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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 General InformationGeneral Information Workshop onMultis
ale Problems in Three Appli
ations
• Sponsored by:Weierstraÿ-Institut für Angewandte Analysis und Sto
hastik (WIAS), Berlinhttp://www.wias-berlin.deDFG Priority Program 1095�Analysis, Modeling and Simulation of Multis
ale Problems�http://www.mathematik.uni-stuttgart.de/∼mehrskalenDFG Resear
h Center Matheonhttp://www.matheon.de
• Organizers:W. Dreyer (WIAS), B. Niethammer (Humboldt University of Berlin), J. Sprekels (WIAS)
• Fo
us of the Workshop and Announ
ed Topi
sThe workshop aims at bringing together resear
hers working on the following topi
s:� Dis
rete latti
e models and their 
ontinuum limits� Dis
rete and 
ontinuum des
riptions of nu
leation and subsequent evolutions� Sharp interfa
e limits of phase �eld systemsDis
rete latti
e models serve as prototypes to study various possible limiting 
ases wherea dis
rete ODE system 
an be substituted by a single or at least a few PDEs that des
ribethe dis
rete dynami
s on a 
ontinuum level.During the �rst stages of a phase transition small 
lusters of the new phase with Î±parti
les may grow or shrink by adding or subtra
ting a single parti
le. The evolutionof the number of 
lusters is des
ribed by an ODE system of Be
ker-Döring type, whi
h,however, should be substituted by a PDE if 
lusters above a 
ertain size appear.Phase �eld systems resolve the interfa
ial region so that their evolution may be des
ribedby smooth �elds. On the s
ale of mi
ros
opi
 observations the interfa
ial region mostlyappears as a singular surfa
e, where the observable �elds 
hange dis
ontinuously. Thusthe physi
al relevan
e of phase �eld systems is tested by their sharp interfa
e limits.
• Start: May 29, noonEnd: June 01, noonLo
ation: WIAS, Mohrenstr. 39, Berlin, Erhard-S
hmidt-Hörsaal
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 ProgrammeProgramme
Tuesday, May 29th11:30 � 13:00 Registration13:00 � 13:15 Wel
ome13:15 �13:55 A. Miranville, PoitiersAsymptoti
 behavior of Cahn-Hilliard-Gurtin equations14:00 � 14:40 C. Kraus, BerlinEquilibrium 
onditions of liquid�vapour systems and the thermodynami
al 
on-sisten
y of the van der Waals�Cahn�Hilliard phase model14:45 � 15:30 Co�ee Break15:30 � 16:10 M. Röger, LeipzigThe Allen-Cahn a
tion fun
tional and its sharp interfa
e limit17:15 � 16:55 B. Stinner, FalmerSystems of Allen-Cahn equations with volume 
onstraints17:00 � 20:00 So
ial Gathering
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Programme
Wednesday, May 30th9:00 � 9:40 C. Rohde, StuttgartA numeri
al method for a sharp-interfa
e model for phase transitions in 
om-pressible �ow9:45 � 10:25 L. Mugnai, LeipzigFrom atomisti
 to 
ontinuum models of elasti
ity and plasti
ity, �Ka
-potentials� as an intermediate step10:30 � 11:00 Co�ee Break11:00 � 11:40 A. Mielke, BerlinWeak 
onvergen
e and homogenization in Hamiltonian systems11:45 � 12:25 C. Patz, BerlinOn dispersive stability of Hamiltonian systems on latti
es12:30 � 14:00 Lun
h14:00 � 14:40 P. Rosenau, Tel-AvivMa
ro-
omplexity Mi
ro-simpli
ity and vi
e versa: Problems and Paradoxes14:45 �15:25 A. Vainstein, PittsburghDynami
s of steps along a martensiti
 phase boundary15:30 � 16:00 Co�ee Break
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 ProgrammeThursday, May 31st9:00 � 9:40 O. Kastner, Bo
humMartensiti
 transformations in Lennard Jones Solids9:45 � 10:25 T. Böhme, BerlinDetermination of sti�ness and higher gradient 
oe�
ients by means of theembedded atom method10:30 � 11:00 Co�ee Break11:00 � 11:40 M. Hantke, MagdeburgOn balan
e laws for mixture theories of disperse media with phase 
hange11:45 � 12:25 J. Velazquez, LeipzigDi�usive tails for the Be
ker-Döring model12:30 � 14:00 Lun
h14:00 � 14:40 J. Wattis, NottinghamSelf-similarity and s
aling in nu
leation problems14:45 �15:25 M. Naldzhieva, BerlinModeling and analysis of evolution of droplets15:30 � 16:00 Co�ee Break16:00 � 16:40 C. Guhlke, BerlinNon-linear elasti
 membrane shells for in
ompressible Mooney-Rivlin materialsand non-linear phenomena of rubber16:45 � 17:25 B. Wagner, BerlinSharp-interfa
e models for dewetting �lmsFriday, June 1st9:00 � 10:30 Time for Dis
ussion10:30 � 11:10 P. Rosenau, Tel-AvivMa
ro-
omplexity Mi
ro-simpli
ity and vi
e versa: Problems and Paradoxes.Part II11:15 � 12:30 Time for Dis
ussion12:30 � 12:15 Closing
5



Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
tsAbstra
ts
Determination of sti�ness and higher gradient 
oe�
ients by meansof the embedded atom methodThomas BöhmeInstitut für Me
hanik,Lehrstuhl für Kontinuumsme
hanikund MaterialtheorieTe
hnis
he Universität BerlinEinsteinufer 5, 10587 Berlin, Germanye-mail: thomas.boehme�tu-berlin.deFor a quantitative theoreti
al des
ription of phase separation and 
oarsening reliabledata of sti�ness 
onstants and the so 
alled Higher Gradient Coe�
ients (HGCs)are required. For that reason pair potentials of the Lennard-Jones type were used in[1℄ to provide a theoreti
al tool for their quantitative determination. Following upon this work these quantities are now 
al
ulated by means of the Embedded-AtomMethod (EAM), a re
ently developed approa
h to des
ribe interatomi
 potentialsin metals. This is done, �rst, to a
hieve a better agreement between predi
tedand experimentally observed sti�ness data as well as to avoid artifa
ts, su
h as theCau
hy paradox, and, se
ond, to in
rease the trustworthiness of the HGCs for whi
hexperimental data are rarely available. After an introdu
tion to the fundamentals ofEAM it is outlined how it 
an be used for 
al
ulating sti�ness 
onstants and HGCs.In parti
ular, Johnson's modi�
ation of EAM for nearest neighbor intera
tions [3℄ isapplied to present expli
it numeri
al results for a 
ase study alloy, Ag-Cu, whi
h hasa �simple� fa
e-
entered-
ubi
 
rystal stru
ture and where it is 
omparatively easyto obtain all the required analysis data from the literature and to experimentally
ompare the predi
tions of me
hani
al data.
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Non-linear elasti
 membrane shells for in
ompressible Mooney-Rivlinmaterials and non-linear phenomena of rubberClemens GuhlkeWeierstraÿ-Institut fürAngewandte Analysis und Sto
hastikMohrenstraÿe 39, 10117 Berlin, Germanye-mail: guhlke�wias-berlin.dein preparation
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
On balan
e laws for mixture theories of disperse media with phase
hangeMaren HantkeOtto-von-Gueri
ke Universität MagdeburgInstitut für Analysis und NumerikUniversitätsplatz 2, 39106 Magdeburg, Deuts
hlande-mail: Maren.Hantke�Mathematik.Uni-Magdeburg.DeTo be announ
ed
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Martensiti
 transformations in Lennard Jones SolidsOliver KastnerLehrstuhl Werksto�wissens
haft (WW)Institut für Werksto�eFakultät für Mas
hinenbauRuhr-Universität Bo
humRaum IA 1/47, 44780 Bo
hum, Germanye-mail: oliver.kastner�rub.deMartensiti
 transformations (MT) are a spe
ial 
lass of di�usion-less solid-solidphase transitions whi
h o

ur in metalli
 alloys. This 
ontribution shows results ob-tained from large s
ale atomisti
 simulations of MT in un
onstrained test assembliesin 2D. The model employs binary Lennard-Jones potentials, whi
h are 
onstru
tedso as to allow for latti
e transformations between a symmetri
 austenite phase andvariants of martensite. With this model atom dynami
 (AD) simulations 
on
ern-ing test assemblies of up to 262,000 atoms were 
arried out. The test assemblieshad di�erent re
tangular shapes (bar-like to square). Constraints to the surfa
ewere minimized or absent (free surfa
e) in order to allow for free nu
leations andevolutions of MT. The simulations were 
arried out in temperature 
ontrol mode inorder to simulate temperature indu
ed transformations. The results highlight thespatial and temporal evolution of MT in some detail. Observed phenomena are -the propagation of traveling transformation fronts a
ross a bar, - the martensiti
plate growth in extended bulk material involving the twinning pro
ess, - the freeformation and a

ommodation of martensiti
 grain stru
tures exhibiting di�erentorientations.
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Equilibrium 
onditions of liquid�vapour systems and thethermodynami
al 
onsisten
y of the van der Waals�Cahn�Hilliardphase modelChristiane KrausWeierstraÿ-Institut fürAngewandte Analysis und Sto
hastikMohrenstraÿe 39, 10117 Berlin, Germanye-mail: kraus�wias-berlin.deWe �rst revisit the 
lassi
al problem of liquid�vapour systems of a single substan
eat 
onstant temperature. We assume that the two�phase system is 
ontained ina vessel with a 
onserved total mass of the substan
e, whereby the vessel 
an be
ondu
ted at 
onstant volume or at 
onstant pressure. Our emphasis will be on thein�uen
e of di�erent boundary 
onditions on the resulting equilibria for the van derWaals�Cahn�Hilliard model and the 
orresponding sharp interfa
e model.In the se
ond part of the talk we show the 
ompatibility of the van der Waals�Cahn�Hilliard phase model to the lo
al version of the the se
ond law of thermodynami
s,i.e. to the lo
al entropy inequality. It is well known, that the entropy inequalityallows for the appearan
e of ∇ρ in the free energy only, if either the energy �ux orthe entropy �ux is represented by a non-
lassi
al form. The various 
ontributionsto the balan
e of the internal energy are in prin
iple dire
tly measurable, whereasthe entropy �ux is not a

essible to dire
t measurements. For this reason we preferto preserve the 
lassi
al form of the energy balan
e. We identify a non-
lassi
alentropy �ux whi
h admits higher-order gradient 
ontributions in the free energyand in the Korteweg stress tensor.
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Weak 
onvergen
e and homogenization in Hamiltonian systemsAlexander MielkeWeierstraÿ-Institut fürAngewandte Analysis und Sto
hastikMohrenstraÿe 39, 10117 Berlin, Germanye-mail: mielke�wias-berlin.deWe present a general theory of weak 
onvergen
e in the sense of Gamma limits forLagrangian and Hamiltonian systems based on joint re
overy operators. We derive
onditions that guarantee that the limits of solutions of the parameter-dependentHamiltonian systems solve the Hamiltonian system asso
iated with the limitingHamiltonian obtained independently via Gamma 
onvergen
e.We apply this theory to dis
rete, polyatomi
 os
illator 
hains and show that thelimiting behavior is governed by a semilinear wave equation. The 
onvergen
e in ourrather weak setting allows for the treatment of general 
oe�
ients of L

∞ type, i.e.
oe�
ients with jumps in the e�e
tive equations. This means that re�e
tion andtransmission at interfa
es between di�erent 
rystallographi
 phases is represented
orre
tly by the weak solutions of the e�e
tive wave equation with nonsmooth 
o-e�
ients.
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Asymptoti
 behavior of Cahn-Hilliard-Gurtin equationsAlain MiranvilleUniversité de PoitiersMathèmatiquesSP2MI, 86962 Chasseneuil Futuros
ope Cedex, Fran
ee-mail: miranv�math.univ-poitiers.frTo be announ
ed
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
From atomisti
 to 
ontinuum models of elasti
ity and plasti
ity,�Ka
-potentials� as an intermediate stepLu
a MugnaiMax Plank Institutefor Mathemati
s in the S
ien
esInselstraÿe 22, D-04103 Leipzig, Deuts
hlande-mail: mugnai�mis.mpg.deWill be provided later
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Modeling and analysis of evolution of dropletsMargarita NaldzhievaWeierstraÿ-Institut fürAngewandte Analysis und Sto
hastikMohrenstraÿe 39, 10117 Berlin, Germanye-mail: naldzhie�wias-berlin.deWill be provided later
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
On dispersive stability of Hamiltonian systems on latti
esCarsten PatzWeierstraÿ-Institut fürAngewandte Analysis und Sto
hastikMohrenstraÿe 39, 10117 Berlin, Germanye-mail: patz�wias-berlin.deWe study the long-time dynami
s of os
illations in latti
es of in�nitely many par-ti
les intera
ting via 
ertain nonlinear potentials. In parti
ular we 
onsider theKlein-Gordon system on the in�nite 
hain. The aim is to proof dispersive stabilityof su
h Hamiltonian systems analogously to results known for PDEs.To do so we �rst re
apitulate the dynami
s of linear Hamiltonian systems on anin�nite 
hain and give optimal de
ay rates based on the dispersion relation.Based on this we proof that if the nonlinearity is weak enough, the Klein-Gordansystem shows a similar behaviour like its linearisation.
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
A numeri
al method for a sharp-interfa
e model for phase transitionsin 
ompressible �owChristian RohdeUniversität StuttgartInstitut für Angewandte Analysis undNumeris
he SimulationPfa�enwaldring 57, D-70569 Stuttgart, Germanye-mail: 
rohde�mathematik.uni-stuttgart.deThe dynami
s of a 
ompressible �uid whi
h o

urs in a liquid and a vapour phase
an be des
ribed on the 
ontinuum me
hani
al level as a free boundary problemwhere the bulk phases are governed by the Euler equations (or the Navier-Stokesequations in vis
ous media). As 
onditions at the free boundary mass 
onservation,the dynami
 Young-Lapla
e law and an additional relation, sometimes 
alled kineti
relation, are enfor
ed. The kineti
 relation 
an be seen as the up-s
aled informationfrom the mi
ros
opi
 level. From the numeri
al point of view the main di�
ultyis now the 
orre
t 
onsideration of the pointwise 
onditions at the boundary. Wepresent a ghost�uid algorithm 
ombined with an almost 
lassi
al Riemann-solverbased �nite volume te
hnique that has the potential to handle su
h situations.In the talk we will �rst dis
uss the analyti
al solution of the 1D-Riemann problemfor the two-phase Euler equation whi
h takes into a

ount spe
ial kineti
 relationsat the phase boundary. Contrary to the 
lassi
al gas dynami
s for one-phase mediathe Riemann solution 
ontains up to �ve single waves. The results rely on the workof Abeyaratne & Knowles and LeFlo
h et al. in the framework of elastodynami
s.The Riemann solution is then a key stone to establish the ghost�uid/�nite volumete
hnique in the se
ond part of the talk. We will present one- and twodimensionalnumeri
al simulations and a 
onvergen
e proof for a simple but basi
 initial valueproblem. The third part of the talk will be devoted to a re-interpretation of thewhole approa
h as a heterogeneous multi-s
ale method. In fa
t this di�erent viewallows to integrate the mi
ro-s
ale information at the phase boundary in the nu-meri
al method not only in form of kineti
 relations. It is quite naturally possibleto integrate e.g. lo
al 
omputations with phase �eld models like the Navier-Stokes-Korteweg equations.
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Ma
ro-
omplexity Mi
ro-simpli
ity and vi
e versa: Problems andParadoxesPhilip RosenauS
hool of Mathemati
sTel-Aviv Universitylevanon st, 69978 Tel- Aviv, Israele-mail: rosenau�post.tau.a
.ilwill be provided later
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
The Allen-Cahn a
tion fun
tional and its sharp interfa
e limitMatthias RögerMax Plan
k Institutefor Mathemati
s in the S
ien
esInselstraÿe 22, D-04103 Leipzig, Germanye-mail: roeger�mis.mpg.deSto
hasti
 perturbations of phase �eld equations allow for events that are out ofthe s
ope of deterministi
 models, as for example the swit
hing between two stablestates. Large deviation theory estimates the probability of su
h events in termsof a (deterministi
) `a
tion fun
tional'. Extending previous work by Kohn, Otto,Rezniko� and Vanden-Eijnden we 
onsider the Allen-Cahn a
tion fun
tional in aparti
ular s
aling that exhibits a 
ompetition between nu
leation and propagation
osts. Our fo
us is on a lower bound that is sharp even in the 
ase that highermultipli
ities of the limiting phase interfa
es o

ur. Our approa
h is based onte
hniques from Geometri
 Measure Theory and uses a generalized formulation ofevolving hypersurfa
es similar to that of Brakke for the mean 
urvature �ow.(joint work with Lu
a Mugnai)
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Systems of Allen-Cahn equations with volume 
onstraintsBjörn StinnerUniversity of SussexDepartment of Mathemati
sMantell Building, BN7 9RF Falmer, United Kingdome-mail: bs68�sussex.a
.ukMulti-phase systems are 
onsidered where the phase interfa
es move a

ording toa 
urvature �ow and some of the phases are subje
t to volume 
onstraints. Anapproximation of the free boundary problem by a phase �eld model has been de-veloped resulting in paraboli
 di�erential equations with nonlo
al terms due to the
onstraints. Several ideas will be presented to numeri
ally solve the nonlo
al equa-tions, and simulations have been performed to study lo
al minima of the systemenergy. Appli
ations 
on
ern Wul� forms, bubble 
lusters, and tessellations prob-lems.
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Dynami
s of steps along a martensiti
 phase boundaryAnna Vain
hteinDepartment of Mathemati
sUniversity of Pittsburgh301 Tha
keray HallUniversity of Pittsburgh, 15260 Pittsburgh, PA, USAe-mail: aav4�pitt.eduWe study the motion of steps along a martensiti
 phase boundary in a 
ubi
 latti
eundergoing antiplane shear deformation. We model a phase transforming materialby assuming a stress-strain law that is pie
ewise linear with respe
t to one 
ompo-nent of shear strain and linear with respe
t to another. Under these assumptionswe derive a semi-analyti
al solution des
ribing a steady sequential motion of thesteps under an external loading. Our analysis yields kineti
 relations between thedriving for
e, the velo
ity of the steps and other 
hara
teristi
 parameters of themotion. We show that the kineti
 relations are signi�
antly a�e
ted by the mate-rial anisotropy. Our results indi
ate the existen
e of multiple solutions exhibitingsequential step motion.Numeri
al simulations show that both subsoni
 and supersoni
 sequential propaga-tion of steps 
an be stable. When the propagation speed ex
eeds a 
ertain 
riti
alvalue that depends on anisotropy parameter, we observe a 
as
ade nu
leation ofmultiple steps whi
h then join sequentially moving groups.This talk is based on re
ent work with Yubao Zhen.
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Di�usive tails for the Be
ker-Döring modelJuan VelazquezMax Plan
k Institutefor Mathemati
s in the S
ien
esInselstraÿe, 22, 04103 Leipzig, Germanye-mail: JJ_Velazquez�mat.u
m.esWill be provided later
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Sharp-interfa
e models for dewetting �lmsBarbara WagnerWeierstraÿ-Institut fürAngewandte Analysis und Sto
hastikMohrenstraÿe 39, 10117 Berlin, Germanye-mail: wagnerb�wias-berlin.deTo be provided later
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Workshop on Multis
ale Problems in Three Appli
ationsWIAS Berlin, 2007 Abstra
ts
Self-similarity and s
aling in nu
leation problemsJonathan WattisTheoreti
al Me
hani
sS
hool of Mathemati
al S
ien
esUniversity of NottinghamUniversity Park, NG7 2RD Nottingham, UKe-mail: Jonathan.Wattis�nottingham.a
.ukTo be announ
ed
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ipantsThomas BöhmeInstitut für Me
hanik,Lehrstuhl für Kontinuumsme
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he Universität BerlinEinsteinufer 510587 BerlinGermanythomas.boehme�tu-berlin.de
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