsshow thattheperformanceof thesimulationsis only very slightly affectedby anadapted
visualizationapplication.Thevisualizationapplicationof JIMD is ableto visualizecontinuously�G�'&'&
particleson a moderndesktopPC. Futurehardware will be able to handlelarger systems.Sincethe
developmentof JIMD hasbeen£nishedrecently, only someperformancemeasurementresultshavebeen
presentedat thispoint.Resultsof theconstraintmeasurementswill beavailablein thenearfuture.

References

1. D. C. Rapaport,PhysicaA 240, 247-254(1997)
2. B. Bierwald in R. Esser, D. Mallmann(eds.), Beiträge zumWissenschaftlichenRechnen, p. 17-26,
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In this poster, we build uponour previous study[1] into thephasebehaviour of two-componentliquid
crystalmixturesperformedusingageneralisationof theLebwohl-Lasherlatticemodel[2]. Thesimplic-
ity of this modelhasallowedusto survey theeffectsof changingboththerelative concentrationandthe
couplingconstantratio of thetwo components.Having mappedout theglobalphasebehaviour, we now
considertheeffect thatintroducinganothercomponenthasonthecharacteristicsof thenematic-isotropic
(N-I) transitionaswell asthebehaviour associatedwith thevariousdemixingtransitionsshown by the
model.Our analysisincludesuseof the histogramtechniqueto investigatethe changingnatureof the
N-I transition,andcomparisonof the behaviour of short-andlong-rangedcorrelationfunction dataat
varioustransitions.

References

1. V. V. Yarmolenko andD. J.Cleaver, in preparation.
2. P. A. Lebwohl andG. Lasher, Phys.Rev. A, 6

¯
, 426(1972)

B73



Field-inducedstructur e transformation in ER solids:
Beyond the point-dipole approximation

K. W. Yu, C. K. Lo, JonesT. K. Wan and Y. L. Siu
Departmentof Physics,TheChineseUniversity of HongKong,

Shatin,New Territories,HongKong, China

phone:(852)26096349;fax: (852)26035204;kwyu@phy.cuhk.edu.hk

Whena strong£eld is appliedto a compositemedium,the inducedchangeof the mediumcanleadto
spectacularbehavior, both in electricaltransportandin optical response[1]. If a strongelectric£eld is
appliedto asuspensionof particles,theinduceddipolemomentsof theparticlescanorderthesuspended
particlesinto abody-centeredtetragonal(BCT) lattice[2], which is known asanelectrorheological(ER)
solid. Recently, Tao andcoworkers [3] proposedthat a structuretransformationfrom the BCT ground
stateto someother latticescanoccurwhenoneappliesa magnetic£eld perpendicularto the electric
£eld and the polarizedparticlespossessmagneticdipole moments.Shengandcoworkers [3] veri£ed
theproposalexperimentallyandobserveda structuretransformationfrom theBCT to theface-centered
cubic(FCC)lattices.Motivatedby thesestudies,weproposeanalternativestructuretransformationfrom
theBCT to theFCCstructure,with theapplicationof electric£eldsonly.

Tao et. al. [2] adoptedthe point-dipole(PD) approximationto predict the groundstateaswell as the
structuretransformation.However, it is known thePDapproximationerrsconsiderablywhentheparticles
getcloseandtouch.Wehaverecentlyshown thatadipole-induced-dipole (DID) model,whichtakesinto
accountthemutualpolarizationeffect betweentouchingparticles,candrasticallyimprove theaccuracy
towardsthefully multipolarcalculations[4]. It is thusinstructive to re-examinethecalculations.

SincetheDID contribution becomesimportantfor asmallreducedseparation2nZXÒ�='g'é T $'©ª$ between
theparticles[4], we cansimplify thecalculationsby consideringtouchingparticlesonly. Eachparticle
is in contactwith a £nite numberof neighboringparticlesand the numberof DID imagesdipolesis
thus£nite.We have computedtheelectrostaticenergy by incorporatingtheDID modelinto theEwald-
Kornfeld[5] formulation.Theresultsshow thatthedipolemomentof eachparticleincreasesby 25%in
theBCT groundstate,while thereis no changein theFCCandthe intermediateBCC lattices.ThePD
approximationthusyieldsqualitatively correctresults.

The structuretransformationcanbe realizedin experimentsby applyinga rotatingelectric£eld in the
planeperpendicularto theuniaxialelectric£eld.In this £eldcon£guration,boththetime averagevalue
of the induceddipolemomentandthatof therotatingelectric£eld itself vanishin theplane.However,
theinstantaneousdipolemomentwill induceanoverallattractive forcebetweentheparticlesin theplane
perpendicularto the uniaxial £eld. We shouldremarkthat the £eld con£gurationis all electrical;no
magnetic£eldand/ormagneticmaterialsneedto beused.
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Thethree-dimensional(3D) Ising modelwasextensively investigatedwith the large-scaleMonteCarlo
(MC) simulations[1], in which theaccurateestimatesof critical exponentswereobtained.Thecritical
behaviour of the3D Ashkin-Teller (AT) modelwasstudiedby Ditzianet.al.[2] usingtheMC andseries
expansionsmethods.However, thesystemsusedin MC methodby theseauthorsweremoderateandthe
serieswererathershortsothatthephasediagramstill deservessomemoreattentionin theregion of the
continuoustransitionsandthetricritical point [3, 4].

The AT modelcanbe expressedin termsof Ising spins,with two spins >yx and 2zx at eachlattice site,
andcanbeinterpretedastwo superimposedIsing models[2]. Oneof themis describedin spinvariables
>yx and the other in variables 2�x and in both modelsthereare exclusively two-spin interactionsof a
constantmagnitude

	 � betweenthenearestneighborsonly. Simultaneously, thesetwo differentmodels
arecoupledby four-spin interactionof a constantmagnitude

	 � , also only betweencouplesof spins
residingat the nearestneighboringlattice sites.Thus,theHamiltonianof this model is x � ¯ Z D Z{ x ] |J} ^�0 � Jh> x > | � 2 x 2 | M � 0 � > x 2 x > | 2 | c') where�GZ Jhè�~´�9M��� , è�~ is theBoltzmann’s constant,� the
temperature,z À )N� { denotessummationover nearestneighboringlatticesitesand 0wx´ZGx � 	 x , with À Z�g
or . .
In this paperwe performthesimulationsof MonteCarlo typethatbaseon the invarianceof theBinder
cumulant� , which is theratio of thesquareof thesecondmomentof theorderparameterto its fourth
moment,in thecritical point [1, 5]. Thephasetransitionpoint ��5 wasdeterminedfrom theanalysisof
thecumulant�¬� of cubicsamplesof thesize �/ik��iH� ( �#"%£'& ).
In our simulationswe usethe orderparameterAD24E for the phaseboundariesbetweentheBaxterphase
and the ferromagnetic>H2 phaseand the order parameterAL>H24E for the phaseboundariesbetweenthe
paramagneticphaseandthe ferromagnetic>�2 and the antiferromagneticphases[2]. Here the symbolAL©b©b©�E denotesthethermalaverage.Wehaveappliedtheaccurateestimatesof critical exponentsof the3D
Isingmodel[1] in the£nite-size-scalinganalysistocalculatethelocationsof continuousphasetransitions
pointson the J�0V�A)�0Æ�AM phasediagramof the3D AT model.

Simulationshave beenperformedon SGI Power ChallengeXL nad L supercomputersusing the 64-
bit randomnumbergeneratorand thermalizationof the initial con£gurations.Gibbs distribution was
sampledusingthe Metropolisalgorithm.Onepoint on the phasediagramwascalculatedusing $'&L� to
$'& � MCS.Owing to applicationof £nite-size-scalinganalysiswe not only allocatedpointson thephase
diagramwith precisionof at least3 decimaldigits, but alsowe con£rmedthe continuouscharacterof
phasetransitions.
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Thepurposeof this work is to answerto theopen,commonlyasked question:is thereany signatureof
theBose-Einsteincondensation(BEC)on excitedenergy levels[1]? Thisquestionis importantfrom the
theoreticalandexperimentalpointsof view sincea positive answerwould be, for example,an impor-
tant steptowardsthestudyof BEC via excited levels which aremucheasierto observe in experiments
than the groundlevel. To answerthe above questionwe considerednoninteractingbosonswithin the
canonicalensemblewhich mapsthe £nal experimentalconditionsmore accuratelythan the standard
grandcanonicalone.As a typical examplewe consideredthe bosonsplacedin £'Ò isotropicharmonic
oscillator(IHO) which is equivalentto thebosoniclatticegas[2] with propertransitionratesandbound-
aryconditions[3]. In thiswork westudynumerically, by MonteCarlo(MC) simulations,anddirectlyby
usingcanonicalpartitionfunctions(CPF),groundandexcitedlevelsoccupanciesandtheir ¤uctuations.
In our earlierpaper[3] we developedthe MC algorithmwhich wasable to mimic quantumindistin-
guishability. We proved that this algorithmwasableto correctlyreproducethe å -transition.Moreover,
weveri£edthis resultby applyingtherecurrentalgorithm[4] to calculateCPFandhencethedesiredsta-
tistical andthermodynamicalquantities(suchasmeangroundstateoccupancy andspeci£cheat).This
work is a continuationof our previous studies[3]. We calculatedby the above independentnumerical
methodsboththeequilibriumoccupanciesof £rst few excitedlevelsaswell asthedispersions(¤uctua-
tions)of particleoccupanciesof theselevels.Wefoundthatthemeanoccupancy of the£rstexcitedlevel
vs. temperaturehasthe samebehaviour asdispersionof particleson the groundlevel andthe second
excited level; all thesequantitieshave a characteristicå -shapeversustemperature.An analogoussitu-
ation occursfor otherexcited levels. In this sensewe canspeakof statisticalsynchronizationin BEC.
Interpretationof thiseffect is straightforwardsince,whenthenumberof bosonsis £xed,theequilibrium
occupancy of any level is determinedby theexchangeof bosonsmainlywith nearestlevels,i.e.,thanksto
¤uctuationsof bosonson theselevels.We have to dealin BEC within IHO mainly with one-component
condensateandnotwith two-component”supercooled”andnormalones.
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Quantumdynamicsof opensystemsis of particularimportancein £eldsof atomicandmolecularspec-
troscopy wherefor modesttime-scalesmostly Markovian masterequationshave beenused.For mod-
ern time-resolved experimentson very short time-scalesmore generaldynamicalequationsof non-
Markovian or, else,Nakajima-Zwanzigtypeareneededfor which theoreticaltreatmentshave remained
on a rathersemiphenologicallevel andaremuchlesssatisfactorythanin theMarkovian case[1, 2]. It
is thereforeurgentto try to improve themethods,mainly regardingquantum-theoreticandmathemati-
cal consistency. The main problemsarisefrom perturbationaltreatmentsof integral kernelsin integro-
differentialequationswhicharemostlikely to violatefundamentalquantum-mechanicalrequirementson
densityoperatorssuchasthevonNeumannconditions,particularlytheindispensablepositivity. Further-
more,theproblemof entangledinitial stateswhichis of greatimportancein quantuminformation[3] has
beendisregardedin thepast.Weavoid thosedif£cultiesby incorporatingall requirementsfrom thevery
outsetasstrict boundaryconditions.In additionto a rigorousderivation of boundson kernelswe have
tried to generalizetime-independentpositivity inequalitiesknown from quantumdynamicalsemigroups
to appropriatetime-dependentversions.Sofar, opentwo-level systemshave beentreatedsincethey are
of primary importancein laserphysics.In a coherence-vector representationof densityoperatorsthere
appearthreecoupledintegro-differentialequationsof convolution Volterratypefor real-valuedfunctions
for which the appliednumericaltreatmentsareeitherby Adams-Moultonor backward differentiation
methods[4]. In this way, it is possibleto work out setsof admissibleparametrizedkernel functions
[5]. Furtheranalyticandnumericalresultsarein progress.They will help to assesssuitability of mem-
ory functionswhich have beenobtainedby ratherphenomenologicalphysicalreasoningasis frequently
attemptedin theliterature.
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Numericalfunctional(path)integrationis oneof themost importantmethodsfor calculatingthe char-
acteristicsof complex systemsin quantumandstatisticalphysics.It is very usefulwhenothermethods
suchasperturbationexpansion,semiclassicalapproximation,etc.cannotbe applied.However, the ex-
isting approachesto pathintegrals in physicsarenot alwaysquitecorrectin a mathematicalsenseand
theusualMonteCarlomethodof theircomputationgivestheresultsonly asprobabilisticaverageswhile
requiringtoomuchcomputerresourcesto obtainthegoodstatistics.

Using the rigorousde£nitionof an integral with respectto probability measurein completeseparable
metricspacewe elaboratedthenew methodof computationof pathintegrals[1]. This methodis based
on our new approximationswhich satisfythe conditionof beingexact on a classof polynomial func-
tionalsof arbitrarygiven degree.They canbe consideredasquadraturesin metric spaces.Themethod
doesnot requirepreliminarydiscretisationof spaceandtime, it allows to usethemorepreferabledeter-
ministic algorithmsin computationsandprovesto bemoreeffective thantheotherexisting nonpertur-
bative numericalmethodsespeciallyin thecaseof high dimensions[2]. Theoremson theconvergence
of approximationsto theexactvalueof the integral aswell ason estimateof theremainderareproven.
According to thesetheoremsonecanobtainnumericalresultswith the guaranteed(not probabilistic)
accuracy control.Practicalcomputationsshow that thegoodaccuracy (about1 percent)canbereached
using the low-dimensional(3-5) Riemannintegrals in our approximations.We calculatethem by the
Tchebyshev quadraturesor by theKorobov method.

We usedour methodin thesolutionof someproblemsof quantumandstatisticalmechanicsandquan-
tum£eldtheory, includingthestudyof tunnelingphenomenaandthemany-particleproblemsin nuclear
physics[3]. Themethodappearedto beconvenientfor studyingthenonperturbative topologicalstructure
of vacuumin gaugetheories,namelyfor computationof thetopologicalcharge,topologicalsusceptibil-
ity, l -vacuaenergy [4]. Now we areapplyingit to thestudyof theopenquantumsystems,i.e. systems
interactingwith their environment.Suchan approachprovidesa naturalframework for descriptionof
nonequilibriumirreversibleprocessesaccompaniedby adissipationof energy, which£ndsausein vari-
ousareasof quantumphysicsandchemistry.

Descriptionof the method,its applicationsand comparisonof the numericalresultswith theoretical
estimatesandexperimentaldataaswell aswith thevaluesobtainedby theotherauthorsarepresented.
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For the£rst time on thebasisof thedecisionof a directandinversespectralproblemandsemiempiri-
cal relationslinking thegeometricalandtheforcecharacteristicsof compoundsis offereda coordinated
valence- force £eld moleculesand radicalscontainingsulphur. At the decisionof a inversespectral
problemthefollowing physicalconditionwasimposed:forceconstantsof thealkyl groupsshouldcor-
respondto constantsof alkanes.The determinedforce £eld with satisfactory accuracy reproducethe
vibrationspectrumsof thespeci£edsubstances.Thecalculationsandassignmentsof vibrationfrequen-
cies40 moleculesand12 radicalscontainingdivalentsulphurareproduced.In an temperatureinterval
298 1500thethermodynamicproperties(enthalpy, entropy andheatcapacity)indicatedcompoundsare
designedby methodsof a statisticalphysics.Thequantitative correlations”structure- property” for the
listedabovecharacteristicsandsubstancesareexploredwithin theframework of additive - groupmodel.
The appropriateparameterisationis produced.The comparisonof resultsof calculationsto thedataof
experimentsis carriedout andgoodconsentis marked. Is shown, that theobtaineddataareapplicable
for an estimationof the thermodynamiccharacteristicsalkanepolythiols.The prognosisof thermody-
namicpropertiesfor a seriesof moleculesalkanethiols,alkanedithiols,alkanepolythiols,alkanesul£des
andsulphurradicalsnotdescribedby theearlierrelevantdatais made.
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Wehavestudied[1, 2,3, 4, 5, 6] thecritical behavior of classicalsystemswith an � -vectororderparam-
eterfor � Z¤$')bg')b£ . Theseuniversalityclassesdescribemany importantphysicalsystems:for instance,
thecase� Z%$ correspondsto theliquid-vaportransition,theliquid-liquid transitionin multicomponent
¤uids,andthemagnetictransitionin uniaxialmaterials;thecase� Z%g describesthe å -transitionin � He
andthemagnetictransitionin easy-planemagnets;Heisenberg ferromagnetsaresystemswith � Z £ .
Traditionally, numericalstudiesusedthe � -vectorHamiltonian

D ZXx � _baH� 2 _¶®L2�a
where2�_ isan � -dimensionalunit vector. However, it ismuchmoreadvantageoustoworkwith improved
Hamiltonians.SuchHamiltoniansareobtainedby tuninga parameterandaresuchthat theleadingcor-
rectionsto scalingvanish.In orderto obtainhigh-precisionestimateswe employ thefollowing strategy:
(a)weconsideraHamiltonianthatdependsonanirrelevantparameter;(b) by meansof £nite-sizescaling
MonteCarlo simulationswe determinethevalue å � of theparameterthat correspondsto an improved
Hamiltonian,and �25bJhå��|M ; (c) we considerhigh-temperatureexpansionsfor the improved Hamiltonian
anddeterminethecritical parametersby biasingtheanalyseswith theMonteCarloestimateof �N5bJhå � M .
By using20-thorderserieson thesquarelatticeweobtainfor thecritical exponentss and � :

� ZX$@� sHZ%$'©ªg'£'Í'$'JL.ÔM �ÎZX&'©ª:'£'&'&'g'Jhg'£'M Ref. [1]
� ZXg@� sHZ%$'©ª£'$'Í'Í'Jh�'M �ÎZX&'©ª:'Í'$'�'�'Jhg'Í'M Ref. [5]
� ZX£@� sHZ%$'©ª£��':'&'J��'M �ÎZX&'©ªÍ'$'$'g'Jh�'M Ref. [6]

Besidethe critical exponents,we alsocomputethe four-point zero-renormalizedcouplingandthe£rst
coef£cientsof theexpansionof the free energy in powersof themagnetization.By usingtheseresults
andappropriateparametricrepresentationswedeterminetheequationof statein thewhole JLâb) D M plane.
Thisallowsusto obtainanaccuratedeterminationof severalamplituderatios.Wealsostudythebehavior
of thestaticstructurefactorfor smallmomenta.
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The microcanonicalanalysisof discontinuousphasetransitionshasbeenvery successfulin several re-
spects.It allows a clearcutdistinction betweencontinuousanddiscontinuousphasetransitionsand it
yields excellentestimatesof the transitiontemperatureandof the latentheat.Comparedto that, only
moderateprogresshasbeenachievedfor continuousphasetransitions.On theonehandtypical features
of symmetrybreakingasdiverging susceptibilitiesor theabruptinsetof theorderparameterturn up in
themicrocanonicalanalysisalreadyfor fairly smallsystemsizes[1]. This is in contrastto thecanonical
ensemblewheresingularitiesappearexclusively in thethermodynamiclimit. Ontheotherhand,however,
computationof critical exponentsyieldedmean£eldvaluesfor all £nitesystemsizes[1].

Theaim of this contribution is twofold. First, we presenta highly ef£cientalgorithm,basedon theFlat
Histogrammethod[2], for thecomputationof theentropy � � JhÙ9)b�GM of £nitesizesystems.Here Ù is the
energy and � is themagnetizationof our£nitesystem.Usingtransitionvariables,this methodallows a
speedyandprecisedeterminationof thedensityof statesfor remarkablylarge systemsizes[3]. In this
contribution, this algorithm is usedfor the microcanonicalanalysisof the two and threedimensional
Ising modelswith up to � Z%��®'$'& Ë spins.

Secondly, we show how to obtainthe in£nite lattice critical exponentsby expandingthe £nite system
entropy at the critical point of the in£nitesystem[3]. As an example,we discussthecritical exponent
of theorderparameter(microcanonicallyde£nedasthemaximumof � � JhÙ9)b�GM with respectto � for
Ù £xed)for theIsing modelin two andthreedimensions.Thevaluesobtainedfor thecritical exponents
are in excellent agreementwith the expectednon classicalcritical exponents.Finite-sizeeffects and
corrections-to-scaling arealsodiscussedfrom themicrocanonicalpoint of view.

The algorithmpresentedin this contribution rapidly builds up goodestimatesfor the densityof states.
Whenthis point is reachedall macrostatesarevisited with the samefrequency andthe quality of the
densityof statesis improved with the samerate over the whole parameterrangeconsidered.These
characteristicsmake it asuitabletool for theanalysisof complex systemsin thefuture.
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Since1963whenV.K. Melnikov developedananalyticaltool for testingthetransitionof classicalweakly
perturbedplanardynamicalsystemsto homoclinicdueto A. Poincarechaoticmotionvia theBirkhoff-
Smalescenario,a lot of new resultsandgeneralizationswereobtainedby many researchersworldwide.
Especiallythereweredevisednew techniquesforstudyingthechaoticmotionboth in multidimensional
andadiabatically(slowly) perturbedHamiltoniansystems.On theotherhandagreatdealof resultsboth
theoreticalandcomputationalwereproducedby mathematicalphysicistsconcerningthe relatedprob-
lemof describingsocalledquantumchaosin £nitedimensionalquantumdynamicalsystems,especially
weakly perturbed. Our studyheredealswith developingsomephysicallyreasonablequantumanalog
of the above mentionedMelnikov theoryandits applicationto studyingtransitionto quantumchaotic
motionin weaklyperturbedquantumcompletelyintegrableHamiltoniansystems.Since1963whenV.K.
Melnikov [1] developedananalyticaltool for testingthetransitionof classicalweaklyperturbedplanar
dynamicalsystemsto homoclinicdueto A. Poincarechaoticmotionvia theBirkhoff-Smalescenario,a
lot of new resultsandgeneralizationswereobtainedby many researchersworldwide.Especiallythere
weredevisednew techniques[2,3] for studyingthechaoticmotionbothin multidimensionalandadiabat-
ically (slowly) perturbedHamiltoniansystems.On theotherhanda greatdealof resultsboththeoretical
andcomputationalwereproducedby mathematicalphysicistsconcerningtherelatedproblemof describ-
ing so calledquantumchaosin £nite dimensionalquantumdynamicalsystems[4], especiallyweakly
perturbed[3]. Our studyheredealswith developingsomephysicallyreasonablequantumanalogof the
above mentionedMelnikov theoryandits applicationto studyingtransitionto quantumchaoticmotion
in weaklyperturbedquantumcompletelyintegrable[4]Hamiltoniansystems.
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Nucleationof ”bubbles”of thestablephaseis avery commonphenomenonwhich initiatesrelaxationof
metastablestatesnearthe£rstorderphasetransitionin many systemsof thecondensematterphysics.The
mainquantityof interestfor thetheoryandapplicationsis thenucleationrate,whichcharacterizestherate
of spontaneousgenerationof theso-calledcritical bubblein themetastablesurrounding.Thenucleation
ratein theIsing modelhasbeenextensively studiedin literatureby useof differentnumericalschemes
suchascomputersimulationsunderappropriatedynamics,andconstrainedtransfer-matrix method(see
e.g.[1, 2]). Resultsobtainedthis way areusuallyinterpretedin termsof theclassicalnucleationtheory,
or in termsof its £eld-theoreticalversionproposedby Langer[3]. However, suchinterpretationhas
beenseverely hamperedby the fact, that the Langer’s theoryof nucleationwasdevelopednot for the
Ising, but for theGinzburg-Landaumodel,which (unlike the Ising model) is continuousandisotropic.
So, to provide correctinterpretationof existing and future numericalresults,oneneedsto extend the
Langer’s nucleationtheory to the Ising model.Suchan extensionis the main subjectof the present
report.Wedeveloptheanalytictransfer-matrix theoryof nucleationin thetwo-dimensionalIsing model
and compareit with the resultsobtainedby Günther, Rikvold and Novotny by useof the numerical
constrainedtransfer-matrix method[2].

It is well-known, that the free energy �ÆJ D M of the two-dimensionalIsing model in the ferromagnetic
phase� T ��5 hassingularity at the origin D Z & . The phenomenologicaldroplet theory claims that
nearthe cut drawn from the singularitypoint alongthe negative real axis D T & , the free energy gains
the imaginarypart, which Langerproposedto identify (with somedynamicalfactor) with the nucle-
ation rateof the metastablestatecharacterizedby positive magnetizationin a small negative magnetic
£eld.Thephenomenologicalnucleationtheorypredictsthe following structurefor this imaginarypart:� ; �¿z����z��J�� À É*M + D + {§Z��@� + D + ���z��Jhx $ + D + M for small

+ D +
. Previously [4] we veri£edthis

predictionfor the squarelattice Ising model in the extremeanisotropiclimit. Now we generalizethe
transfermatrix approachdevelopedin [4] andverify analyticallythe phenomenologicaldroplettheory
predictionsfor thesquarelatticeIsingmodelfor all temperatures& T � T ��5 andarbitraryanisotropy ratio	
� =
	 � . We obtainan expressionfor the constant

$
which coincidesexactly with the predictionof the

droplettheory. For theamplitude� we obtain �ÌZGÉ*�P='$'Ñ , where � is theequilibriumspontaneous
magnetization.Furthermore,we£ndthediscrete-latticecorrectionsto theabovementionedphenomeno-
logical formula, which oscillatein D ��� with the period �O�P= A��¬JhlAM�E , where � Z-$'='è ~ � and AC�¬JhlAM�E
is the oneparticlespectrumof thezero-£eldIsing model,averagedover the quasi-momentuml . Such
oscillationswereobservedby Güntheret al. [2] in numericalconstrainedtransfermatrix calculationsof
the imaginarypart of the (constrained)free energy. The periodof oscillationswhich we obtainagrees
well with that reportedby Güntheret al. It is shown, that thesediscrete-latticeoscillationsshouldbe
taken into accountwheninterpretingnumericalcalculationsof thenucleationratein theIsing modelat
low temperatures.
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N, N-Dimethylformamide(DMF) is asimpleamidecompoundwith interestingproperties.Notealsothat
theDMF-watermixture is of particularimportancedueto its extensive useasa mixedsolvent.Despite
the researcheffort on this mixture, one may assertthat a deepunderstandingof the behavior of the
physicochemicalpropertiesof thismolecularsystemhasnot yet beenachieved.

As far as we know, moleculardynamics(MD) simulationstudiesfor DMF-water mixtureshave not
beencarriedoutsofar. In thiswork,wepresentfor the£rsttimeaMD simulationstudyof themixtureat
ambientconditions(298K,1bar).Thus,themixturewasstudiedoverawiderangeof DMF molefractions
(X
PS���

= 0.07,0.30,0.49,0.70)by usingthreeavailablepotentialmodelsfor water(SPC,SPC/E,TIP4P)
andthesix siteinteractionpotentialCS2[1] for liquid DMF.

Thestatisticalmechanicalensembleemployedto studythismixturewasthemicrocanonical(NVE) one.
Thenumberof moleculesusedwas256.Theresultsobtainedmaybesummarizedasfollows:

A. The reliability of theDMF-watermodelswastestedagainstavailableexperimentaldata.Specif-
ically, the SPC/CS2mixture modelsare found to predictpotentialenergy andpressurein quite
satisfactoryagreementwith experiment.Also, thecalculateddiffusioncoef£cientsof thespecies
in themixturearefoundto follow theexpectedbehavior in thewholerangeof DMF molefractions.

B. Thelocal intermolecularstructureof themixturehasbeenstudiedin termsof thecalculatedcenter
of mass(COM) andthesite-sitepaircorrelationfunctions(PCFs).Thebehavior of thesefunctions
at smallcorrelationdistances,indicateclearlytheexistenceof hydrogenbondsbetweentheDMF
andthewatermolecules.In thepresentstudy, we have applieda capablecriterion to investigate
thehydrogenbondingnetwork in thesystem,notonly betweenthewater-watermoleculesbut also
betweenthewaterandDMF molecules.Thus,it waspossibleto estimatethenumberof hydrogen
bondspermoleculein thesystem.

C. It is found that a hydrogenbondamongDMF andwater, takesplacebetweenthe oxygenatom
of DMF and the hydrogenatom of water. Moreover, the meanintermolecularstructureamong
theaggregatemolecules(DMF-water)hasbeenfound to be in quite satisfactoryagreementwith
resultsobtainedfrom ab-initio calculations[2, 3].
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Supercritical¤uids (SCFs)have a broadrangeof applicationsin chemicalsyntheses,separationpro-
cesses,andalsoin soil, waterandwastetreatment[1]. A SCFcannotbe describedneitherasa liquid,
nor asa gasandits propertiesdiffer from theonesobserved in the liquid andgasstates.Thesolvating
propertiesof SCFs,may be widely variedfrom gaslike to liquidlike valuesby applyingsmall changes
in temperatureandpressureof the ¤uid. The greatestvariationof solvent density, B , is attainedin the
proximity of thesolvent’s critical point. So, in thatcase,smallchangesin pressureyield large changes
in density. This region aroundthecritical point is calledthe”compressibleregime”. Large ¤uctuations
in local solventdensitymayoccur, leadingto regionsof high andlow densities,which resultsto inho-
mogeneities.Solvent andsoluteclusteringdisappearsaswe move away from thecompressibleregime
(i.e. for �p=<��5�ë%$'©ª$'& ). Theobservedinhomogeneitiesaffectstronglythesolvent’s andsolute’s solvation
dynamicsandreaction.This maybeeasilystudiedthroughvibrationallifetimesasa functionof solvent
density. Closeto thecritical temperature,thevibrationalrelaxationlifetime of thesolute,� � , seemsto
bedensityindependentandsimilar to thatof glasses,suf£cientlydifferentcomparedto the � � of liquids
andgases.Experimentaltechniques(i.e.vibrationalspectroscopy)[2], aswell astwo dimensionalmolec-
ular dynamics(MD) simulationstudieshave beenemployedsofar to explore theunderlinedmolecular
mechanismswhich areresponsiblefor theoverall behavior of suchsystems[3]. In addition,theoretical
studiesbasedon the¤uctuationtheory, have beendevotedto studytheproblem[4].

In thepresentwork, a three-dimensional(3D) SCdilutedmixtureof reasonablesizehasbeensimulated
to studytheproblemmentionedabove.By usingtheMD simulationtechnique,wewereableto calculate
thevibrationalrelaxationlifetime of adiatomicsolute( ��� ) in a three-dimensionalSCnoble¤uid (� E ),
asa functionof density. Our results(� � Z���JLB�M ) exhibit thesameunexpectedplateaubehaviour asit has
beenexperimentallyobservedfor otherrealdilutedsystems[5]. Theresultsobtainedprovide uswith the
opportunityof furtherexplorationof themolecularmechanismswhich areresponsiblefor thebehavior
of suchSCsystems.It seemsthatthisbehavior for aSCFin its compressibleregimeis universalfor such
¤uidsandthis remainsto beexperimentallyveri£ed.
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Weproposeto formulate2d£eldtheoryon theultrametricspace(UM) with thefreecorrelatorsidentical
to 2d correlatorsand the samepotential.We constructUM spaceasa hierarchictreewith branching
numbercloseto 1. Herewe have integrationmeasure,diagonalizedfree£eldactionandcanmimicate
perturbativesectionof acorrespondingmodelin areal2dspace.Thepoint is, thatthereis awayto inves-
tigatenonperturbatively bulk structureof theoryputtingthesamemodelon thetreewith largebranching
number.The consideredultrametricmodelsmay be naturally expressedvia and DirectedPolymeron
Cayley treeandRandomEnergy Model. We believe, thatat critical point statisticalmechanicalsystem
missesmemoryaboutsecondarydetailsandmodelin UM spacecarrieson somefeaturesof theoriginal
model in 2d space.For the caseof 2d conformalmodelsit is possibleto derive exact results.Thereis
a big areaof numericalwork to checkthis approach,which could be generalizedin principle to high
dimensionsalso.
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The spontaneousbreakingof global symmetriesandtheir restorationat high temperaturearecommon
featuresof quantum£eldtheoriesandstatisticalmodels.It is well known thatuniversalpropertiesat£nite
temperaturephasetransitionsin (3+1)-dimensionalgaugetheoriesarerelatedto thosein 3-dimensional
spinmodels.In this paperwe discusstheuniversalpropertiesat thesecondorderendpointof a line of
£rstorderphasetransitions.In QCDsuchcritical pointsexist in aregionof largequarkmassesaswell as
for light quarks[1]. The3-dimensional3-statePottsmodelhassucha critical point at a certainstrength
of theexternal£eld.

In orderto determinethesecritical pointsandtheiruniversalityclassweusedamethodoriginalproposed
to study the liquid-gastransitionpoint[2]. Within this approachone considersthe relevant ordering-
£eld and energy-like operatorsas a linear combinationof the energy and magnetizationpartsof the
Hamiltonian.To £x thecoef£cientsfor theenergy-like operatorit is assumedthat the temperature-like
directionis givenby the£rstorderphasetransitionline. For theordering£eldcoef£cientonedemands
uncorrelatedenergy-like andordering-£eldlike directions.In a £eld theory the situationis in general
morecomplex. Weextendtheansatzfor bothparametersappropriatelyin thiscase.

Oncewe have found themappingbetweentheseoperators,we usethe intersectionpointsof the fourth
ordercumulantof the ordering£eld to obtaina preciselocationof the critical point. The universality
classis thenidenti£edby thecharacteristic£ngerprintof thejoint histogramsof thesenew £elds.

Using this methodswe show that thedecon£ningcritical point (large + � ) aswell asthechiral critical
point (small + � ) in 3-¤avourQCDbelongto theuniversalityclassof the3-dimensionalIsingmodel.We
furthermoreusethesetechniquesto analyzethecritical point in a 3-d,3-statePottsmodelin anexternal
£eldand£ndthesameresult[3].

For thenumericalinvestigationof thePottsmodelwe useda Wolff clusteralgorithmwith a ghostspin
to implementtheexternal£eld.For the£nitesizescalinganalysiswe usedvariouslatticesizesranging
from .Ô& � up to Í'& � . For the simulationswith the SU(3) gaugetheorywe usedlatticesof size �n�HiF.
with �n�@Z%Ñ')b©ª©ª)bg<. . Simulationswith staggeredfermionshavebeenperformedwith theHybrid R Monte
Carloalgorithm.All thedataareanalyzedwith theFerrenberg-Swendsenmethod[4].
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Low-temperatureplasmasarewidely usedin plasma-chemicaltechnologiesandthetheoreticaldescrip-
tion and the understandingof mechanisms,which take part during plasmaprocessingof materials,is
very important.During their transportto substrates,active particlesfrom plasmaarecrossingthe tran-
sientregionof disturbedplasma,so-calledsheathandpresheath.Theplasmapropertiesarechangeddue
to the proximity of substrate;local electric£eldsin the sheathchangeboth the velocity distributions
andconcentrationsof individual speciesin plasma.The magnitudeof this £eld determinesthe ¤ux of
chargedparticlesandthusthe kineticsof chemicalreactionson the substrates.The secondmotivation
for thestudyof plasma-solidinteractionis theprobediagnostics.Theinterpretationof Langmuirprobe
characteristicsis complicatedastheprobesperturbtheir local surroundings.Theoreticalanalysisbrings
successfulresultsfor limited set of probegeometriesonly and for low pressures,when scatteringof
chargedparticlesduringtheir transportthroughthesheathregion canbeeithercompletelyneglectedor
at leastis non-important[1].

Thecomputersimulationtechniqueseemsto be very promisingtool to studythecaseswheretheana-
lytical methodscannotbe used- substratesof complicatedforms,higherpressures,plasmaconsisting
of moretypesof particlesincluding negative ions, chemicallyactive plasma,etc.Thereare two basic
techniquesof thesheathsimulation- ¤uid modellingandparticlesimulationtechniques.Fluid models
aremuchmoreeffective, however their accuracy is typically very limited dueto simpli£edassumptions
aboutprocessesin thesheathregionandon thesurfaceof solidsimmersedinto plasma.Onthecontrary,
self-consistentparticlemodelscanbringvery preciseresultsbut theperformanceof standardalgorithms
is ratherlow.

In our contribution, we tried to comparethe two approaches- particlesimulationtechniqueand¤uid
simulationtechnique,andcombinetheir goodfeaturesinto onehybrid model.The main attentionwas
devotedto the variousaspectsof the simulation- how to increasethe performanceof particlesimula-
tion models,how to handlevarioussubstrateor probegeometries,how to incorporaterealisticphysical
assumptionsinto ¤uid models,etc.Thebasictechniquesof bothparticleand¤uid simulationmethods
werethestandardones:

- Particlesimulationmodelsarebasedonthecombinationof deterministicandstochasticapproach- tra-
jectoriesof chargedparticlesbetweenscatteringeventswerecalculatedfrom theNewton’s equationsof
motionandinteractionsweretreatedby theMonteCarlotechnique.Forcesactingon individualparticles
werecalculatedeitherby standardPIC method[2] or the in¤uenceof all otherparticleswasdirectly
summedby severalmodernalgorithms[3].

- Fluid modelis basedonthetransportequation.Electrostatic£eldis obtainedfrom thePoissonequation.
Furthermodi£cationwasdonewhich re¤ectstheeffectsof givenelectronenergy distribution function.
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We presenta numericalstudyof theexactgroundstatesof the3d GaussianRandomField Ising model
(G-RFIM) with anappliedexternal£eld � . We combineanstandardmax-¤ow min-cutalgorithmwith
an optimal procedurefor determiningall the groundstateswhen � is sweptfrom xÆ� to � [1]. The
behaviour of differentgroundstatepropertiesis studiedasa function of the degreeof disorderin the
system 2 (standarddeviation of the gaussianrandom£elds).A large numberof different realizations
of the random£eldsrangingfrom $'& � to $'& � have beenanalyzedfor systemswith sizesup to � Z
� � Z;$'$'&'���'g . Theevolution of themagnetization+ when � is sweptconsistsin a sequenceof jumps
or ‘avalanches’with a certainsize ?p+ . Thestatisticaldistribution of avalanchesizesK2Jh?p+#M becomes
a power law KNJh?p+#M�· ?p+�� for a certaindegreeof disorder2 5 Jh�ÛM . Theextrapolationof theresultsto
���æ� renders2�5j8Gg'©ª£'���q&'©ª$'� and/F8X$'©ªÑ��&'©ª$ . Wecomparetheresultswith thermalequilibrium
(� �Ì& ) studiesat ��Z & [2] andwith numericalsimulationsat � Z & of the 3d G-RFIM externally
drivenundermetastableconditions[3].
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Kaliningrad StateUniversity, Kaliningrad,Russia 
leble@mif.pg.gda.pl

Westudytheinitial valueproblemfor acoupledKdV (cKdV) systemthatis obtainedby projectingtech-
niquefrom Eulerequationswith a strati£edbackgroundstatethat is valid for internalwaterwaves.We
simulateaninitial stageof theMcEwanexperiment[1] for atankof dimensions50in ¥ by 25 W + in (ver-
tical) Ã directionsandsaltedwaterof theconstantbuoyancy frequency 1.23 > ��� . Thesolutionof theprob-

lemwesearchin thewaveguidemoderepresentation[2] for thecurrentfunction µêZ
�
  � �

 JhÃ�Mhl  JL¥R),â|M .
Basiceigenfunctions�  JhÃAM describea shapeof the internalwavesmodesandsatisfySturm-Liouville
problemwith zeroboundaryconditionsfor thevariable Ã . Functionsl  JL¥R),â|M aresolutionsof thecKdV

systeml  < �PW  l  _ �
�
( ] �
Á ( �  l ( l��_ �

�
( Ò  ( l

(_b_b_ Z;& , W  arethemodeslinearvelocitiesandtheco-

ef£cientsof nonlinearityÁ ( �  , anddispersionÒu ( areintroducedin [2]. The tablebelow presentsthe
three-mode model coef£cients Ò �h� Z.V®A$'&A�vËA);Ò �h� Z%��®A$'&'� ß ) Ò ßhß ZXg�®'$'&A� ß ) W � ZX�j®A$'&A� � )W �ÆZ%g'©ª��®�$'& � � ) W ßÆZ%$'©ª:�®'$'& � � .���Q� � ���Q��� ���Q�N 

m¡ k 2 4 6 m¡ k 2 4 6 m¡ k 2 4 6
2 0 72.3 0 2 28.9 0 57.8 2 0 33.7 0
4 28.9 0 202.4 4 0 0 0 4 48.2 0 0
6 0 130 0 6 0 0 0 6 0 0 0

ThecKdV systemis solvedby thenumericalscheme[3] whichstabilityandconvergency areestablished.
Theresultscombinedwith thesolutionof theSturm-Liouvilleproblemgive thefunction µ andinternal
wavepro£les.Dueto symmetrythecontourplotsaremadefor theupperhalf of thetank.
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Thethree-modecontribution adoptsabout80 % of theinitial energy. A lineardispersion(Fig.1) is com-
paredwith nonlinearoneandshow atypicalmultisoliton-like contribution (Fig.2)with morethan5 soli-
tonsalreadyappearedat thevery early time 0.02sec.Hencewe expecteffective internalwavesmixing
ata longertimewith a£nehorizontalstructure(andtheverticaloneif highermodesareaccounted)that
presumablyshouldresembleresultsof [1].
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Many nonlinearsystemshave periodic oscillationsas an essenceof its dynamics.Stochastic¤uctua-
tions of periodicprocessesplay an importantrole for understandingof the correspondingphenomena
for lasers,radiofrequency generators,chemicalandbiologicalsystems.Thevarioustransitions(”bifurca-
tions”) throughperiodicto morecomplicatedregimesareacentralproblemin modernnonlineardynamic
theory. Therearemany papersdevotedto aqualitative analysisof theforcedoscillations.

We suggesta new computationaltechniques[1] for investigationof the local stochasticdynamicsnear
limit cycles.Thistechniquesisbasedonnonequilibriumquasipotential[2]. An approximationof quasipo-
tential is expressedby somescalarfunction.This function(sensitivity function) is introducedasa base
tool of aquantitative descriptionfor asystemresponseon theexternaldisturbances.

The new cycle numericalcharacteristics(sensitivity factor, parameterof stiffness)aresuggested.The
possibilitiesof sensitivity functionto predictsomepeculiaritiesof dynamicsfor stochasticallyandperi-
odically forcedoscillatorsareshown.

Fromthisanalysisthecritical valueof Brusselatorparameteris found.Thedynamicof forcedBrusselator
for this critical valueis investigated.For smallstochasticdisturbances,theburstof responseamplitude
is shown. For smallperiodicdisturbances,theperioddoublingregimeof thetransitionto chaosscenario
is demonstrated.

Thus,thefunctionof sensitivity is theeffective computationaltool for apredictionof singularresponses
of anon-linearsystembothto stochasticandto periodicdisturbances.

This work is supportedby RFBRgrant(N00-01-00076).
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We considertheapplicationsof a new numerical-analyticaltechniquewhich is basedon themethodsof
localnonlinearharmonicanalysisor waveletanalysisto thewavemotion/turbulenceproblemsdescribed
by somenonlineardifferentialequations.Suchapproachmaybeusefulin all modelsin which it is pos-
sible andreasonableto reduceall complicatedproblemsrelatedwith statistical/stochastic distributions
to theproblemsdescribedby systemsof nonlinearordinary/partialdifferentialequationswith or without
some(functional)constraints. Waveletanalysisgivesusthepossibilityto work with well-localizedbases
in functionalspacesandgivesfor thegeneraltypeof operators(differential,integral,pseudodifferential)
in suchbasesthemaximumsparseforms.

In our variational-wavelet approach[1]–[4] we canconsiderpolynomialandrationaltypeof nonlinear-
ities.Thesolutionhasthemultiscale/multiresolution decompositionvia nonlinearhigh-localizedeigen-
modeswhich correspondsto the full multiresolutionexpansionin all time/spacescales.This givesus
expansioninto theslow partandfastoscillatingparts.So,wemaymove from coarsescalesof resolution
to the £nestone for obtainingmoredetailedinformationaboutour dynamicalprocess.The £rst term
correspondson theglobal level of functionspacedecompositionto resolutionspaceandthesecondone
to detail space.In this way we give contribution to our full solution from eachscaleof resolutionor
eachtime/spacescaleor from eachnonlineareigenmode.The sameis correctfor the contribution to
power spectraldensity(energy spectrum):we cantake into accountcontributionsfrom eachlevel/scale
of resolution.

Ourfunctionalspacedecompositioncorrespondstoexactnonlineareigenmodesdecompositions.It should
be notedthat suchrepresentationsgive the bestpossiblelocalizationpropertiesin the corresponding
(phase)space/timecoordinates.In contrastwith differentapproacheswe do not useperturbationtech-
nique or linearizationproceduresand representdynamicsvia generalizednonlinearlocalizedeigen-
modesexpansionwith the bestpossibleconvergenceproperties.So,by usingwavelet baseswith their
good(phase)space/timelocalizationpropertieswe canmodellingthedynamicsof high-localizedcoher-
ent structuresin spatially-extendedstochastic/turbulent systemswith collective behaviour. In all these
modelsnumericalmodellingdemonstratestheappearenceof coherenthigh-localizedstructuresandsta-
ble patternsformation.
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In thepresentwork thereis studiednumerically¤ow with crystalson a channelwall. Flows in channels
with obstructionson their walls areof greatpracticalimportancefor industrialapplications,including
heattransferenhancementby rib roughness,coolingof electroniccomponentsandequipment,cooling
towersetc. Transientmixing phenomenainducedby bluff bodiesresult in increasing(or, in opposite,
decreasing)someessentialparametersof theprocess.In this studya roughnesselementunderconsider-
ationis asingleimmobilecrystalof squarecross-sectionlocatedon a rigid reactorwall. Its in¤uenceon
heatand¤uid ¤ow in thesurroundingandin thebulk of thechannelis investigatedfor laminarsteady-
stateandoscillatoryregimesin the2D planarformulation.

A general-purposeCFD tool hasbeenusedto conductanalysisof this problem.The algorithm em-
ployedto solve numericallytheincompressibleNavier-Stokesequationsis basedon the£nitedifference
approachandthe primitive variableformulationof the governingequations.It presentsa development
of thewell-known SIMPLE-like (pressure-based)approachesto solve the incompressibleandslightly-
compressibleNavier-Stokesequations.Theup-to-datetheoreticalachievementsin CFD wereused,se-
lection of the mostef£cientvariantof algorithmwasperformedvia a lot of practicalcalculations.To
validatepossibilitiesof the numericalmethodfor studyingtransient¤ow problemsof the considered
class,a ¤ow over a squarecylinder hasbeeninvestigatedasa test[1]. Predictedvortex sheddingstruc-
turesfor theReynoldsnumberin therangefrom 100up to 1000have indicateda goodagreementwith
availablenumericalandexperimentaldataboth in the Strouhalnumberandaveragedrag / lift coef£-
cients.It is well-known thatat approachinga bluff body to a rigid wall transientbehaviour of the¤ow
becomesmorecomplicatedin comparewith the freestreamcase.Peculiaritiesof the limiting caseof a
squareroughnesselementplacedon achannelwall is studiedherewith applicationto chemicalreactors
with crystallizationprocesses[2].

Peculiaritiesof convective transportwereanalyzedfor Rein therangefrom 5 upto 500attheassumption
of 2D ¤ow downstreamof the squarebody. The critical valueof Reynoldsnumberat which transition
from steady-state¤ow regime to oscillatoryvortex sheddingtakesplacehasbeenestimatedfrom nu-
mericalexperiments.A parametricalstudyon in¤uenceof Reon theStrouhalnumberandaveragedrag
coef£cienthasbeenconductedandhasindicatedsigni£cantdifferencesfrom the freestreamcase.De-
pendenceof theoverall time- andsurface-averagedNusseltnumberson¤ow regimeswasexamined.
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Moleculardynamicsstudyon theRayleigh-B́enardsystemwasexploredby Mareschalet al. [1, 3] and
by Rapaport[2] in the middle of 1980’s. The former researchersdemonstratedthat fully developed
convective rolls couldbeobservedevenin a smallsystemmadeup of a few thousandsof molecules.In
ourprevious[4] andpresentstudies,thedynamicalbehavior of asmallRayleigh-B́enardsystemof ahard
disk¤uidcon£nedin asquareboxis reexamined.Ourinterestliesin anunstablemotionof convectiveroll
observedneartheconventionalbifurcationpoint,especiallyin asimilarity to anothercritical phenomena
with bifurcation.

A seriesof experimentsis performedby changingvariousphysicalconditions,namelythe numberof
disksandthe boundaryconditionandso forth, aswell as the temperaturegradient.The temperatures
of the top andthebottomwalls arekept constantin eachrun anda gravitational £eld is introducedso
thatadiskmoving betweenthesetwo wallsexperiencesazeronetenergy change.Initially, thedisksare
uniformly spacedandtheir velocitiesaresampledfrom theMaxwelliandistributionswith linearly inter-
polatedtemperaturesbetweenthe two thermalwalls. The disksareassumedto be re¤ectedspecularly
on thewalls; however, thermaleffect is takeninto accountto thevelocitydepartingfrom thetopandthe
bottomwalls in conventionalways.In additionto themacroscopic¤ow £elds,variationof angularmo-
mentumof thesystemaroundthecenterof thebox is examinedbecausethestabilizationof aconvective
¤ow coincideswith thestatein which thedirectionof thismomentumis keptunchanged.

Our £ndingsaresummarizedasfollows. Whenthe temperaturedifference,?p� , is small, no ¤ow can
beobserved: only heatconductionoccurs.As ?p� increases,spontaneoussingle-roll structureemerges
after the initial transientstate.At £rst,both clockwiseandcounterclockwiseconvectionsareobserved
irregularly; however, the averagelifetime of a convective roll patternis prolongedwith progressionof
?p� . In mostof thecasesexamined,this tendency continuesto thelargesttemperaturegradientimposed
in our experiment.For the stabilizationof a convective roll pattern,it is necessaryfor the systemto
containanenoughnumberof disksandto berununderthestress-free(slip) typeboundarycondition.In
any case,thereis no distinct critical point betweenno-roll andfully developedsingle-roll statesin the
presentsmallsystem.
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Excitablemediashow a broadrangeof structureformationprocesseswhich areinvestigatedin biolog-
ical, chemicalandphysicalsystemswith experimental,theoreticalandcomputationalmethods[1]. A
specialtype of structuresobserved in excitablemediaareso calleddissipative quasi-particles,which
arestationaryor moving localizedhigh-amplitudestructuressurroundedby ahomogeneousbackground
states.In orderto modelphenomenologicallythequasi-particlephenomenaof adc-gas-discharge-system
[2] a three-componentreaction-diffusion systemof 1-activator-2-inhibitor typeis investigated.Nearthe
drift-bifurcation the in£nite degreesof freedomof the partial differentialequationscanbe reducedto
ordinarydifferentialequationsdescribingtheinteractionof moving quasi-particlesin termsof their po-
sition andtheir drift [3]. In this approachoneinhibitor actsasa nonlocalfeedbackto theactivator and
stabilizesthestructure,while theotherinhibitor determinestheequilibriumvelocityof thequasi-particle,
which canbecontrolledby the time-constantof his temporalevolution. Dependingon this control pa-
rameterthequasi-particleinteractioncanleadto the formationof boundstateslike moving or rotating
quasi-particle-molecules [4], if the tails of the quasi-particlesdecayexponentiallyto the homogenous
backgroundstate.

In orderto checkthe interval of thecontrolparameterwherethe reduceddynamicsformalismis valid,
we aresolving the partial differential equationsof the reaction-diffusion systemnumericallyon two-
dimensionaldomains.For smallcontrolparametersandthussmalldrift-velocitiesthesimulationsrepro-
ducethepredictionsof the reduceddynamicsformalism.Increasingthecontrolparameterabove some
thresholdvalueleadsto theappearanceof furtherinteractionphenomenalike generationor annihilation
of quasi-particles.This shows that thewell known interactionphenomenaof dissipative quasi-particles
like scattering,formationof molecules,generationandannihilationattribute to only onecontrolparam-
eterdeterminingthe drift-velocity of the quasi-particle.Previous to the appearanceof generationand
annihilationeffects the reduceddynamicsformalismis an importanttool to investigatemany particle
dynamicsin reaction-diffusionsystems.
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Thereactionzoneof a detonationwave is very small comparedto thehydrodynamiclengthscalefor a
typical application.Consequently, it is impracticalfor numericalcalculationsto £nelyrasolve thereac-
tion zone.TheBukiet’smodi£edHugoniotjumprelationscharacterizethecurvatureeffectof detonation
wave.They expresstheconservation laws andarenot sensitive to thedetailedreactiondynamics.

As known, underdriven diverging detonationwave decouplefrom the ¤ow behind,andthe wave front
canbe correctlypropagatedwith detonationshockdynamics(DSD). From the knowledgeof the local
radiusof curvature(which is a vailablesincethe fronts aresharp),thestatequantitiesbehindthe front
maybealgebraicallyobtainedfrom themodi£edHugoniotjumprelationswhichinclude£veparameters:
thereactionzonewidth andthevolumeaveragesover thereactionzoneof thepressureandof themass,
momentumandenergy densities,they may be obtainedfrom the planarwave for LX-17 using£nely
zoned(50 zonespermillimeter) ZND reactive ¤ow calculation.We useJWL equationsof statefor both
theunreactedexplosive andits reactionproductsandLee-Tarver ignition andgrowth reactionrate.

Thedetonationwave motionandthestateimmediatelybehindthewave maybefoundaftercalculating
the local curvatureat eachpoint alongthe front suchthat the detonationwave front andthe hydrody-
namicfront arepropagatedconsistentlyandthenthe¤ow behindthefront maybecomputedusingJWL
equationof statefor detonationproducts.Themethodis known asDetonationFront TrackingMethod
(DFTM) which eliminatestheneedto resolve the reactionzoneandallows us coarsentheentiremesh
thusyieldinggreatsaving in computationaleffort. Theseresultsareimplementedin ahydrocodetomodel
asphericallydiverging detonationof theexplosive LX-17.

As the detonationwave speedis only valid to £rst orderin k, it is consistentwith the accuracy of the
approximationto usethevolumeaveragesobtainedfrom theplanarwave for smallvaluesof k to obtain
thestatebehindthefront.Wesee,whetherpressurepro£leor statequantitiesbehindthefront, theDFTM
calculationsagreesvery closelythereactive ¤ow calculation.
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For properunderstandingof air-seainteractionandof thegenerationanddevelopmentof a wave £eld,
the knowledgeof the form andthe dynamicsof gravity waterwaves is highly essential.Dynamicsof
two-dimensionalsteepgravity waveson a surfaceof ideal incompressible¤uid of anarbitrarydepthis
investigated.Thewaveevolution is describedby theLaplaceequationin the¤ow domainfor thevelocity
potential ¢ andthedynamicalandkinematicboundaryconditionson the freewatersurface[1]. Up to
this time, completelydifferentmethodsareusedto studywave propagationon thesurfaceof deepand
shallow water. To considerwavesof arbitrarysteepnesswithoutassuminganon-linearityto besmalland
to build solutionsin thephysicalplane ^<¥±)j£�c valid for ¤uid of arbitrarydepth � we usethemethodof
harmonicbalance(Galerkin’s approximation)

ç�Jhl'M´Z
�

  � �
ç� E x  �¤�¥ ¢�JhlA)N£�M´Z

�
  � �

,N pN¦�§U¨ + ! + è�JD£ � �ÔMpN¦�§U¨ + ! + è©� E xõ H¤ ) x@� T £ T ç�JL¥±),âbM ¥ (1)

where l Z è ¥Hx��´â ; ¥ and £ arerespectively horizontalandupward vertical axes; £oZ ç�JL¥±),âbM is the
elevation of the free surfaceunderstill waterlevel £oZ & ; è and � arerespectively wave numberand
frequency.

Theonly approximationof theharmonicbalanceprocedureis the truncationof theFourierseries.The
greaternumberof harmonicsª is taken into accountthehigherprecisionof the approximatesolution
is achieved.Usingexpansions(1), thesetof non-linearalgebraicequationsfor unknown harmonicsç� ,,  andwavefrequency � wasobtainedfor numericalcomputercalculations.Thegeneralrecurrenceand
explicit formulaswerereceived for calculatingtheFourierharmonicsof exponentialfunctions.At that,
higly ef£cienttechniqueof numericalanalysisof systemswith polynomialnon-linearitydevelopedby
authorswasused.

Theproposedtechniqueof numerically-analytical analysisof thepropagationof waterwavesallowedus
to investigatetheStokeswavesin deepwaterandcnoidalwavesin shallow wateraswell asintermediate
casesusingthe samehighly ef£cientcode.Thenew solutionswerefound possiblyresponsiblefor the
breakdown of waves.The sequencesof bifurcationswith periodsdivisible by prime numbersg , £ , �
were revealed.The respective subharmonicstationarystateswere found with subsequentdoublingof
correspondingsequencesg')bg � )bg � )b©b©b© ; £')b£ � )b£ � )b©b©b© .
Themethodis generalizedby authorsfor three-dimensionalwaterwaves,gravity-capillarywavesaswell
asfor two-layer¤uid.
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A mechanismto suppressgrowth rateof thekinetic energy in mixing layersor othershearedturbulence
hasbeenextensively investigatedfor morethanonedecade.Althoughit wasthought£rstthatsometerms
in theequationof thekinetic energy which wereintrinsic to compressible¤uid shouldbeimportantfor
thisproblem,Sarkar(1995)hasshown thatoneof themostimportantcontributionsof compressibilityto
aturbulencewasmodi£cationof rotationalcomponentsof thevelocity ratherthantheseterms.However,
detailedphysicalmechanismon a point how thecompressibilitychangesthe rotationalcomponentsof
thevelocity remainsunclari£ed.

In orderto understandthis mechanism,we investigatehow tubular vortex structuresin a compressible
turbulenceareaffectedby the compressibility. A tubular vortex structureis oneof representatives of
¤uidmotions.Identi£cationof vortex structureshasbeenahot andtoughproblemof anincompressible
turbulence,becauseof lack of consensuson de£nitionof a vortex. (Refer to Kida and Miura[2] and
referencesthereinfor a review of this problem.)In orderto prepareanobjective de£nitionof a vortex,
we have developeda schemeto identify centralaxes of vorticesand core regions of vorticesaround
axes.[3, 4] Now weextendourschemeto acompressible¤uid to identify andanalyzevortex structures.

In orderto clarify how thecompressibilityaffectsto vortex structures,we executedirectnumericalsim-
ulationsof compressibleandincompressible,decayingisotropicturbulence.We setinitial velocity £eld
andtheReynoldsnumberthesamebetweenthesetwo kindsof simulations.By usingourvortex identi£-
cationscheme,weidentify tubularvortex structures.Becauseof thesameinitial condition,weareableto
comparevorticesin compressibleturbulenceto thosein incompressibleturbulenceoneby one.While the
energy andenstrophydoesnotdiffer eachothersomuchbetweencompressibleandincompressiblesim-
ulations,cleardifferencesareobserved in vortex structures.Thetotal volumeof vortex coresidenti£ed
in compressibleturbulencebecomesclearlysmallerthantheonein incompressibleturbulence.Further-
more,vorticesin compressibleturbulencearerelatively straightandlessbentcomparedwith vorticesin
incompressibleturbulence.

At last,detailedanalysison vortex structuresin turbulence,discussionson compressibilityeffects,roles
of tubular vorticesin mixing and/ortransportproblemsof compressible¤uidswill bepresented.
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Turbulent wakes behindbodiesof revolution in strati£ed¤uidshave beenconsideredin many publi-
cations.Analyzing theseworks we notedthat the resultsof the numericalmodelingof internalwaves
generatedby turbulentwakesareincomplete.Thereareno dataon comparisonof characteristicsof the
internalwavesgeneratedby thewakesbehindtheself-propelledandtowedbodies.In thepresentwork
anattemptis madeat £lling thesegaps.

To describethe¤ow in afar turbulentwakesbehindself-propelledandtowedbodiesin strati£edmedium
the parabolizedthree-dimensionalsystemof the averagedequationsin the Oberbeck-Boussinesqap-
proachis used.Themodi£edE x Ç modelof turbulenceis usedfor thesystemto beclosed.Theunknown
valuesof Reynoldsstressesareapproximatedby ”isotropic” relationships[1]. The turbulent ¤uxesand
the dispersionof the density¤uctuationsarereplacedby locally equilibrium approximations.In order
to determinetheturbulenceenergy E andtherateof dissipationÇ we usethecorrespondingdifferential
transportequations.Marchingvariable¥ in theconsideredproblemplaystherole of time. Initial condi-
tions at some¥yZ�¥ ½ wereassignedin accordancewith experimentaldataof Lin andPao [2],[3]. The
numericalalgorithmis basedontheapplicationof anexplicit splitting into physicalprocessesto thesys-
temof equationsfor themotionandincompressibility. Theotherequationsaresolvedusinganimplicit
splitting into spacevariables.

The resultsof thenumericalmodelingof the internalwavesgeneratedby thewakesin strati£ed¤uids
have beenpresented.Thecomputedphasepatternin thecaseof momentumlesswakeagreessuf£ciently
well with Chashechkin’s resultsof thelaboratorymeasurements[4]. Somecalculationsof internalwaves
generatedby turbulent wakes in the pycnoclinehave beenillustrated.Theseresultsare in agreement
with experimentaldataof [5]. Basedon theanalysisof behavior of the total energiesof turbulenceand
internalwavesin thewake cross-section,simpli£edmathematicalmodelsfor a far turbulent wake and
the internalwavesgeneratedby it have beenconstructed.Theresultsof calculationsshow that thedrag
wake generatesinternalwavesof essentiallygreateramplitude.
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Correspondingauthor:F.M.R.,fernando@lac.inpe.br, phone:55(12)3456534,fax:
55(12)3456375

Sinceit was£rst proposedin [1], theconnectionbetweenTsallis’ generalizedthermostatistics[2] and
turbulencehasbeenattractinga growing interest.In particular, with this formalismwe obtainedanalyt-
ical formulasfor probabilitydensityfunctions(PDFs)of velocity differenceswhich werein very good
agreementwith experiments[3].

Tsallis’ generalizedthermostatisticsintroducesafamily of non-extensive entropy functionals� � JLK2M with
a singleparameterÈ . Thesefunctionalsreduceto the classical,Boltzmann-Gibbsform as È � $ . Ex-
tremizing � � JLK2M subjectto appropriateenergy constraints,weobtainthegeneralizedcanonicalensemble
probabilitydistribution

K � JhIJxeM²Z z $�xk�ÛJh$¬xÈ MhIJx�{ �¬« r �h� � w =b� � © (1)

where � is suitableinversetemperature,I�x is À -th microstateenergy level, and � � is the generalized
partitionfunction.In thelimit of Èp� $ , we recover theclassicalstatisticalmechanicsexpressions.

Traditionally, thepropertiesof temperature¤uctuationsin turbulent¤ows arestudiedfrom thestatistics
of temperaturedifferences��6 JL¥±M*Zo�9JL¥RM¦xk�9JL¥ � �àM at differentscales� . In this paperwe show thatif
we associateI�x with thethermalenergy correspondingto thetemperature¤uctuation�´6 (i.e., IJxR· + ��6 + ),
Eq.(1) providesasimpleandaccuratemodelfor describingstatisticalbehavior of turbulenttemperature
¤uctuations.A major advantageof usingEq. (1) is that all his momentscanbe analitically evaluated.
Therefore,if we assumeasusualascalingof themomentsA �  6 E as�L " , thevariationwith scaleof È and
� canbecompletelydetermined.

Wecheckedtheabove modelwith turbulencedatameasuredin theatmosphericsurfacelayerduringthe
LBA (Large ScaleBiosphereAtmosphereExperimentin Amazonia)wet seasoncampaign[4]. Results
were found to be in goodagreementwith experimentthroughspatialscalesspanningthreeordersof
magnitude.

Thiswork wassupportedby FAPESP-Brazil,grants97/13374-1and97/9926-9.FMR alsoacknowledges
thesupportgivenby CNPq-Brazilthroughtheresearchgrant300171/97-8.
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Contraryto unicellularorganisms,multicellularonesdonot springfully formed.Theseorganismsreach
their £nal shapeundera relative slow processof changes,with a progressive increaseon complexity.
At most cases,the developmentof a multicellular living beingstartswith a singlecell, the fertilized
egg calledzygote.After fertilization, the egg developmentundergo the following stages:(1) A series
of extremely rapid mitotic divisions (cleavage)that £nisheswith a hollow sphereknown as blastula.
(2) Theblastula’s invagination,forming thegastrula,a bilaterallysymmetricthree-layeredstructure.(3)
Organogenesis:After the formationof the threelayers,the cells interactwith one anotherproducing
the organs.(4) The £nal stageis thegrowth andmaturation.An importantquestionfor developmental
biology is what leadsto the breakingof symmetry?;or, why the living beingdoesnot have the same
symmetryshown whenit wasazygote?

In this work we introducea model dealingwith thosequestions.This model is basedonly in local
interactions.The “medium” wheretheembryogrows is representedby a squarelattice.To eachsite is
associateda value � x : � xOZ�& is a freecell siteand � xOZ�è ( ènZ�$'©ª©ª©#t ) meansthatcell type è occupies
that site. In this version, t Z g . The£rst stagestartswith thecentralsite occupiedby a typeonecell
( � xÛZ�$ ), representingthefecundedegg or zygote.Thezygotenow undergoesto a stageof successives
mitotic divisions,thus£lling a “spherical” region of the lattice.Theinnercellschangeto type g , while
theoutercells remainsof type $ . After this differentiation theblastulaappearsnow asa “skin” of type
1 sites,or the blastomeres,andan interior of type 2 sites,the blastocoel.The embryois now readyto
gastrulatedueto thechangesin therelativepositionsof thecells.Thesemovementsaredonevia aMonte
Carlodynamics,minimizingaPotts-like energy givenby:

¯ Z%x 	 � x ] |
% �z® ] �L¯ x 	 �A�°x ) (1)

wherethe£rsttermrepresentsthecell adhesion(thesumis performedovertheeightnearestneighbours);
andthesecondtermrepresentstheactionof diffusiblesubstancescalledmorphogens. In thebeginning
of thesecondstage,the freecell siteshave thesameamountof morphogensanda blastomeretendsto
go inwards.If it succeedsin this movement,the concentrationof morphogensincreaseon that region,
leadingto new movementsthatwill createsthegastrula.

Weperformedsimulationsfor differentvaluesof theinteractionparameters,aswell asthe“temperature”,
whichrepresentsthe¤exibility of thesystem.Theresultscandeorganizedin threegroups:(i) thesystem
is sorigid andweobtainonly ahollow sphere;(ii) thesystemis so¤exible thatit cansplit in many parts;
and(iii) we observe theformationof a gastrula.Hence,thesymmetrybreakingcanbeachievedwithout
any kind of externalagent.Theinformationnecessaryto reducethesymmetryorderlies in thedynamic
of thesystemandonly local rulesarerequired;thegastrulationtakesplaceasaspontaneous,robustand
self-organizedprocess.
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Quiterecently, largescalesimulationshave beencarriedout in various£eldsof computationalphysics.
Thesoftwaresusedfor suchsimulationsareavailable;someof themareusedfreely, andtheothersare
provided commercially. For large scalesimulations,useof databasesystem,for examplethe database
of atomicscalestructuresof proteinmoleculesfor its electronicstructurecalculations,is oneof keys to
success.Thesesoftwaresand/ordatabaseincludingvisualizationtoolsaregoingto integratevia internet.
However, thereis a seriousproblemof interoperatability. In this paper, we presenta platformfor large
scalesimulations,and discussthe relationshipbetweenthe knowledgesharingsystembasedon this
platformandcomputationalphysics.

Thepresentplatformconsistsof serversandclients,whereprograms, input/outputdataandotherknowl-
edgesaredealtwith asthesametypeof ”document”data,andthedataarestructurizedbyusingtheXML(
eXtensibleMarkup Language) description.The dataon the servers arecontrolledby objectoriented
databasemanagementsystem”Object Store” and the Java appletis utilized for visualization,retrieve
andauthoringof thedataat theclients.All of data,i.e.programs,numericaldata,text documentsandso
on,aretraceable,becauseof theuseof XML tagsets.Thesetagsetsshouldbede£nedastwo setswith
differentcategories;one is a commontag set,e.g.bibliographicinformation,physicalconstants,data
types,andsoon, theotheris a £eldspeci£ctagsete.g.atomicmassandunit cell structurefor materials
science,andidenti£cationnumberof proteinin theproteindatabank(PDB) for bioscience.

We demonstratethe platform for the £eld of materialsscience.A typical simulationin this £eld is an
electronicstructurecalculation,wheretheKohn-Shamequation,in the framework of thedensityfunc-
tional theory, is integratednumericallyby usingtheatomicspeciesandatomicpositionsasinput data.
Sincetotal energy canbe evaluatedin this simulation,the moststablestructurecanbe determined.In
this case,simulationconditionssuchasconvergentcriteria,meshinterval for numericalintegrationand
so on aretreatedasdatatogetherwith programsandinput/outputdata.ThesedataarestoredasXML
structurizeddocumentsin thedatabaseon theservers,andcanbereferredfreely via theplatform.

Other implementationis concerningto the ¤uid dynamics.In this £eld, the Navier-Stokes equationis
solvedwith £niteelementmethod(FEM) or boundaryelementmethod(BEM), wheremeshgeneration
schemeis key for highly ef£cientsimulations.Pastnumericalresultsandcorrespondingmeshinforma-
tion relatedeachotherarestoredwith XML tagin thedatabase.Thesestructurizeddataareutilized for
thesimulationswith othersimulationconditions,or referredby visualizationtool on theclients.

Severalapplicationsof theplatformto various£eldsincludingbioscienceandgeophysicsarein progress.
Thesystempresentedhereis a prototypeof groupwaresfor a scienti£ccommunity, andwill contribute
to constructaninter-communityof researchesglobally.
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Thecloudbaseheightpro£lesareknown to havehighly ¤uctuating,irregularstructure.Thedynamicsof
cloudbaseheightevolution is determinedby a varietyof processesin theatmosphere,especiallythose
in theplanetaryboundarylayer [1]. This irregularstructureof thesignalsis a benchmarkfor nonlinear
dynamicalprocesses.An assumptionthatthisdynamicsis dueto thebehavior of acomplex systemleads
to a new conceptin statisticalinvestigation,as largely discussedin [2]. This conceptis to predict the
probabilitydistribution of thesystemat largetimes,therebygiving its overallbehavior. To dosorequires
useof speciallydesignedmethodsof analysisfor studiesthe temporalevolution of cloud baseheight
records.

The datausedin this study are the cloud baseheight sequencesmeasuredwith a ground-basedlaser
ceilometerhaving a temporalresolutionof 30 seconds.The measurementsweretaken in June1992in
theAzoresIslandsduringtheAtlantic StratocumulusTransitionExperiment(ASTEX) in June1992.

Themultifractalapproach[3, 4] id usedhereto estimatethe(q-th) ordermomentsof thestructurefunc-
tionsandthesingularmeasures,asconstructedfrom thedata.Themethodseeksvariousscalesof self-
af£nity, andsosearchesfor multi-af£nity. This approachleadsto characterizingthenonstationarityand
intermittency pertinentto suchsignalsproducedby nonlineardynamicalprocesses.Multifractality is the
signatureof thecloudbaseheightpro£lesascharacterizedby ahierarchyof exponents.Thevalueof the
roughnessparameterH1 is consistentwith theoneobtainedfor thesamedatausingdifferentmethodof
analysis.Moreover, themultifractalbehavior of thecloudbaseheightpro£lesalsois consistentwith the
multi-af£nepropertiesof otheratmosphericdatarecordedsimultaneouslyduringthesame£eldexperi-
ment[4].

Furtherwork will be to relatethesestatisticalparametersto thedynamicalpropertiesof theclouds,an
importantsteptowardunderstandingandpredictingtheirdynamicalbehaviour.
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Liquid crystalsareknown asnonlinearopticalmedia,evenat low incidentlaserpower. [1].

Our previousworksshowedthat thin £lmsof fatty acidsandfatty acid-cholesterolmixturesbehavedas
liquid crystals,betweensometemperaturevalues.[2].

Replacethistext by theText of yourSummary. Thepaperpresentsanexperimentalandcomputerstudyof
differenttypelasersignals,emergentfrom somefattyacids- cholesterolmixturessamples,in presenceof
¤uctuations.Thepurposewasto estimateasaccuratelyaspossiblethecholesterolamountin any mixture
sample.Theopticalemergentpower at differentincidentopticalpowersandthepulsewidth in thetime
domainat different bias voltageswere experimentallydeterminedfor different type c.w. and pulsed
lasers,asfor examplehelium-neonandNd3+glasslasers,beforeandafterpassingthroughthesamples.
Theresultswerecorrelatedwith theamountof cholesterolin mixturesandwith theirmicroscopicaspect
and responsein external electric £eld. Thesemeasurementsare in all casesaffectedby ¤uctuations.
Thereforewedevelopedsomecomputerbasedprocedures,by usingequationsRunge-Kuttain MATLAB
andtheTableCurve3D from JandelScienti£csoftwarefor taking into accountthese¤uctuations.As it
is known, in averagingproceduresthe useris interestedin the meanvalueof the received signalover
a certaintime interval. Sincethe investigatedstructuresarevery sensitive at randomvariationsof the
integrationperiod(generatedby theswitchingphenomenaat theendof theintegration)a multiplication
of the received signalwith a test-functionis recommended.In this paperwe presentsomeinvariance
propertiesof differentialequations,which canbeusedfor generatinga ”practical” test-functionon this
time interval. We werelooking for ”truncated”testfunctions(functionswhich differ to zeroonly on a
certaininterval andwith only somederivatives continuouson the real axis) andwe presentsalso the
propertiesof secondorderoscillatingsystems(consideredasgenerating”practical” test functions)in
£lteringandsamplingprocedures.[3].

Numericalsimulationswere using Runge-Kutta equationsof order 4-5 in MATLAB. TableCurve3D
programwasusedto £t theexperimentaldependenciesof theoutputsignalson differentinput physical
amounts.A good agreementbetweenthe experimentand computerresultswas found. A methodto
estimatethe cholesterolpercentagein a mixture with fatty acidswasdeveloped.Sincefatty acidsand
cholesterolareimportantsubstancesfor the living matterandespeciallyfor thebiologicalmembranes,
we considerthis studyimportantfor elucidatingsomemechanismbelongingto thisdomain.
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In the following we presentresultsof investigationsof the WIG index - the index of Warsaw Stock
Exchange.(WIG is anabbreviation of thePolishname.)TheWIG index is calculatedasa total returnof
theweightedsumof market capitalizationof all stocksfrom themainmarket oncepertradingdayafter
eachsession.TheWarsaw StockExchangeis a youngmarket— the£rstsessiontook placeon the16th
April of 1991and£ve stocksweretraded.Now, i.e. on 1 August2000theportfolio of theWIG index
enumerates120stocksof themainmarket and61 stocksaretradedon theparallelmarket. We studya
timeseriesof returnsof theWIG index for theperiodof 5 lastyears:from September1995to December
2000.Thuswe observe theemerging market in its secondphaseof development.

Thepresentationis organizedasfollows:

After introducingtimeseriesconsideredandgiving ade£nitionfor returns-oneof thebasicnotionsin a
studyof £nancialmarkets,we presentteststo estimatestrengthandcharacterof long-rangecorrelation
of Warsaw market. We show thestronglyantypersistantrandomwalk occurringin caseof WIG -index
in thetimehorizonlongerthanthreemonthswhatresultfrom every threemonthsrevisionof theformula
for WIG index.

Thenwe discusspropertiesof probabilitydensityfunctionsof returns.We show that thecentralpartof
distribution of WIG index returnsis well £ttedby a Lévy distribution. Sometime scalingis therefore
provided.Theasymptoticbehavior of thedistribution of returnsshows fasterdecaythanpredictedby a
Lévydistribution.Hence,ourresultcon£rmsMantegnaandStanley proposition[1, 2] of atruncatedLévy
distribution asa modelfor thedistribution of returns.Theexponentialtruncationensurestheexistence
of a £nitesecondmomentwhatconcludes,by limit theorems,thattheasymptoticdistribution of returns
is aGaussiandistribution.

Finally we translatethe time seriesof WIG index valuesinto a text [3, 4]. The Zipf analysisresults
in the observation that non trivial correlationexist betweensuccessive daily ¤uctuations,so that some
predictionsarepossible.
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In science- e.g.in astronomy, metallurgy, thin £lm physics,biology, etc.- complex systemsconsisting
of a large numberof individual objectsare often studied.The imageanalysisof suchsystemsgives
informationeitheraboutthesizedistribution of objectsor aboutthespatialdistribution of objectsin two
or threedimensionsandin this way aboutimportantphysicalcharacteristicsof studiedsystems,too. In
thin £lm physicsespeciallythedeviation of thespatialdistribution of objectsfrom anequilibriumstate
is in acloseconnectionwith anucleationprocessestakingpartduringinitial stagesof thin £lm growth.

For the imageanalysisin thin £lm physicsthe standardmethodsbasedon the theoryof mathematical
morphology[1] areoftenused.Thesensitivity of thesealgorithmsdiffersfor discontinuousmetallayers
of variousthicknessandhaslimited accuracy for thicker discontinuousaswell assemicontinous£lms.
Thereforenew techniquesfor thestudyof imagesof suchstructuresmustbesuggested.

In thiscontribution a new approachto theimageanalysisof thesystemsconsistingof a largenumberof
individualobjectsbasedonneuralnetworks[2] is presented.This techniquecanprofoundlysimplify the
imageanalysisof morecomplicatedsystems,however in thepresentstageof computationaltechnique
for thesuccessfulapplicationof neuralnetwork for imageanalysisanappropriatepre-processingmethod
mustbeapplied[3]. Thereforeseveralalgorithmsaretestedandtheirusefulnessfor thepre-processingof
simulatedmicrographsof metal£lmswith differentthicknessesis compared.Two groupsof algorithms
for the pre-processingwerestudied:1) classicalmorphologicalmethods- radial distribution function,
distribution of nearestneighboursandcovariance;2) new algorithmsbasedon ideasof the travelling
salesmanproblemandon thedistribution of Wigner-Seitzcells.All algorithmswereappliedto model
structuresgeneratedby meansof thehard-diskmodel[4].

It wasfound that the imageanalysisperformedwith neuralnetworks allow gainingsomeinformation
hiddenin classicalmorphologicalmethods.While the new approachis testedon simulatedhard-disk
models,theresultscanbeappliedto theexperimentallyderivedmicrophotographsof discontinuousand
compositemetal£lms.Thequalityof theperformanceof thetrainednetworksfor realimagesis asubject
of furtherinvestigation.
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Wediscusshow in ªF��Ù simulationstheevaluationof pressure,whichhaslongbeenconsideredaprob-
lem becauseof its wild instantaneous¤uctuations,canindeedbekeptundercontrol, if the ”Jackknife”
method[1] is usedto computethestatisticalerroraffectingensembleaverages.We show that it is pos-
sible to exploit the dramaticdependenceof pressureon force-£eldparametersto accuratelytunethem
to their optimal values.As an exampleof applicationof theseideas,we presentMolecularDynamics
simulationsof threedifferentsamplesof butane(C� H � ½ ), madeup of 256,512 and2048moleculesin
a cubic box with periodicboundaryconditions.Simulationsarecarriedout at room temperatureat the
experimentaldensityof 0.583gr/cm� . In theseconditionsbutaneis in its liquid phase[2]. We studythe
in¤uenceof the magnitudeof the inter-molecularpotentialparameterson the pressureandcontrol the
impactof themodi£cationof theforce-£eldon otherthermodynamicalquantities(like speci£cheat,la-
tentheat,diffusioncoef£cients,etc.).We £ndthat,after reproducingtheexperimentalbehaviour of the
systemalongtheliquid-vaporcoexistencecurve,evenminor changesof thecoef£cientsof theattractive
partof theLennard-Jonesinter-molecularpotentialgive rise to hugevariationsof thepressurewithout
signi£cantlyaffecting anyoneof the otherthermodynamicpropertiesof the system.It is preciselythis
critical behaviour whichcanin turnbeexploitedto tuneforce-£eldparameterswith remarkableaccuracy.

Wehaveextendedtheseconsiderationsto themeasurementof thestress-tensor, â�x | , of amodel-membrane
simulatedasabilayercomposedof gOiÎ£'g and gOi@g'�': Dimyristoyl-methyl-glycerol (DMMG) molecules
in vacuum,in its crystalandgelphases.Wehaveextractedthevaluesof thesurfacetension,/ , of thebi-
layer, asfunctionof thetemperature,in bothphases,usingthestandardformula / Z\AL�W·'J <�¸�¸ « <¬¹º¹� xnK�· M�E
valid for asystemwith £xedsurfaceareaand¤uctuatingtransversewidth.Evaluationof statisticalerrors
by theJacknifemethodallows ameaningfulcomparisonwith experimentalandsimulationdata[3]. De-
spitethescaring,strongdependenceof / onthedetailsof theinter-molecularpotential,we£ndnumbers
whichcompareratherwell with theexpectationsfor aplanarbilayer.

As a £nal remark,we notethat all the simulationscarriedout for the largestof the differentvolumes
of thetwo physicalsystemswe have discussedhere,have beenperformedwith thehelpof theAPE100
parallelplatforms.
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TheBusyBeaverproblemis oneof modi£cationsof theTuringmachinehaltingproblem,andfamousfor
its easyde£nition.Whenstartingfrom anall-blanctape,somemachineswill halt andsomenever halt.
TheBusyBeaver is themachinewith agivenstatesizethathaltswith thelongesttime.Whenonemakes
a function of the beaver’s lifetime againstits statesize,this function turnsout to be uncomputable[3].
Sincethis problemwas£rststatedin 1962,many computationalstudieshave performedto searchBusy
Beavers[1][4]. Thispaperreportsdistributionsof haltingprobabilitieswith afocusontime-spacepatterns
of machinemotions.

In the Busy Beaver Problem,the halting probability is phrasedasfollows: If we run a randomTuring
machineof a de£nedstatesize,what is theprobabilityof halting?Also, haltingprobabilitywasknown
to beuncomputable[3][2].

Fig.1shows examplesof distributionsof haltingprobabilities.Integratingthesefunctions,wecancalcu-
late the halting probabilitiesof eachstatesize.However, asdistributionschangesmoothlyfrom expo-
nentialto power, preciseestimationof probabilitiesgraduallybecomeharder.

Distributionsof halting probabilitiessuggestthat machineswith short lifetime halt at random,but the
causeof halting of machineswith longer lifetime is not clear. Also, shortand long lifetime machines
show different trails on a tape.The former shows randommotions,but the latter leaves remarkable
recursive featuresthat we could classify in 3 types.Fig.2 show the populationsof 5-statemachine’s
moving patternsona tape.

Thedetailedanalysisis yet to beunderstand.We shall,however, presenta relevantanalysisin analogy
with randomwalks.

0.0
»0.2
»0.4
»0.6
»0.8
»1.0

Random

III

II

I
¼

10000-3000-
½

2000-
¾

1000-500-
¿

0-500
»

Fig.1 Fig.2

References

1. A. H. Brady, Mathematicsof Computation,vol.40,647(1983).
2. G. J.Chaitin,Journalof theAssociationfor ComputingMachinery, vol.22,no.3,329(1975).
3. T. Rado,TheBell SystemTechnicalJounal,vol.41,no.3,877(1962).
4. H. MarxenandJ.Buntrock,Bulletin of theEATCS,vol.40,247(1990).

B109



Characterisation of degreeof arrangement
in imageanalysisof complexsystems
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In some£eldsof physicsasthin £lm physics,solid-statephysicsor in astronomythesystemsconsisting
of a large numberof objectsarestudied.During an imageanalysisof suchcomplex systemsvarious
informationcanbe derived: characteristicsdescribingthe whole image,sizedistribution of individual
objectsandthe spatialdistribution of objects.In imageanalysisin physicsoneof the most important
tasksis the quantitative characterisationof the degreeof the objectsarrangementas the deviation of
thestudiedsystemfrom theequilibriumrandomstatecanbring informationaboutinternalprocessesin
thesystem.For thedescriptionof spatialdistribution of objectsin imagesseveral standardmethodsas
theradialdistribution functionor distribution of nearest-neighboursaretypically used[1]. However, the
exact interpretationof derivedmorphologicalcharacteristicsis oftenvery dif£cult andthesensitivity of
thesemethodsdiffersfor variousstudiedsystems.

In order to derive the proper interpretationof standardmorphologicalcharacteristicsand to test less
known andnew algorithmsfor the quantitative descriptionof the degreeof arrangementof objectsin
imagesa simplecomputerexperimentwasprepared.First, several typesof simulatedstructurescorre-
spondingto varioustypesof experimentaldatain physicsweregenerated.Themodelswerebasedonthe
hard-diskapproach,on theregularstructureswith addedGaussiannoiseandon clusteredstructures.In
all thesemodelsaparameterfor thegenerationof variousdeviationsfrom theequilibriumstatewascho-
sen.Thedegreeof randomnessof thesetsof modelledstructureswasdescribedby meansof a Quadrat
Countsmethod[2].

All generatedstructureswereanalysedby six both thewell-known andthenew algorithms:radial dis-
tribution function,distribution of nearestneighbours,covariance,chord-lengthdistribution,Voronoites-
sellationsandHartley integral transform- e.g.[3] [4].

Thedetailedanalysisof obtainedmorphologicalcharacteristicsof all usedmethodsenabledusto divide
testedalgorithmsinto threegroups:methodssensitive to small deviations from completelyarranged
systems,methodssensitive in thewhole rangeof degreesof randomnessandmethods,thesensitivities
of whichcanbeadaptedto thestudiedsystem.Theresultsof sensitivity analysisof thesealgorithmsare
appliedto theimagesof thin metal£lmsgrown on dielectricsubstrates.
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Noiseandtime delayaretwo elementsthat areassociatedwith many systemsleadingto complex dy-
namics.Understandingof suchdelayedstochasticsystemsis far from complete[1][2][3].

Themainpurposeof this paperis to investigatenumericallyandanalyticallya simplestochasticmodel
with delaywhich shows a resonancephenomenon.Fromthepoint of view of stochasticresonance,this
is anew typeandoneof thesimplestmodelswhich is analyticallytractable.

We hereinvestigatethe modelwhich is a stochasticthreestateelement,whosetransitionratedepends
on its stateat a £xed interval / in thepast.Themain featureof the modelis that muchricher dynam-
ical behavior canbe obtainedcomparedto the binary model[4]. We observe variousrhythms,which
aredynamicshaving someperiodicity. Interestingly, astime stepgrows, theperiodicityof rhythmsbe-
comeslongerthandelayedmemory. A residencetimehistogramshows thepeakandit canbeconsidered
stochasticresonancedueto delayasin thecaseof binarystatemodel.

Thestrengthof this modelis thepropertythattheshapeof suchhistogramscanbederivedanalytically.
Noting that it consistsof statisticallyindependent/ � $ Markov chains,onecanexactly derive theana-
lytical expressionfor histograms�ÔJ S M usingonly Ï�x , theprobabilityfor the À xFâ�� statein thestationary
limit andÀ xÁx , thetransitionprobabilitywhichreturnsto itself. Further, ageneralexpressionextendingtoª statemodelcanbeobtainedaswell.

� x J S M Z JhÏ x M�ÂàJh$�xÏ x M � Jh$Æ" SHT /¦Mh) (1)

Z JhÏ�xäM � ^'Jh$�xqÏ�xäM�xÏ�xäJh$�xÃÀ�xÄx,Mhc J S Z�/`Mh) (2)

Z JhÏ x M � « � JDÀ xÁx M Â � r � « � w Jh$�xÃÀ xÄx M � J S ��/¦Mh© (3)

As an applicationof this model,we have studiedyen-dollarcurrency exchangestochastictime series.
We show thatwith a suitablychosenparametersin themodel,somestatisticalfeatureof suchdynamics
canbewell captured.
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The informationprocessingin neuralsystemshasattractedmuchinterestsbecausethe systemsarere-
gardedastypical complex systems,analogouswith physicalsystemssuchasspinglasses,or important
for applicationto computerscience.While thepaststudiesfocusedondevelopmentof algorithmsin arti-
£cial neuralnetworks,wedealwith theneuralnetwork of thesoil nematodeCaenorhabditiselegans(C.
elegans) to clarify themechanismof theinformationprocessingin “real” neuralsystems.TheC. elegans
neuralcircuit hasseveraladvantagesfor investigations[1]: (1) all neuronsaremapped;(2) thenumberof
neuronsis only 302in anadulthermaphrodite;or (3) theconnectivities betweentheneuronsarealmost
identi£ed.Thepurposeof thepresentwork is to determinethesynapticpolaritiesof thelocomotioncir-
cuit, wherea polarity is eitherpositive or negative dependingon whetherthesignaltransmittedthrough
thesynapseis excitatoryor inhibitory. Even thoughthepolarity is a key factorfor the functionsof the
circuit, theworm is sosmall(1 millimeter in length)thatphsiologicalexperimentscannotyetdetermine
thepolarities.Thelocomotioncircuit consistsof four classesof sensoryneurons(ALM, AVM, PLM and
PVM), £ve classesof interneurons(AVA, AVB, PVC,AVD andLUA), andtwo classesof motoneurons
(A andB). Theseneuronscontrolthelocomotionof theworm[2].

Numericalcalculationsarecarriedout by useof therecurrentback-propagationalgorithm[3]. Thepro-
ceduresareasfollows. (1) A setof input signalsis imposedon sensoryneurons,andthe steady-state
outputsignalsaremeasured.(2) For eachmotoneuron,theerror de£nedasthedifferencebetweenthe
measuredoutput signal and the requiredsignal is calculated,and the errorsare propagatedreversely
throughsynapsesfrom themotoneuronsto thesensoryneurons.(3) Theabove proceduresarerepeated
for severalsignalpatternsuntil theerrorscometo besuf£cientlysmall. (4) Thesetof thevaluesin the
synapticconnections,^yÀÅx | c , aredetermined.

Wehaveinvestigated5000samples,andderivedfrequency distributionsof ÀÅx | . For thesynapsesfrom the
sensoryneuronsto theinterneurons,andthosefrom theinterneuronsto themotoneurons,thedistributions
have two peaksat a positive valueanda negative value(therearea few exceptions).On theotherhand,
thedistributionsfor theothersynapseshaveonly onepeakat ÀÅx | ZX& . Fromtheseresults,wehave found
that,whenwechooseasynapticconnectionfrom asensoryneuronto aninterneuronanduseit asa£lter,
thepolaritiesof theotherconnectionscanbedetermined.For example,whenÀÅx | of theconnectionPLMÆ PVCis positive, thepolaritiesof PVM Æ PVCandPVC Æ B is positive,andthoseof ALM Æ PVC,
AVM Æ PVCandPVC Æ A is negative.Thisresultis consistentwith thefactthatPLM, PVM andB are
neuronsfor forwardmovement,andALM, AVM andA areneuronsfor backwardmovement.Although
thepolaritiesof theconnectionsamonginterneronsarenot determined[4], our studycanbedeveloped
in thisdirectionandwill lendsupportto futureexperiments.
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1. Intr oduction. Weshallconsiderthefollowing classof conservative ¤ows in onedimension:

Ò�J S )��2MÈÇ±='Òbâ�Z%xÊÉ Á �©�vÒ D z S )��A{ Jh$'©ª$'Mh)
where J S )��2M@Ëê� Ì � D r ? w J>� ¥ � � Mh)*âÍË�� is anevolution parameter, ÉÎ�ªZÏ�u!�â À Ò À � Á J�Ð2=�Ð�¥±)�ÐN=�Ð�¥±M
is the implecticoperatoron a functionalmanifold � and D Ë * Jh��M is a Hamiltonianfunctionspec-
i£edpropertiesof a ¤ow underconsideration.The¤ows (1.1) for specialHamiltonianfunctionsareof
interestin many applications.Below wewill prove thatall ¤ows(1.1)possessauniformscalarLax type
representation

Ò�Ñ ='Òbâ�Z;z K�ÒVJ�Ñ Mh)�Ñ {7) Jh$'©ªg'M
with thelinearscalardifferentialoperator

ÑS�ªZ�� ��� ÐN=�Ð�¥ �kS Jh$'©ª£'M
in �`� J>� ¥�Ó M andoperatorsK�ÒVJ�Ñ Mq�n�¦�AJ>� ¥�Ó M��×�¦�'J>� ¥�Ó Mh) dependingonly on theHamiltonianfunc-
tions D Ë * Jh�GMh© This fact makes it possibleevidently to apply modernLie-algebraictools [3-5] of
treatingequationslike (1.2) therebyexhibiting their rich hiddeninternalsructure.

2. Lax type representationanalysisand reduction scheme.The following lemmacharacterizesthe
¤ow (1.1).

Lemma. Let Q Ñz S )�� ¥ å�{.�à�`� J>� ¥�Ó M²� �¦�AJ>� ¥�Ó M denotethefollowing differentialoperator

QÑz S )�� ¥ åA{[�ªZ�ÐN=�ÐA¥ � J S �ÔM � å��Ô) Jhg'©ª$'Mh)
where å°Ë Ó

is a spectralparameter. Thenfor any local functionals�HÒV)�7ºÒÔËÃÕ r ½ w Jh�GM thedynamical
system(1.1) is equivalentto theLax typerepresentation

Ò Q Ñ ='Òbâ�Z;zÂQK�ÒVJ Q Ñ Mh) Q Ñ {7) Jhg'©ªg'Mh)
where

QKzÒ9J Q Ñ MÖ�ªZ�7ºÒ � å��HÒ9© Jhg'©ª£'Mh©
Weconsiderthe£nite-dimensionalreductionof thedynamicalsystem(4.1)on thesubmanifold� r � w Z
^'J S )��2M×Ë � � Á ���vÒ�Ø � z S )��'{¿Z &'c of critical points of the following Lagrangianfunction Ø �ÚÙ_ ¼ « �UÛ_ ¼ Ø@z S )��A{7Òb¥oZ �½ W x D x,) D �Ü�ªZ D ) where D x7) À Z &')b£�) thecorrespondingto (1.1) four invari-
ants,ªÝË#� « is anintegerdependingonthederivativedegreeof theLagrangianfunction.The¤ow (1.1)
on � r � w is £nitedimensionalandin somecasescompletelyintegrableby Liouville-Arnold procedure.
Sincethesystem(3.1)is anaturalgeneralizationof thewell known Burgers¤ow possessingbothdissipa-
tive andsolitonlike solutions,thecorrespondingCauchydataat whichsolutionsaresolitonicshouldbe
treatedvia theextendedreductionmethodbasedon thewell known Moser’s mappingapproach,devised
in. This trendof ourstudyingthesystem(3.1) is performedin detail.
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The problemof £nding an appropriateset of initial conditionsfor the in£nite-dinensionalLiouville-
Lax integrabledynamicalsystemsleadingto suchtypical solutionsasthetravelling wavesandsolitons
hasbeenan importantproblemfor numericalanalysisof integrableequations.In this paper, we make
an attemptto develop a regular methodof £ndingvarioustypesof initial conditionsby employing the
methodof reductions[1, 2] of thein£nite-dimensionalintegrablesystemson£nite-dimensionalinvariant
submanifold.Thereducedsetof equationson a submanifoldconsistsof a pair of Hamiltoniansystems
integrablein theclassicalLiouville sense.The£rstsystemis associatedwith thevector£eld Ò ='Òb¥ onthe
£nite-dimensionalsubmanifoldandits solutionsde£nea setof initial conditionsfor thegiven in£nite-
dimensionalintegrableequation.The other£nite-dimensionalHamiltoniansystemcorrespondsto the
vector£eld Ò�='Òbâ on thesubmanifoldandde£nes[3, 4] the time evolution of the initial datadueto the
dynamicsof thein£nite-dimensionalsystem.Thephaseportraitof thedynamicalsystemcorresponding
to the vector £eld Ò�='Ò�¥ provides nesessaryinformation for identifying the initial conditionsfor the
solitonsandtravelling waves.

Themethodcanbeappliedfor thenumericalanalysisof notonly theLiouville-Lax integrabledynamical
systemsbut alsoto theconservative nonlineardynamicalsystemspossessingseveral conserved quanti-
ties.

The paperis organizedasfollows. We formulatethe basicconseptsof the methodby Bogoyavlensky
andNovikov of £nite-dimensionalreductionsof theLiouville-Lax integrabledynamicalsystems.These
ideasare appliedfor the numericalstudy of the KdV equation.The £nite-dimensionalreductionsof
themodi£ednonlinearSchr̈odinegr equation(MNS) andtheanalysisof thecorrespondingHamiltonian
equationsarepresented.Theapplicabilityof theseideasto onehydrodynamicalmodelpossessingfour
conservative quantitiesis donein deatil..We concludewith a discussionof our resultsandperspectives
for thefuturework.
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Energy exchangesbetweenobjectsurfacesarecharacterizedby geometricalquantitiesknown asview
factorsor form factors.Computingtheseform factorsis often the hearthof a lot of applicationcode,
bothin termsof quality (ahigh accuracy is requiredfor correctlytakinginto accountenergy exchanges)
andin termsof quantity(theirestimategeneratesaveryhighcomputationnalcost).A lot of domainsare
interestedin computingthoseform factors,suchheattransfer, lighting simulation, meteorology, remote
sensingor plantsgrowing simulation.

Previous researchesaboutform factorsestimatehave beenperformedthroughtheheattransfertheory.
Due to the high complexity of their formula (doubleareaintegral), catalogs[1] have beenproposed
which list analyticalexpressionsfor someparticulargeometricalshapes.Formfactorsestimatefor more
complex problemsarethengenerallyextrapolatedfrom thosesimplestenvironments.More recentlyre-
searcheshave beenperformedin the £eld of computersgraphicswhereform factorshave to be com-
putedfor 3D sceneillumination.Many speci£cform factorscomputationalgorithmshavebeenproposed
(hemicube,hemiplane,disk-to-pointray tracing,Monte Carlo, etc) [2] providing an extendedsurvey
aboutthesetechniques.However all thosemethodssuffer from a lack of accuracy whensurfacesare
closedfrom eachother becauseof the inconstancy of their estimate.Furthermoretheir usesampling
approachesfor computingthe form factorsbetweendistantsurfaces,thoseapproachesbeingproneto
unaccuracy. Recentwork [3] hasprovideda generalanalyticalformulafor theform factorcomputation
betweenany two planarpolygons.But this formularequiresstill to approximatesomecomputationans
hasavery high computationnalcost.Thenit hasnot beendesignedto take into accountpartialvisibility
betweenthetwo polygons.

The study we presentin this paperis centeredabout the characterizationof the form factorskernel
function. According to somedistancecriteria we have proved that this kernel function hasa unique
maximumandweareableto £ndit. Thenit becomespossibleto studyandcharacterizesomeimportant
parametersof thisfunction: therelativeorientationof thetwo polygonsandtheirdistanceandthegeneral
form of thefunction.Accordingto thoseresultswecomputetheform factorsbetweenany two polygons
by distinguishingthe areaswherethe kernel hasa smoothvariation from the areaswhereit changes
quickly. A £neintegrationis thusperformedfor themorevaryingpartsof thekernelwhereastheother
partsarecomputedmoreeasily.

The accuracy of our approachis very closedto the resultsprovided by the estimateof the analytical
formula describedin [3] but with a linear computationtime speedupfrom 8 to 10. Furthermorethe
estimateerror is alwaysstableeven for very closedpolygons.Note that this stability is not ensuredby
any classicalapproache.An otherinterestingadvantageof ourapproachis thatit allowsusto enclosethe
errorobtainedontheresultingenergy exchanges.Finally it extendseasilyto partiallyoccludedpolygons
with a low additionnalcost.
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Regressionanalysisis usedextensively in astronomicalresearch.The dataoften consistsof pairs of
observations,eachmemberof the pair having randomobservational errors.The problemof £tting a
function, usuallya straightline £XZ�� � 7e¥ to a setof datawhich have errorsin both coordinatesx
and y hasbeentreatedby a numberof researchers, the list is too big and we refer to a sampleof
papersr �h� � ] � w . Therehave beensomeattemptsin developingan algorithmfor £tting thedatato higher
degreepolynomialsthanthestraightliner � � � w ©
Wehave consideredproblemof £tting thedatato a polynomialof theform

£nZ�� ½ � � � ¥ � �u�<¥ �
Z
�

�  ½
� � � �

whereerrorsarepresentin both the coordinates,2 �_�x in ¥�x and 2 �aÈx in £�x for À Zd$'©ª©ª©ª©#ª¿© Here ª the
numberof datapoints.

To a£rstorderapproximation,we proposeamaximumlikelihoodmethodwith thefunction

Þ � Z
�
x  �
JS£�x¿x � �  ½ � � � � M �2 �aÈx � � � 2 �_�x

which is minimizedw.r.t. theparameters� � ©
An algorithmto minimize Þ � w.r.t. parameters� � is given andhencethecalculationof theparameters� � . Thealgorithmis testedwith datausedearlierby previousresearchers.Thesourcecodeis availablein
Fortran-90.Thecalculationsarecomparedwith theexistingmethodsrs� � � w © Theresultsarepresented.
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Observingwing of Pterygota,we canwatchhierarchicalmodefor the network formedby vein and

cell. Its patternformationis supposedto includefractalproperty. We notethepolygonalcell in thecell
patternof thewing to measurefor OdonataandOrthoptera.Thecellsareclassi£edinto 6 or 7 kind of
polygons,it is found that a greatnumberof thepentagonalcells aredistributed in all regionsof wing.
Then,its cell patternis similar to voronoipolyhedronthatis controlledcoordinateof generatrices[1]. We
assumethatdisplacementof generatricescausevariationof thecellsin aneclosion.
We note polygonalcell in the cell patternof the wing to measurefor Odonata.Themeansareadis-
tributionsof polygonalcells areshown. Accordingasthe numberof sideincreases,the meansareaof
polygonalcellsincreasemonotonously. Theareafrequency distributionsareshown andthosearesimilar
to thegeneralizedgammadistributions.As to Crocothemisservilia, Orthetrumtriangulare andPantala
¤avesecens, thevaluesof correlationcoef£cientbetweenfore andhind wingsof theareafrequency dis-
tribution aredeterminedas0.95,0.97and0.93,respectively.
We comparethe cell patternwith the wing patternthat is reconstitutedby voronoi tessellationandits
voronoidiagramsareexamined.For dividedregionof veinpatternswith Pantala¤avescens, deviation ?
from VoronoiPolyhedrons[2] for the fore andhind wing aredeterminedas0.46· 0.61and0.44· 0.55,
respectively. Thedistancefrequency distributionsbetweenneighboringVoronoipolyhedronsareshown
andthosearesimilar to the generalizedgammadistributions.As to Crocothemisservilia andPantala
¤avesecens, thevalueof correlationcoef£cientbetweenfore andhind wingsof thedistancefrequency
distributionsbetweenneighboringVoronoipolyhedronsaredeterminedas0.98and0.97,respectively.
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In this communicationwe model the urbanmobility[1] asa network of streetson which the individ-
uals/citizensmove randomly[2]. Moreover we includea deterministicpublic transportation[3] network
anda setof chronotopoiwhich interactwith thecitizens,producinga biaseddiffusive motionsimilar to
thatof agasin anexternalpotentialwith severalequilibriumstates.Themodelis implementedasacom-
putercodewrittenin C++objectorientedprogramminglanguage.In theabsenceof chronotopoithemean
£eldsolutionshavebeencomputedandtheanalyticalresultsarein goodagreementwith simulations[4].
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The novel technologiesallow electromagneticcoatingswith prescribedpropertiesto be produced.In
particular, suchcoatingsmay be anisotropic.The propertiesof electromagnetic£eldsin suchcoatings
is of interestin radioscience.In somecasesexplicit formulaefor theelectromagnetic£eld in the form
of Fourieror Fourier-Besselintegralscanbeconstructed.Howeverdueto complexity of themediathese
representationsarecumbersomeanddif£cult for theanalysis[1].

In thepresentedpaperthestationarymoderatefrequency electromagnetic£eldof a point dipolesource
in an anisotropiclayer is computed.The distribution of the£eld in thenearandfar zonesis described
by asymptoticformulae.In the intermediatezonethe£eld is representedin the form of Fourier-Bessel
integral [2] (cylindrical coordinatesBN)�ß�)bÃ areused)?

½
D r � w½ JD/©�àM��ÆJD/Ô)bÃAMhÒ�/Ô©

Thefunction �ÆJD/Ô)bÃAM haspolescorrespondingto waveguidemodesin thelayer. Someof thesepolesare
ontherealaxisof / andareavoidedaccordingto thelimiting absorptionprinciple.Twodif£cultiesappear
whencomputingthe above integral. The £rst problemis in the insuf£cientaccuracy becauseof rapid
oscillationsof the integratedfunction.This problemis solved by meansof appropriatedeformationof
theintegrationpathinto thecomplex planeof parameter/ . Whenperformingthisdeformationthepoles
of function �ÆJD/Ô)bÃAM maybe crossedandthecorrespondingcontributionsof the residuesarecomputed.
That is carefulnumericalanalysisof the function �VJD/à)bÃAM in thecomplex domainof / is required.The
searchof thepolesis complicatedby theindentedcharacterof thelevel curvesof function

+ � +
.

Thefollowing algorithmsareused:1. Modi£edNewton iterationsfor thesearchof thepoles.2. Special
quadratureformulae:a)nearsingularityof thefunction D r � w½ , b) nearthestationaryphasepoints,c) near
squareroot singularityof function �ÆJD/Ô)bÃAM .
The other problemis in the necessityto reducethe time of computations.Electromagnetic£eldsare
representedin theform of similar typeintegrals.This allows thecodeof theprogramto beparallelized
on different hosts.The useof High PerformanceFortan (HPF) directives [3] makes the. codeeasily
portable.Theachievedaccelerationis almostproportionalto thenumberof processors.

Thedevelopedalgorithmallows generalizationto thecaseof multiple layersin thecoatingandto more
generalcasesof anisotropy.
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Much of the recentinterestin non-equilibriuminducedtransportprocessesis concentratedon stochas-
tically driven ratchets.The developmentof this subjecthasbeenmotivatedby the challengeto ex-
plain unidirectionaltransportin biological systems.The novel synthesisof moleculardevices,includ-
ing moleculesableto produceunidirectionalrotary motion,hasalreadybeenreported[1], anda clear
understandingof theenergeticsof spatiallyhomogeneoussystemsis requiredto de£neoptimal ratchet
models.Kamegawaet al. [2], following theargumentsdevelopedby Sekimoto[3], formulatedtheener-
geticsof theforcedthermalratchetconcludingthatthepresenceof thermal¤uctuationscannotincrease
the ef£ciency of the energy transformation.This result was in contradictionwith the claim madeby
Magnasco[4] andthe later£ndingsof Danandcoworkers[5] on inhomogeneousrocked systemswith
spatiallyvaryingfriction coef£cient,thatthereis a regionof theoperatingregimewheretheef£ciency is
optimizedata£nitetemperature.

A forcedthermalratchetis describedby theLangevin equation:

à¥kZ%x@Ð _v��JL¥±M � �ÆJLâbM � g'è ~ ��X�JLâbMh) (1)

where�9JL¥RM is theratchetpotentialincludinganexternalloadagainstglobalmotion,and �ÆJLâbM anexternal
¤uctuatingdriving force. It is known that both the currentand the ef£ciency do not admit analytical
solutionsfor ageneralforcingandarbitrarypotential.It is alsoknown thattheassociatedFokker-Planck
equation,underthe assumptionof the probability densityto be periodic in time andspaceÏÆJL¥R),â|MÎZ
ÏÆJL¥ � �Û),â|MVZÌÏÆJL¥R),â � /`M , canbe analyticallysolved for a constantexternaldriving force [4]. If we
think with a slow forcing �VJLâ|M comparedto any other frequency in the problem,the averagecurrent
canbede£nedby

	 Z �� �½ �¹JL¥±),âbMhÒbâ , being�¹JL¥±),âbM theprobabilitycurrent.Thelatterresultwasusedby
Kamegawaetal. to treatthecaseof a¤uctuating�ÆJLâbM of squarewaveform of amplitude

$
andperiod/ .

By numericalintegratingof theLangevin equation,wehavecomputedtheaveragecurrentandef£ciency
of anoverdampedBrownianparticlemoving in anasymmetricpotentialandsubjecttoanexternaldriving
force. We found that there is a regime wherethe ef£ciency can be optimizedat £nite temperatures,
contradictingtheresultsof Kamegawa et al.. This, in fact,provesthatthermal¤uctuationscontribute to
theef£ciency. We alsofoundtheconditionsfor achieving maximum¤ux andef£ciency aredifferentas
claimedin previousinvestigations.Thein¤uenceof thesequantitieson theperiodof theexternaldriving
forceis discussedandwe show thatthetheoreticalresultsarevalid only in thelimiting caseof /ù� � .
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Oneof the mostpracticalbene£tsof utilizing a virtual reality systemin scienceis to make it possible
to percepta really tangledcomplex phenomenonin an intuitive way. We have developeda virtual re-
ality systemcalled“CompleXcope”.This CompleXcopeis designedsothatnot only three-dimensional
objectsbut alsoanauditoryenvironmentcanberepresented.

TheCompleXcopeis aprojection-basedVR systembasedonCAVE system[1] thatis developedatElec-
tronic VisualizationLaboratory, University of Illinois at Chicago.This systemhasfour screenswhose
sizeis 10 feetx 10feet.Thescreensaresetup in a cubemadeof threerear-projectionscreensfor walls
anda down-projectionscreenfor the ¤oor. This virtual reality systemalsohas3D-soundsystem.The
3D-soundsystem[2] is very powerful tool to representmorecomplex numericalsimulationresult.

Thisvirtual realitysystemis veryusefulto representandanalyzecomplex physicalsimulationresult.But
it is dif£cult to communicatewith otherresearchersaboutsimulationresults,sincethis systemis very
large andnot portable.So it is very importantissueto constructa multilateralcommunicationnetwork
systemwhereany researcherin any remotesite (virtual reality space)canequallyobserve simulation
resultfrom any point, takeaninitiative actionin controllingthedisplayof theimagein virtual spaceand
thecontrol is transmittedsimultaneouslyto all sites.By this realization,collaborationamongdifferent
sitesbecomespracticaland realistic.The secondissueis dif£culty of controlling the virtual objects
(representedsimulationdata)with generalinput device. A voicecontrol is very suitableto control in a
virtual reality space.

In this study, we developednetworked virtual reality systemandspeechrecognitionsystemto control
virtual objects.

Fig. 1. NetworkedVirtual RealitySpace
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Recently, therehasbeendonemuchefforts to studythedynamicsof multi-agentsystems.Thedynamical
resourceallocationis aninterestingsubjectin this£eld.In caseof two resources,HoggandHuberman[1]
consideredthedynamicsof systemscomposedof interactingagentsmakingdecisionsbasedonimperfect
anddelayedinformation.They proposedarewardmechanismto stabilizechaoticbehavior of multi-agent
systems.UshioandInamori[2] haveextendedthisagentmodelto thecaseof adiscretetime.In thispaper
westudythedynamicalbehavior of anindividualagentsin thediscretetimeHogg-Hubermanmodel.The
probability K2Jhè � $'M thatanagentutilizesresource1 atdiscretetime Jhè � $'M is assumedto be

K2Jhè � $'MÛZÎ� � Jhè�M � �±^<B � Jhè�M¦x�� � Jhè�Mhc') (1)

where � � Jhè�M is the fractionof agentsusingresource1 andis givenby � � Jhè�M¶Záª � Jhè�Mh=�ª . Here ª � Jhè�M
is numberof agentsusingresource1 and ª is total numberof agents,and � denotestheratio of agents
reevaluatingthe choiceof resourcesto all agents.The probability that agentswill preferresource1 to
resource2 is expressedby

B � Jhè�M²Z
$
g $ � E ��� â � J�� � Jhè xÃ/`MhM¦x â �AJ��|�'JhèÆxÃ/`MhM

3 gL2 ) (2)

where E ����JL¥±M is errorfunction,and 2 is theuncertaintyof informationand/ is a timedelayof informa-
tion.Thepayoff functionsaregivenby â � J�� � M²Z/. � Í�� � x[Jh$':'='£'M�� �� and â �AJ��|�'M²Z%Í�xn£��|� . Eqs.(1)and
(2) describethedynamicsof our system.Thenwe discusseffectsof tirednesson thedynamicalbehav-
ior of individual agents.We introduce”a Rule for Alternationof ResourceUse” asfollows; if anagent
utilizessuccessively oneof resourcesfor awhile, it mustuseunconditionallyanotherresourceafterthat
time. We de£nea parameter��6 asthenumberof times,which anagentis fed up with useof resource�FJD�yZ $')bg'M . We performnumericalsimulationsfor this system.Whenthereis a strongtirednessof
agentsdescribedby � � Z%$')b�F�VZ%g , thechaoticbehavior of � � is suppressed.As theparametervalues
becomelarger in the system( � � Z $'&')b�F�FZ $'& ), it is seenthat the behavior of individual agentsis
almostsameasthatof theconventionalagentsystemwithout thetirednesseffect. Finally, we conclude
thatthetirednesseffect of individual agentscanfreezeout thechaoticbehavior in thesystem.
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Thequantumspectralstatisticalproperties,i.e. thenearestneighborlevel spacingdistribution(NNSD),
thespectralrigidity etc.of a spin-1/2particlein three-dimensionalcoupledquariticoscillatorpotential
arenumericallystudied.TheHamiltonianthatwe chooseis

D Z $ g K
� _ � K � a � K � · � ¥ � � $g £ � � $

$'& Ã
�

� $'g<¥ � £ � � $<.'¥ � Ã � � $':y£ � Ã � � � � Ã*J���¥ � 7J£�M �oW �à�F® � © (1)

where�ÎZ ¥ � � £ � � Ã � �¬« � , � and � representangularmomentumandspinoperators.Notethatweset
dimensionlessunits: ZP+ Z¤$ , where+ is themassof theparticlein thesystem.Changingcoupling
parameters:� , 7 and W , the systemis continuouslytransformedfrom an integrableto chaoticones.In
thechaoticregime,selectingnon-zeroparameters,variouskindsof ensembles:GOE,GUEandGSEcan
be achieved [1]. Especiallythe mode¤uctuationdistribution(MSD), the interpolationformulaeof the
PoissonianandtheWignerdistribution for theNNSD andthealternatelevel spacingdistribution(ASD),
which is obtainedby pickingoutevery secondlevel, arecarefullyinvestigated.

In order to have reliable statisticsof quantumlevels, it is necessaryto evaluatethousandsof energy
levels from the groundstatewithout missing.We computethe quantumenergy levels by numerical
diagonalizationof the truncatedmatrix of the Hamiltonian(1)in the basisof harmonicoscillators.If
thereis nospin-orbitinteractiontermin (1), thecalculationwouldbeableto startwith thesystemof the
superpositionof threetruncatedharmonicoscillators[2] [3]. In thiswork, however, themethodhasbeen
developedto work with thesphericalBesselfunctionsandthesurfaceharmonics.

It is foundthat theMFD is moresensitive to the integrability of thesystemthanthechaoticity. In spite
of the lack of the physicalmeaning,the Brody distribution and its variation that we proposedwork
moreproperlyasthe interpolationformula thanotherdistributionswith somephysicalmeanings.It is
interestingthattheASD of GOEsystembecomesindistinguishablefrom theNNSD of GSEratherthan
the ASD that is madefrom the Wigner distribution [4]. The ASD canbe alsothe useful interpolation
formulaastheBrodydistribution is.
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Randomimperfectionsintroducedin themanufacturingprocessof opticalwaveguide,while they canbe
small,cancreatesigni£canteffectsin a£berover longpropagationdistances.And, in fact,understanding
theeffectsof uncertaintyin £berpropertiesonlight propagationhasbecomecrucialto thedesignof high
capacity/low failuresystems[1]. Our work in this directionentailsthestudyof oneparticularlyrelevant
and characteristicmanifestationof randomimperfections,namelythoseassociatedwith the effect of
index variationson stability of vectorsolitons.We tacklethis problemthroughthe implementationof
perturbative methodfor Manakov system.Therelevantequations,in dimensionlessunitsreadas[2]

À O · � $g O <#< � J + O + � � + � + � M O ZXéäã�) (1)

À � · � $g � <#< � J + � + � � + O + � Mh�¤Z%éÊå�© (2)

Here
O

and � representthecomplex envelopesof thetwo orthogonalpolarization’s of a transverseelec-
tromagnetic£eldin acubicnonlinearmedium,and éæã and éÊå representtherandomperturbationterms,
which areassumedto be relatively small.Whenever é@ãPZ éÊå;Z & , thereareonesoliton solutionof
Eqs.(1)and(2)[2]. Theparticularmodelwhichhave beenstudied,is thatof avectorsolitonpropagating
in aweakdisorderedpotentialmadeupof many randomlyplacedcopiesof abasicscatterer, i.e.

éäãHZ Ç x s�x Y JLâRxkâUxeM O )bé)åyZ Ç x sjx Y JLâ´xkâ�x,Mh�
wherethe locationsâ x and the strengthss x arechosenrandomly. This modelwas £rst studiedin the
work [3] for scalarNSE solitons.We proposethe following way to considerthe problem.Assuming
that the scatterersareweakit is possibleto useperturbationtheory[4] to calculatethe scatteringof a
soliton.Thisgivesanexpressionfor theparametersof thetransmittedsolitonin termsof theparameters
of theincidentsoliton.Then,undertheassumptionthattheaveragedistancebetweenscatterersis much
greaterthanasolitonwidth, it is possibleto derive thediscretedynamicalsystemwhichrelatethesoliton
parametersafter ! th scatteringeventto thesolitonparametersafterthe JL! � $'M th scatteringevent.Taking
thecontinuumlimit of this systemleadsa setof ordinarydifferentialequationsfor evolution of soliton
parametersasa function of the numberof scatteringevents.Analysisof theseequationsgive the £nal
stateof solitonparametersaftermany scatteringevents.To verify theapproximatetheoreticalresultswe
performextensivenumericalexperiments.Whenkineticenergy of thesolitonis comparableto theheight
of thepotentialtherearisesthepossibilityof new phenomena,includingcaptureof andtotal re¤ection
of asoliton.Wehave observedsimilar phenomenain numericalsimulations.
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The time-independentquantumscatteringproblem[1] consistsin solving the radial Schr̈odingerequa-
tion, with kineticenergy � andpotential � , atenergy Ù andangularmomentumÑ :

JL� � ��MLµêZ%Ù�µp) ÙGZXè � ='g<+
µpJD�@� �qM²�è�yM�JhèH�àM �Ãé�êyë %�M7Jhè�M !ìM7JhèH�àMh© (1)

Theboundaryconditionrequiresthesolutionto behaveasymptoticallyasacombinationof thefree-space�yM (Bessel)and!ìM (Neumann)functions.Thedeterminationof thephaseshift%�M7Jhè�M is theobjective of the
scatteringcalculation.

The
	

-matrix method[2] converts (1) by representingthe solution in a harmonicor hydrogenicbasis
^�ß  M7cb �íDî � ?  ½ ADß ( M + � � � + ß  MJE W  M¦ZXÙ W ( MW  =v? ] M�� W | M Jhè�M �Ãé�êyë %�M7Jhè�M W   M (2)

Thekinetic energy matrix hasJacobi-structure,i.e. is tri-diagonal,andtheasymptoticboundarycoef£-
cientscanbedeterminedin closedform [2]. Truncatingthepotentialmatrix to £nitedimensionª allows
oneto solve the ª � $ equationsfor the unknowns J W ½ Me) W � M7)b©b©b©u) W � ��� M7) é�êyë %�M�M . We only considerthe
caseof theoscillatorbasis.

Theproblemwith thismethodis thatfull convergenceoftenrequireslargedimensionª of thematrix � .
Calculationof thematrixelementscontributesheavily to thecostof themethod,makingit scaleas ª � .
Weaddressthisproblemby introducingasymptoticapproximationsfor thelarge ! matrixelements,e.g.
for thewavefunction

ADß  =@? ] M + µÖMJE´� 3 gL7 é  M µÖM�Jhé  M�M � Jhx $'M  3 g�7 ��� 0  M QµÖM�J�0  M�Mh) (3)

where QµÖM is theFouriertransform,7 theoscillatorlengthand é  M and 0  M theclassicaloscillatorturning
point in real andFourier space.A similar approximationholdsfor the potential.Suchapproximations
arederived from thestrongoscillatorybehaviour of the ß  M as !%� � [3]. Theeffect of thepotential
at large ! canthenbeabsorbedin thetri-diagonalstructureof thematrix. Theresultis a matrix that is
full atsmall ! andtri-diagonalat large ! . Wesolve (2) in a two-stepprocedure:thetri-diagonalmatrix is
solvedasathree-termrecurrencerelationandmatchedto theremaininglinearsystem.Thusonly a£xed,
smallpotentialmatrix needsto becalculated.

Theresultis asigni£cantspeedupof theconvergencein themodi£edoscillator
	

-matrixmethod,which
now scaleslinearly with ª . A numberof examples,bothfrom molecularandnuclearscatteringwill be
discussed.
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Theincreasingtraf£c densityon roadsin thelastdecadestogetherwith measurementsshowing charac-
teristic¤ow features,i.e. thefundamentaldiagram,inducedawidespreadof theoreticalmodels.Similar
to physicstheseareroughlyclassi£edasmicroscopic,mesoscopicandmacroscopic.Wheremicroscopic
modelsarebasedon singlecarbehavior usingcomputersimulationsanalogousto moleculardynamics
or particlehopping,macroscopic¤ow modelsconstructtime developmentequationsfor thecardensity,
meanvelocity, etc.following theideasof continuummechanics.Betweenbothmesoscopicmodelsfocus
in the constructionof equationsfor stateprobability functionsof singlecarsor car clusterswhich are
oftenof Boltzmannor Enskogtype.Modelsbasedonsinglecarstatesarecalledkineticbecausethestate
is givenby spatialandpositive valuedvelocity coordinates.Like in gaskinetic theorytheinteractionis
assumedto bea jump processin thevelocityvariable[1].

The mesoscopicmodelintroducedhereextendsthestatespaceby addingtheaccelerationvariablebe-
causedriver behavior controlsthe local ¤ow by changingtheaccelerationonly. Theduranceof sucha
changeis muchshorterthanany otherkinematictimescaleof theprocess.Thereforeapproximatingthe
processby accelerationjumpsseemsto be applicableeven at highercar densities.Assumingthat the
leadingcar pair distribution follows a Markov process,introducinga specialvehicularchaosansatzin
singlelanetraf£c without overtaking,anEnskog like masterequationfor thesinglecarstateprobability
densityis found.Detailsareshown in [2].

The standardtestsystemof traf£c ¤ow modelsis a ring-roadwithout any entranceor exit anda £xed
numberof vehicleson it. Herethebehavior of thecharacteristic¤ow variablesin stochasticequilibrium
(i.e. the fundamentaldiagram)areof specialinterest.Becausethis systemis spatialsymmetric,a ho-
mogeneoussolutionmustexist. In this casethemodelequationsimpli£esto a Boltzmanntypeequation
which is only solvableanalyticallyfor academicinteractioncases.It is widely acceptedthat in reality
driver interactionbehavior is thresholdoriented.For the analysispresentedherea distancethreshold
interactionis adoptedfrom anotherkineticmodel[3].

Thenumericalsolutionis doneby usingamodi£edNanbu directsimulationMonteCarloalgorithmfrom
gasdynamicswith stepsizecontrolto thehomogeneouscase.For all calculationsacommercialPCwas
usedcodingin FORTRAN 95 [4].

Theresultingvelocityandaccelerationdistributionsaswell astheir meanvalues,variancesandcorrela-
tionstogetherwith theirdependenciesarediscussed.They arefoundto bein goodagreementwith other
modelsor measurements.
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The predictionof the strengthof the electrorheological(ER) effect is a long-standinggoal to achieve
becauseof the implication of ER ¤uids in technologicalapplications[1]. In deriving the inducedin-
teractionsbetweenpolarizedparticlesin ER ¤uids,existing theoriesassumethat the particlesare at
rest.In realisticsituations,the¤uid ¤ow exertsforceandtorqueon theparticles,settingtheparticlesin
both translationalandrotationalmotions.To gainsomeinsight into thephenomenon,we have recently
proposeda model,which describesthe relaxationof polarizationchargeson thesurfaceof a uniformly
rotatingparticle[2]. Weshowedtherotationalmotionof theparticlesreducestheinducedforcesbetween
theparticles.In this work, we furtherconsidera rotatingsphericalparticleplacedin front of a substrate
interface.Again, therotationalmotion leadsto a redistribution of thepolarizationchargeon thesurface
of theparticleandhencechangestheforcebetweentheparticlesandthesubstrate.

For a rotating dielectric spherein an electric £eld, the rotationalmotion leadsto a displacementof
its polarizationchargeson the surfaceof sphere.As a result,thereis a changeof the dipole moment,
describedby

°�%i °K , where
°� is theangularvelocity and

°K is thedipolemomentof therotatingsphere.
The surfacechargesalsosuffer from relaxationof variouskinds,andthe rateof changeof the dipole
momentis describedby xÆJ °K�x °K ½ Mh=y/ , where/ is a relaxationtime.Thetwo effectshave to bebalanced
againsteachother, resultingin asteadystatedipolemoment,whichdeviatesfrom theequilibriumone

°K ½ .
Thedeviation dependson theangularvelocity of theparticle.Theinteractionforceis dueto themutual
polarizationbetweentheparticleandthesubstrateinterface.Thetotalpolarizationof theparticleandthe
interfaceis calculatedby a multiple imagesformula [3], which hasbeenshown to be accurateby our
integral formalism[4].

Weshow thattherotationalmotionof theparticlesgenerallyreducestheforce.Thedependenceof force
on theangularvelocity of rotationwill beinvestigated.We will discussthecaseof uniform rotationbut
theextensionto asinusoidaloscillatoryshearmotionis straightforward.
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Wepresenttheapplicationof variational-waveletanalysisto numericalcalculationsof Wignerfunctions
in (nonlinear)quasiclassicaldynamicalproblems.(Naive) deformationquantizationandmultiresolution
representationsarethekey points.

Weconstructtherepresentationvia multiscaleexpansionsin generalizedcoherentstatesor high-localized
nonlineareigenmodesin thebaseof compactlysupportedwaveletsandwaveletpackets.

Our approachis basedon extensionof our variational-wavelet approach[1]-[2]. Wavelet analysisis
someset of mathematicalmethods,which gives us the possibility to work with well-localizedbases
in functional spacesandgives maximumsparseforms for the generaltype of operators(differential,
integral, pseudodifferential) in suchbases.Thesebasesarenaturalgeneralizationof standardcoherent,
squeezed,thermalsqueezedstates,whichcorrespondto quadraticalsystems(purelineardynamics)with
GaussianWignerfunctions.

So, we try to calculatequantumcorrectionsto classicaldynamicsdescribedby polynomialnonlinear
Hamiltonianssuchasorbital motion in storagerings,orbital dynamicsin generalmultipolar £eldsetc.
from papers[1]-[3].

The commonpoint for classical/quantumcalculationsis that any solutionwhich comesfrom full mul-
tiresolutionexpansionin all space/time(or phasespace)scalesrepresentsexpansioninto aslow partand
fastoscillatingparts.So,wemaymovefrom thecoarsescalesof resolutionto the£nestonefor obtaining
moredetailedinformationaboutourdynamicalclassical/quantumprocess.In thiswaywegivecontribu-
tion to our full solutionfrom eachscaleof resolution.Thesameis correctfor thecontribution to power
spectraldensity(energy spectrum):we cantake into accountcontributionsfrom eachlevel/scaleof res-
olution.Our (nonlinear)eigenmodesaremorerealisticfor themodellingof nonlinearclassical/quantum
dynamicalprocessthanthecorrespondinglineargaussian–like coherentstates.Wementiononly thebest
convergencepropertiesof expansionsbasedon wavelet packets,which realizethe so called minimal
Shannonentropy property, save CPUtimeandHDD space.

Wepresentnumericalcalculationsof Wignerfunctionsassolutionsof (non)stationaryWignerequations
for a few modelsof beam/particlemotions,whichexplicitly demonstratequantumbehaviour properties.
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Shiftedcontour(SC) auxiliary £eldMonteCarlo (AFMC) for electronicstructureis a new methodfor
accurateelectronicstructurecomputationsin molecules[1-2].We describethemethodandgive several
applicationsthatdemonstratethehigh accuracy achievablein molecularelectronicstructure,including
forcecomputation[3],excitedstates[4]usingtherecentlydevelopedcorrelatedsamplingandamultiref-
erencevariationalversionof the method.The methodis also applicablefor treatingHubbardlattice
models,without any restrictionasto the rangeof the electroninteraction.Applicationsfor computing
groundstateenergiesfor largelatticesareshown.
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Sensitivity methodsdirect applicationto the variationalinequalityformulationof the equilibrium net-
work ¤ow problemis not feasiblesinceits solutionsdo not typically satisfythelocal uniquenesscondi-
tions required[1]. Tobin andFriesz[2] proposedanapproachfor thesensitivity analysisof equilibrium
network ¤ow problemswhich restrictsthat thenumberof pathswith positive ¤ow is lessthanor equals
to thenumberof arcsplusthenumberof origin-destinationpairsin thenetwork of interest.Choetc.[3]
proposedareductionmethodfor localsensitivity analysisof network equilibriumarc¤owswhichallows
standardsensitivity techniquesfor variationalinequalities.Cho andLo [4] proposeda Moore-Penrose
generalizedinversemethod,in termsof arcvariablesandwhichsatis£esthelocaluniquenessconditions.

In thispaper, basedonuseof theMoore-Penrosegeneralizedinverse,anew parallelsimulationusingthe
dynamicloadbalancingapproachis presentedandsuccessfullyappliedto fastsimulatethecharacteris-
tics of thesensitivity of equilibriumnetwork ¤ow. Thedevelopedsimulatorbasedon Jacobianiterative
method,parallelprocess,Frank-Wolf methodhasbeendevelopedandimplementedon a 16-processors
Linux-clusterwith messagepassinginterface(MPI) library. Due to the robust featuresof the method,
theproposedparalleldomaindecompositionalgorithmreducessigni£cantlytheexecutiontime up to an
orderof magnitude.

The£gureshows thenetwork of SiouxFallsCity. Weconcludethatthegeneralizedinversemethoddoes
provide a tractablemeansof overcomingthelocal uniquenessdif£cultieswhich arisein applyingsensi-
tivity techniquesto network problems.Furthermore,a domainpartitionapproachto a parallelspeedup
andload balancingon a 16-CPUsLinux-clusterwith MPI simulationof the sensitivity of equilibrium
network ¤ow hasbeenpresented.Our achievementof parallel performanceshows the computational
ef£ciency androbustnessof themethod.
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The physicsandapplicationsof Josephsonjunctionsis a very important£eld of the condensedmatter
physics[1]. The SuperconductingQUantumInterferenceDevice (SQUID) is oneof the mostsuccess-
ful devicesbasedon Josephsonjunctions.It is very sentitive to the magnetic£eld,beinglimited only
by thefundamentalquanto–mechanicalindeterminationprinciple.AlthoughSQUIDs have beenlargely
investigated,a differentcon£gurationinvolving asymmetricSQUIDs hasrecentlyattractedthe interest
of researchersfor their potentialadvantagesover the “traditional” ones[2]. In this work, we reporton
our stepstowardsthe building of a fastsimulationpackage,usinga parallelarchitecture,to studythe
behaviour of asymmetricdc–SQUIDs in thepresenceof intrinsic thermalnoise.Thegoal is to provide
“quick & fast” informationfor theoptimizationof theSQUID designandfabricationprocess,andfor the
understandingof experimentalresults.Theorganizationof theentirealgorithm,andtheuseof aparallel
architecturefor thesimulation,furnishesresultsin a comparatively shorttime with respectto thatnec-
essaryon a sequentialarchitecture.The iterative processof simulationcanbe extremelyusefulfor the
understandingandoptimizationof the characteristicsof thesedevices,provided that the iterationtime
couldbekeptshortenough.Thesimulationallows to obtainsimultaneouslythecharacteristicfeaturesof
thedevice, theSQUID voltageandthelow frequency powerspectrumamplitude,for differentparameter
values.In orderto optimizecomputationaltime, theSQUID voltageis averagedover theminimumtime
neededto obtainthesinglepointsof theoverallvoltage-¤uxcharacteristics.Moreover, only in theregion
of physicalinterest,theaveragetime hasbeenautomaticallyincreasedof a factorof 100,increasingthe
outputprecision.In sucha way, a strongreductionof the scatteringof outputdatahasbeenachieved.
During the activity of settingup the codefor the simulation,we have optimizedthe serialcomponent
of thealgorithm,reducingof about40% thecomputationaltime, by meansof a compileroptimization
level activation.[2]. Furthermore,by thenaturalindependenceof thepointsof thevoltage–¤uxcharac-
teristics,it waspossibleexploiting the availableresources,CPUs,obtaininga quasi–linearspeedupin
generatingpoints.This kind of approachis promisingfor designingnew devicescharacterizedby high
magneticsensitivity. Resultsof simulationareobtainedin very shorttime. Indeed,timesnecessaryfor
thegenerationof thedevice characteristicsweredramaticallydecreased,dueboth to codeoptimization
andavailability of multiple CPUs.
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MonteCarlomethodscanreproducetheoreticallyany processwheretheinteractionprobabilitiescanbe
expressedstatistically, suchasinteractionof electronswith matter. Using”randomnumbers”,computers
are able to createa statisticalhistory for the life of eachparticle.That is, an individual particle can
experienceseveralscatteringinteractionsbeforeabsorptionor leakagefrom thesystem.[1]

In this article,a simpleMonte Carlo procedureis describedfor simulatingthe multiple scatteringand
absorptionof electronswith theincidentenergy in therange1-50keV moving throughaslabof uniformly
distributedmaterialof givenatomicnumber, densityandthickness.[2]

Thesimulationis basedon a screenedRutherfordcross-sectionandBethecontinuousenergy-lossequa-
tion. [3]

A FORTRAN programis written to determinebackscattering,transmissionandabsorptioncoef£cients,
providing theuserwith a graphicaloutputof theelectrontrajectories.Theresultsof severalsimulations
arepresentedby usingvariousnumbersof electrons,showing a goodagreementwith the experiment.
Theprogramis usedto analyzetherelationbetweentheenergy andtherangeof electronin theslab,the
backscattering,absorption,transmissioncoef£cientsandtheangulardistribution.

We canapply this techniqueto the transportpropertiesof theelectronthroughthebody tissueaswell.
[4] Dividing mediainto severalparts(threein ourwork) of differentmaterialsdoesthis.
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Recently, substantialdevelopmentshave beenachieved in methodologicalaspectof worldline quantum
MonteCarlo(QMC) simulations[1]. Obviously, theseinnovationshavebeenbroughtby naturesof clus-
tersconstructedby the Fortuin-Kasteleyn (FK) mapping[2]. We proposeoneextensionof the cluster
algorithm,wherea part of interactionsis managedvia the FK clustersand the rest via the so-called
Hubbard-Stratonovich (HS) £elds[3]. Thesetwo kindsof auxiliary variableshave beensofar indepen-
dentlyusedin eachcontext, while their aimsareboth in expandinginteractingsystemsby somemore
preferable/tractableones.Therefore,wegivea£rstformulationof MC algorithmin theextendedcon£g-
urationspaceincludingthesevariables.

To maketheideaconcrete,weconsiderthe � Z �� XXZ chain:̄ Z x � _x � _x « � � � ax � ax « � � s � ·x � ·x « � ©
We separatetheHamiltonianinto two parts,wherethe£rst (second)part is treatedby theFK mapping
(HStransformation).Speci£cally, hereweset̄ � Z ó©xb®Uó�x « � and̄ � Z%å � ·x � ·x « � with åô�ªZõs¬x¿$ .
Then,we obtainthe path-integral representationof the partition function which is describedby a sum
in the extendedcon£gurationspaceas �Ì8 �¹] ö*] ã ÷ � J � ) â M ÷ � J � ) O Mh) where � , â , and

O
denote

a setof spinson the space-timesites,graphson the interactingplaquettes,andauxiliary £eldson the
space-like bonds,respectively (seeFig. 1). For a given � , the ways to generateâ and

O
arede£ned

by ÷ � J � ) â M and ÷ �AJ � ) O M . The spin con£gurationis updatedaccordingto the dynamicsof clusters
in random£elds;we £ndthat theZeemancouplingbetween£eldsandspinsplaysa centralrole in our
algorithm.

We alsoclarify thatour new algorithmpossessesa computationallytractablecontinuous-timelimit and
maintainsadvantagesof the original clusteralgorithm.As a demonstration,simulationsareperformed
for the � Z �� XXZ chain,wherethe staggeredcomponentof the spin correlationfunction, tVJ À M , is
calculatedin thegroundstate.Figure2 shows that theobtaineddata(marks)agreewell with theexact
results(dottedlines)in theasymptoticregion (À � � ).

Ouralgorithmis applicablefor Hubbard-typemodelswhicharerelevantto thehigh-� d superconductivity
andfurther, it canbealsoappliedto classicalsystems.
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Thereis increasinginterestin thedynamicsof one-dimensionalsystemsof many colliding elasticparti-
cles.Thesesystemsarenotonly usedto demonstratethelaw of conservationof momentumbut alsohave
importanttechnologicalapplicationssuchasto theproposedfail-safepellet suspensionreactorswhere
the dynamicsof many suspendedandcolliding fuel pelletsaffect the stability of the facility [1-3]. In
studyingthedynamicsof thesemulti-particlesystems,themotionof eachof theseveralparticleshasto
beknown evenasthey moveandcolliderepeatedlywith eachother. Thiscouldbedoneby computational
simulationusinganappropriatemodel.

In this work, the dynamicsof a systemof n = 100 particlesmoving andcolliding elasticallyin a one-
dimensionalspaceor constrainedto move andcollide on a line boundedby elasticendwalls is studied
by computationalsimulation.Theinitial positionsandvelocitiesof theparticlesareassignedusingtwo
different randomnumbergenerators.Two differentmodelsareusedin the simulation.In onemodel,
calledthe collisional model,the collision betweenparticlesis regardedasan exchangeof momentum
so that a given particle moves until it collides andexchangesmomentumwith oneof its neighbours
therebychangingits directionbut never passingits neighbours.However, in thesecondbut contrasting
and simpler model, called the free model, the collision is interpretedas an exchangeof position so
thateachparticleeffectively movesfreely without collision throughouttheone-dimensionalspace.The
resultobtainedfrom eachmodelis depictedasa tone-saturationfunctionof coordinateandtime. Also
the particlecurrentdensitiesandrelaxationtimesarecalculatedfor the models.A comparisonof the
two setsof resultsobtainedfrom the two modelsshows that they arevery similar thus justifying and
encouragingtheuseof thesimplerfreemodelfor studyingthedynamicsof one-dimensionalsystemof
interactingmulti-particlesystems.
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Dynamicsof classicalIsingspinsystemshavebeenstudiedextensively usingtheGlauberdynamic[1]. In
aweakcouplinglimit, Martin [2] derivedtheGlauberdynamicstartingwith aquantumHamiltonianthat
consistsof a spinexchangetermanda linearcouplingtermto a fermionicthermalheatbathattachedto
eachspin.In thiswork,wederiveexplicitly therelationshipbetweenMonteCarlotimeandphysicaltime
usinga quantumHamiltonianwith aphononheatbathinteractingwith asquare-latticenearestneighbor
Ising ferromagnet.Sincechangingthemicroscopicdynamiccanchangethedynamicsof thesystembut
not the statics,we apply the calculatedtransitionratesto the Ising ferromagnet,measurethe lifetime
of the metastablestate,andcomparethis phonondynamicwith the Glauberdynamicasa function of
temperatureandmagnetic£eld.In orderto derive thetransitionrates,we considerthat thephononheat
bathis attachedto eachspinandthat thecouplingbetweentheheatbathandthespinsystemis linear.
Assumingthatthecorrelationtimeof theheatbathis muchshorterthanthetimeof interest,we integrate
outall degreesof freedomof theheatbath.Thetransitionratefrom the Ñ -th to the è -th eigenstatesof the

spinHamiltonianwith atwo dimensionalphononheatbathisgivenby ÷ �A] M Z ÿ ������   5 � r���� � � � w ��h� G	��
��� � ��� ��� . Here

å is acouplingstrength,B is amassdensityof theunit cell consistingof onespin, W is thesoundvelocity,
�OZÆ$'='è ~ � , and Ù M is theenergy eigenvalueof the Ñ -th eigenstateof thespinHamiltonian.This transition
ratesatis£esdetailedbalanceandwe obtaindifferent transitionratesdependingon the dimensionality
of the heatbath.The phonondynamichastwo major differencesfrom the Glauberdynamic:(i) the
energy differencein thenumerator, (ii) theminussignfrom thebosonicdistribution in thedenominator.
To measurethe lifetime of the metastablestate,we performdynamicMonte Carlo simulationsusing
AbsorbingMarkov Chains(MCAMC) [3] with both theGlauberandphonondynamicsto simulatethe
long timesrequired.Our MCAMC datashow that thephonondynamicgives£eld-dependentprefactors
in the lifetimes at low temperaturesdifferent from the Glauberdynamic,which haspiecewise £eld-
independentprefactors.Onestriking effect of thephonondynamicis thatthelifetime prefactordiverges
at low temperaturesas

+ D + �qg 	 or . 	 , becausecertainkindsof spin-¤ipsarenot allowed.Theaddition
of a small transverse£eld to thespinHamiltonianpreventsthe lifetime prefactorsfrom diverging near+ D + ZÆg 	 , . 	 .
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Using a recentlydevelopedPath Integral MonteCarlo (PIMC) codethathasbeenshown to reproduce
accuratelytheenergeticandcon£gurationalpropertiesof thesingleFröhlich polaron[1], we investigate
theeffectof Fröhlich likeelectron-phononinteractionsonthepropertiesof interactingcoulombsystems.
Of specialinterestto us is themechanismof themeltingof thepolaronWignercrystalwhich hasbeen
investigatedtheoretically[2] on thebasisof theFeynmanvariationalmethod.A qualitative andquantita-
tive studyof thismechanismcouldberelevantto understandtheroleof long rangeunscreenedforcesin
theCuO planeof thehigh temperaturesuperconductors( D � � t ). Biasedby the interestingproperties
of low dimensionalcuprates[3], we embarkin thestudyof two dimensionalpolarongas.

We limit the preliminarystudyat densitieslow enough(� Cm� :'& ) for Fermi statisticsto be ignoredso
thatwe assumeBoltzmannstatisticsin theliquid phase.In theabsenceof electron-phononinteractions,
we£ndagreementwith recentdatafor themeltingtemperatureof thequantumtwo dimensionalelectron
gas[4].

WehaveinvestigatedFröhlichtypeelectron-phononinteractionswith phononfrequency �±���/Z%g'Í'©ªg<+ E � ,
typical of low dimensionalcuprates[2], at intermediatecoupling �Z g'©ª$'g . At thoselow densities,the
maineffect of theelectron-phononinteractionsis theparticleself-trappingwhile theinterparticleeffec-
tiveattractionisaminoreffect.In theintermediatecouplingregimeelectron-phononinteractionenhances
thestructureof theliquid asif theparticlemasswasaugmented.On theotherhandweemphasizeasthe
densityeffect(Coulombcoupling)providesafurtherincreasesof particlelocalization,by comparingsin-
gleparticlepropertiesof thepolarongas(effectivemassandcharge-inducedchargecorrelationfunction)
with singlepolaronresultsat thesamecoupling.At low temperature(� T �±��� ) coulombcouplingand
electron-phononself interactionarebothrelevant.With increasingtemperature,thecoulombinteractions
arewashedoutby thermaleffectsmuchearlierthantheself trappingdueto phonon,andthepolarongas
propertiesaredominatedby thesinglepolaronbehaviour.

Extensionof thepresentstudyto higherdensitiesis interestingasCoulombrepulsiongetsprogressively
screenedby theFermionicnatureof theelectrongas,andinterparticlephonon-mediatedattractioncan
becomerelevant. We are presentlyextendingthe codeto simulatefermionsin the framework of the
RestrictedPathMonteCarlomethod[5].
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Convectionproblemsprovide anappropriatephysicalsituationto studyorderandchaos,andto under-
standthegenesisandevolution of ¤ow patternswith Rayleighnumbers( éä� )[1]. Thestudyof bifurca-
tionsandstabilityin convective¤owsis usuallycarriedoutby time-forwardintegrationof thenonstation-
ary equations.This methodinvolvesCPU-timeconsumingcalculationsandis unableto follow unstable
solutionswhichmightbecomestablefor valuesof éä� strictly greaterthanthecritical ones.On theother
hand,methodsof weightedresiduals,with properlychosentrial functions,needfewer modesthanother
methodsusingdiscretizationof the¤ow region.

A numericalstudyof bifurcationsandstability of thestationaryconvective ¤ows in rectangularenclo-
suresheatedfrom below, hasbeencarriedout usinga Galerkinspectralmethod.The completesetof
trial functionsusedhasbeenchosenso that eachbasisfunction satis£esthe boundaryconditionsand
the continuity equation.Pressureis eliminatedandthe studyof stability of the steady¤ow reducesto
an eigenvalueproblem[2]. A continuationalgorithm,usinga modi£edNewton method[3], yields the
stationarysolutionsof thenon-lineargoverningequationsfor differentvaluesof éä� or theselectedcon-
tinuationparameter(aspectratios,Prandtlnumber, etc.).Stationarysolutionsneara bifurcationpoint
have beenfoundby standardbifurcationanalysis[3]. They aretakenasthe£rststepin thecontinuation
method.Both,stableandunstablebrancheshavebeenfollowed.Theeigenvalueproblem,associatedwith
stabilityanalysisof thenon-linearstationarysolutionsalongthebifurcatedbranches,hasbeensolvedus-
ing theQR algorithm.

The currentnumericalapproachhasbeenappliedto the Rayleigh-B́enard¤ow insidea cubicalcavity
heatedfrom below with éä� ascontinuationparameter. For éä� T $'& � four bifurcationsfrom the con-
ductive stateareidenti£ed.At the £rst transitionan ¥ –roll anda diagonal–rollare formed.While the
former is stable,the latter is slightly unstablewith instability increasingwith éä� . Thesecondbifurca-
tion yieldsanunstablefour–roll structurethatbecomesstablelateron.Thethird andfourthbifurcations
resultin highly unstablestructures.Other¤ow structuresshowing up at all secondarybifurcationsup to
éä�UZ Í@i/$'& � turn out to be unstable.Theseresultsagreewith previous numericalandexperimental
results[4]. The effect of changingaspectratioson the bifurcation éä� for rectangularcavities hasalso
beenstudied.It shows thatthereis acontinuousevolution towardsmultiplesingle–rollcon£gurationsas
thecavity elongates.
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Dissipative ParticleDynamics(DPD) is a mesoscopicsimulationtechniquethatallows oneto simulate
complex ¤uidsproblemsthatdealwith separatetimeandlengthscales.Themethodintroducedoriginally
asanhybridbetweenlatticegasandmoleculardynamicssimulations[1], hasprovento bea¤exible and
powerful tool in the studyof complex ¤uidsascolloidal suspensions,¤ow in porousmedia,polymer
suspensionsor multicomponent¤ows. Moreover, an energy conservinggeneralization[2] hasbeenin-
troducedextendingtherangeof applicabilityof this techniqueto nonisothermalsituations.

On the other hand,SmoothedParticle Hydrodynamics(SPH) is a well-known techniquefor the dis-
cretizationof the hydrodynamiccontinuumequations.SPHhasbeenrecentlygeneralizedin order to
includethermal¤uctuationsin a consistentway [3]. The methodhasbeennamedSmoothedDissipa-
tive Particle Dynamics(SDPD)sinceit capturesthe bestof SPH(Navier-Stokes solver) andof DPD
(hydrodynamic¤uctuations).

In this work we restrictourselvesto theheatconductionproblem,which hasbeentreatedrecentlywith
SPH[4] andwith DPD [5]. We show that by including thermal¤uctuationsinto the heatconduction
equationit is possibleto applythemethodsof kinetic theory. In particular, we show thatthewavevector
dependentthermalconductivity canbecomputedexplicitly. Therefore,weareableto quantifytheeffect
of thediscretizationon perturbationsof thesameorderof theinterparticledistance.
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Severalmethodshavebeendevelopedfor thepurposeof implementinga renormalizationgroupanalysis
within thecontext of aMonteCarlosimulation[1]. Thesemethodsshareanumberof advantages,includ-
ing greatgenerality, ¤exibility, andacertaindegreeof controloverbothsystematicandstatisticalerrors.
However, eachmethodalsohascertainlimitationsthatmake it worthwhileto explorenew approaches.

The two basicgoalsof suchcalculationsarethe determinationof the renormalizedcouplingsandthe
evaluationof the matrix of derivativesof the renormalizedcouplingswith respectto the original cou-
plings.The eigenvaluesof the matrix of derivativesprovide estimatesfor the critical exponents,while
thedeterminationof therenormalizedcouplingsallows usto locateboththecritical point of a modelof
interestandthe£xedpoint of therenormalizationgrouptransformation.

WebaseourworkontheBrandt-Ron[2] representationof therenormalizedspindistribution.By measuring
theprobabilitydistribution of agivenspinconditionalon thevaluesof spinsin its neighborhood,weare
ableto concentratethecomputationaleffort on thosecon£gurationsthatprovide theoptimuminforma-
tion onpropertiesof therenormalizedHamiltonian.Thisapproachis particularlyeffective in determining
thevaluesof intermediate-rangecouplingsthatarenormallydif£cult to computeaccurately. Weareable
to computeboththerenormalizedtrajectoryandthelocationof the£xedpointwith higheraccuracy than
previously obtainable.

Thedeterminationof therenormalizedcouplings[3] is associatedwith multi-grid simulationtechniques
thatgreatlyreducetherelaxationtimesof thesimulation.We areevenableto eliminatecritical slowing
down entirelyfor specialcases.

By expressingthederivativesof the Brandt-Ronprobabilitieswith respectto the couplingparameters,
weareableto computethematrixof derivativesthatenablesusto investigatetherenormalization-group
¤owsnearthe£xedpoint.

BoththeBrandt-Ronrepresentationof therenormalizationgroupandtheanalysismethodsbasedonit are
suf£cientlygeneralto enableusto analyzea varietyof systemsnon-Hamiltoniandynamicsin addition.
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Theproblemof sensitivity of nonlinearsystemlimit cycle with respectto smallstochasticdisturbances
is considered.Kolmogorov-Fokker-Planckequationgivesthemostdetaileddescriptionof suchsystem
probabilisticbehavior. However, thedirect usingof this equationis very dif£cult even for thesimplest
situations.Importantcasewhenstochasticdisturbancesaresmall leadsto famousproblemsof analysis
of equationswith smallcoef£cientsnearhigherderivatives.A new asymptoticapproachconnectedwith
usingof quasipotentialfunctionin stochasticanalysisis beingactively developed[1],[2].

Due to someparametrizationthe constructionof the £rst approximation(orbital quadraticform) of
quasipotentialis reducedto searchfor periodicfunction (sensitivity function).For theplaneorbit case
this functionis scalar. Sensitivity functionallows to comparethestability levelsof thedifferentpiecesof
orbit.

Stochasticsensitivity analysisfor aplanecyclecaseis consideredin [3] for Van-der-Pol oscillator. In [4]
for Brusselatorthecapabilitiesof thismethodto predictthetransitionto chaosaredemonstrated.

Expansionof this computationaltechniqueto sensitivity analysisof stochastic3D- cyclesis considered.
Theconstructionof a functionof sensitivity is reducedto thesolutionof somesingularboundaryprob-
lem for a matrix differentialLyapunov equation.Probabilisticinterpretationof this problemconnected
with linearstochasticsystemwith periodiccoef£cientsis given.Theiteratedmethodfor solutionapprox-
imationis constructed.Theconditionsanddegreeof convergencearediscussed.

The effectivenessof suggestedcomputationaltechniqueof sensitivity analysison the exampleof the
Lorenzmodelcyclessingularitiesis demonstrated.

This work is supportedby RFBRgrant(N00-01-00076).
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Particle-in-cell(PIC) simulationshave becomea standardresearchtool in spaceplasmaandlaboratory
plasmaphysics.Within this kind of simulationcodes,the electromagnetic£eld is de£nedon a spatial
grid, while the plasmaitself is modeledasan ensembleof hundredsof thousandsof particlesthat can
movecontinuouslythroughthesimulationgrid.

We have developeda three-dimensionalelectromagneticPIC codefor the simulationof ion thrusters.
Electronsandionsareinjectedspatiallylocalizedononesideof thesimulationboxandthenexpandinto
the3D computationalvolume.A straightforwardparallelizationof this codewasrealizedby anequidis-
tant,staticdecompositionof the physicalsimulationgrid in up to threedimensions.Eachprocessoris
assignedonedomain,andis responsiblefor the£eldupdateandtheparticleswithin thatdomain.

This equidistantdecompositionschememakessurethat the workloadfor the updateof the grid-based
electromagentic£eldisequallydistributedoverthePEs.Theparticles,however, causeastrongimbalance
of work. As they areinjectedin a spatiallyvery localizedregion, their distribution over thesimulation
volumeis highly inhomogeneous.Processors,whosedomainsareverycloseto or evenincludetheinjec-
tion plane,areresponsiblefor considerablymoreparticlesthanthosefar off, whichmight notevengeta
singleparticlethroughoutthewholesimulationrun.This renderstheparallelcodevery inef£cient.

A curefor theworkloadimbalanceassociatedwith aninhomogeneousdistribution of particlesin plasma
simulationswassuggestedby Liewer andDecyk [1]. In addition to the commonprimary equidistant
domaindecomposition,theseauthorsintroduceda secondarydynamicdecompositionfor theparticles,
which adjustsitself accordingto their momentarydistribution. This methodprovedto bequiteef£cient
for slightly inhomogeneousparticledistributions[2]. For thehighdegreeof inhomogeneityin oursimu-
lation,however, themethodof LiewerandDecyk turnedout to beinappropriate.

Basedon the work of Carretti [3], we thereforedevelopedanotherparallelizationstrategy, which suc-
cessfullyeliminatesthe particle associatedimbalanceof workload:All the particlesof a domainare
organizedinto smallergroups,which arethentradedindependentlyamongtheprocessorsaccordingto
their individualworkload.Processorswith lessor noparticlesin theirdomaintake oversomeof thepar-
ticlesof busierprocessorswithout interruptingtheir work progress.Theimplementationof this strategy
on the CRAY T3E of the Edinburgh ParallelComputingCentreandits effect on the scalabilityof the
simulationwill bedemonstrated.
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Classicalmoleculardynamics(MD) simulationsarea well establishedtool to studyequilibrium prop-
ertiesas well as the dynamicsof manybody systemslike strongly coupledplasmas.However, under
extremeconditionsof temperatureanddensityquantumeffectslike thewave natureof theparticlesand
their indistinguishability becomeimportant.A completequantumtreatmentis anextremelydemanding
taskas the ��� conjugatecoordinatesof the � -particlesystemhave to be replacedby a full � -body
quantumwavefunction.Hereweemploy anapproximatequantumtreatmentwhichcomesfrom theclas-
sical MD side, thus maintainingits simplicity as well as its correlationcontent.This is achieved by
blowing up theclassicalpoint particlesto a localizedwave packet with asimpleanalyticalform. Sucha
wave packet moleculardynamics(WPMD) basedon thetime-dependentvariationalprinciple is a good
approximationif the width of the wave packet is smallerthan the typical lengthscaleof variationof
thepotential.Thewave packet approachis ableto reproducemany dynamicalpropertiesof many-body
systems,e.g.,the scatteringof compositeparticleslike atomsandmolecules[1], heavy ion scattering
[2] andCoulombsystems[3]. UsuallyGaussianwavepacketsareemployedreducingthetimeevolution
of a complex wavefunctionto the evolution of a few relevant parameters,asposition,momentumand
width of the wave packet. This reducesthe amountof numericalwork from the solution of a partial
differentialequationto the muchsimplercaseof a setof ordinarydifferentialequations.Nevertheless
thereremainformidabletaskslike antisymmetrisation.However, expectationvaluesof operatorswith
Slaterdeterminantscanbe calculatedby matrix inversionwhich reducesthe numericalexpensefrom��� �! #" to

��� �%$�" , where � is thenumberof simulatedparticles.Within thewave packet formalismwe
usea force-biasMonte-Carloalgorithmto calculatetheequationof stateof hydrogenanddeuteriumat
pressuresbetween40 and500GPa andsolid statedensity. Recentshockwave experiments[4] showed
a muchlarger compressibilityof deuteriumthanthepredictionof theSesametables[4]. In contrastto
other“ab initio” theoreticalapproachestheWPMD reproducesthelargecompressibilityvery well.
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Monte-Carlo(MC) updatealgorithmsbasedon the ideaof generalizedensemblesintroducedwith the
multicanonicalMC method[1] have foundwidespreadapplicationandprovedvery usefulfor thesimu-
lationof systemswith largefreeenergy barriers.Thoseoccurfor systemsata£rstorderphasetransition
or, evenworse,for disorderedsystemslike spin-glassesandproteinsandentailanexponentiallystrong
slowing down of any local, canonicaldynamicsof theMC process.The ideaof generalizedensembles
copeswith thatproblemby enhancingtheotherwiseexponentiallysmallprobabilityof visiting thesup-
pressedregionsof phasespace,thuseffectively eliminatingthefreeenergy barriers.

Theq-statesPottsmodelsundergo £rst-orderphasetransitionsfor ')(+* in two dimensionsand '-,/.
in threedimensions,respectively; thestrengthof thesetransitionsincreaseswith thenumberof states' .
Besides,they includetheproblemof (bond)percolationasthe limiting case'-021 . Making useof the
random-clusterrepresentation,they canbewrittenasabond-directedpercolationmodel[2],
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where �=O �RQISUT " denotesthe numberof possiblecon£gurationsof
Q

bondson the lattice, decomposing
it into

T
clusters.This quantityshouldbeparallelledwith thedensityof statesZ �R[ " in thecaseof the

Isingmodel.Givenanalgorithmthatsamples� O �RQISUT " precisely, for thewhole
�RQ�SUT " region,thethermal

averagesof interestcanbeinferredfrom this representationfor thewholerangeof thecoupling \ (i.e.,
temperature)andany, evennon-integer, numberof states' from onesimulation.

We pick up the idea of multi-bondicsimulations[3] that apply multicanonicalweights ] �RQ " to the
bond-con£gurationsoccurringin the clusterupdateof spin modelsandconsiderreweightingbuilt into
theupdatealgorithmasa functionof both, thenumberof bonds

Q
andthenumberof clusters

T
. Since

�=O �RQISUT " is a purely geometricalquantity, we do not even have to considera spin model,but only the
percolationlimit of aclusterdecompositionof thelatticesitesby settinganddeletingbonds.

Wesuggestandcomparedifferentimplementationsof thisbasicideaincludingamulticanonicalversion
using run-timeextrapolationof the estimates,a generalizationof the Wang-Landaualgorithm[4] for
this caseand,£nally, a non-Markovian samplingschememaking useof the ef£ciency of union-£nd
algorithmsfor theclusterdecompositionproblem.
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The critical scalingand universality for the random-bondPotts ferromagnets(RBPF) are studiedby
MonteCarlosimulationsin short-timedynamics(STD) [1, 2]. Weintroduced,for the£rsttime,a trinary
distribution of quencheddisordersfor the RBPF on the two-dimensional(2D) triangual latticesand
appliedtheSTD methodto estimatetheexponentsa , b andced�f for severalrealizationsof thequenched
disorderdistribution.Thedisorderstrengthis realizedby thedisorderamplitudesg�h � S h _�i . Therearethree
typesof suchdisorderedsystemsof thetrinary RBPF:(I) one-thirdbondschosenrandomlyarestrongly
coupledwith g�h � =1, h _ (j1 i , (II) two-third bondscoupledwith differentamplitudesh _ (+h � (k1 and
(III) two-third bondscoupledwith the sameamplitudeh � =h _ (l1 . We considerthe systemswith the
disorderamplitudesh �nm � 1 S 1�o�" andh _pm � 1 S 1�o�" .
In thesimulationthedynamicscalingbehavior is veri£edandthepower-law dynamicsis usedto estimate
boththedynamicandstaticexponentsasa functionof thedisorderamplitudes.It is foundthevaluesof
exponentsa and ced�f is variant continuouslywith the disorderamplitudesand violate the Ising -like
universility. Furtherthe measuredvaluesof the dynamicexponent b arefound larger thanthat for the
systemswithoutdisordersandincreasewith thestrengthof disorderamplitudesfor thesystemsI: h � 4 1 ,
h _ (q1 andIII: h � =h _ (q1 .
On the otherhand,for the systemsII where2/3 bondsarestronglycoupledwith differentamplitudes
1srkh � r/h _ , they seemto have beenlocatedat a “random” region wheretheir valuesof the critical
exponentsced�f and b arenearlyindependentof disorderamplitudeswithin theerrorbars, butvo�w#o�. and
cGd�fxty1�w#z�{ . By comparingtheseresultsto b =2.23(4)and ced�f =0.182(5)for the h � =h _ =10 in III, we
could arguethat,after h � 4 h _ ,|1�} (equivalent to h � =1, h _�~ }�w#1 in I) it will passa “crossover” to
therandomregion from othertype,I or III, of thedisorderedsystems,so that b and cGd�f will benearly
constants.

In conclusion,our simulationveri£esthat secondorderphasetransitionsareinduced.Thenthe results
show evidencethat thedynamicuniversalityclassof the trinary RBPFshouldnot belongto thatof the
Isingmodel,asinferredby JacobsenandCardy[3, 4]. Ourcritical scalinganalysisstronglyindicatesthat
thebondrandomnessin¤uencesthecritical universality. Fromthework we £ndit ratherencouragingto
applythedynamicMC to simulatethescalingandcritical dynamicsof disorderedspinsystems.Wewill
pursuethis£eldto explorethelogarithmicalslow dynamics[5].
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Glöckle,W., A22
Glushkov, A. V., O71,O72,A101
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Wójcik, M., A111
Wolf, D. E., I34, O27,A42, B45

Yacaman,M. J.,A56
Yamamoto,R., I36
Yamasaki,J.,B48
Yamazaki,Y., B49
Yanchitskii,B. Z., B4, B38
Yanovitskaya,Z. Sh.,B30,B52
Yarmolenko, V. V., B73
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