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MATHEMATISCHES FORSCHUNGSINSTITUT OBERWOLFACH

Tag u n .g 8 b e reh t _. 3/1993

Computational Methods for Nonlinear Phenomena

10.1. bis 16.1.1993

Die Tagung fand ~ter.der L~it"ung-der HeITen Tassilo Küpper (Köln), Hubert Schwetlick
(Halle), Rüdiger Seydel (U:Ini).urid Hans Trager (Wien) statt.

Mathematiker, Ingenieure und Physiker aus Belgien, Deutschland, England, Österreich,
Rußland, Schweiz und .U.S.A. waren der Einladung gefolgt. Es wurden insgesamt 27
Vorträge gehalten, ergänzt .durch einen Abendvortrag.

Im Mittelpunkt des Interesses st~d~n numerische und analytische Methoden zur Unter­
suchlplg nichtlinearer Phänomene, doch war~n auch die Anwendungen von gro~r ,Bedeu­
tung' bei dieser Tagung. So bepchteten und 9.iskutierten die Teilnehmer übei.nichtlineare
Probleme aus der Technik, der Physik und dei Biologie. Außerdem wurde. Softw~e für
Verzweigungsprobleme vorgestellt und in einem Abendvortrag eine Übersicht über Hamil­
ton~sche Störungstheorie gegeben.

Das Progriunm w~ so gestaltet, daß es anregende Diskussionen und persönliche Gesprä~he
zuließ. Die angenehme Oberwolfa.ch-Atmosphäre. und die vorbildliche Organisation des
Instituts trugen w~entlichzum· Gelingen der Tagung bei.
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Vortrap;sa\lszli~e

vVOLF-JÜllGEN DEYN:

Nl.l111erical apprOXillla.tioll of cOlluecting orbits

\Ve consider the nUlncrical coulputation uf orbits which connect steady states 01' periodic
orbits in a paranleter <.lepelldent dynanlical systeln. Such problelus typically arise when
detel1uining the sha.pe and speed of travelling waves in parabolic systems.

Connecting ol'bit~ satisfy a boundary value problein on ihe realline. \Ve analyze the error
causecl by truncatioll to a finite interval and by the choice of boundary conditions.

More specifia.lly~ we consider orbits connecting a steady state to a periodic orbit. It ,vA
be ShOWll that a cl'llcial role is played by the property of ~asymptotic phase' and by •
corresponding foliations of stable und unstable manifolds.

HANS BRAUCHLI:

Bifurcation of the l'onfi~uration luanifold illustrated by the example of the multiply
hinged arch

The plane five-hingecl a.rch is a sinlple luechanislll with t\VO degrees of freedorn. Depending
on thc distance of the two base joints, its configuration space is a sphere 01' a closed surface
of genus four. Near the critical paranleter value, strong singularities of the curvature occur.
The orbits are defleeted by an angle depencling on the discrete curvature.

FRIEDRICH H. BUSSE:

Nunlerical analysis of tertiary anel quarternary solutions anel their stability in cases of
fluid flows in plane layers

SOlne fluid systelns with a high degree uf sYlnlnetry reach a turbulent state of motions
through a sequence of sllpp.rcritical hifurcations. Rayleigh-Benard convection in a layer
heated from below alld the Taylor-Cotlctte systelll ure the priIne exatnples. The basic
state is typically replaced 1>y hy roll-like lnotions representing the secondary state. The
reluaining sY~llnetriesof the llH)tion~ are hroken inn. llluuber of different ways as transitions
to tertiary anti quarternary states occur. The Galerkin Inethod for solving the b;_
eCI uations of 111otioll provides a (Ollvt:'nieut way tn incurporatc all symmetry propertie~

the fluid tlow (lud t.n facilitate tlH~ analysis of its :;tability. Thernlal convection with and
withollt a Inean ~hear provides ll\\lller()l1~excllllpies. Ulliversal tertiary states such as wavy
rolls will he tlisCllsscd in (ktail alld t.ht.·ir (H~(:\lrellt."e ill ditfert~ut experinlental settings \vill
he descrih ed.

                                   
                                                                                                       ©



Invariant Manifolds in Control Theory

MICHAEL DELLNITZ

Computational Methods for Syouuetry Creatioll

We consider Dynamical Systenls which possess symmetry - PDEs on the line with periodic
boundary conditions, for iostance. An attractor of such a systeIn might have less symmetry
than the fulI symmetry of the problem. In this case there ahvays exist several attractors
which are related by symmetry transfonnations and, varying a parameter, it might happen
that those conjugate attractors collide. Then the resulting attractor has more symmetry
and this phenomenon is called. Symmetry Creation. During the last two years Synimetry
Creation has frequently been fouod ~n the numerical simulation of sev~ral POEs (eg. in
the Ginzburg-Landau equation or in the Kuramoto-Sivashinsky equation). 1t.' has also
been observed in physical experiments like the Taylor-Couette apparatus or ,the .Faraday
experiment. Based on the Karhunen-Loeve decomposition we will present a numerical
method for the detection of SyinInetry Creation in Dynamical Systems.

DIETRICH FLOCKERZI:

:l,
j

We present same examples how the theory of invariant manifolds has recently·. been used
in the study .of affine nonlinear control problems. First we investigate the p"roblem of loeal
asymptotie stabilization for systems having a well-defined relative degree.-· Sec~ndly we
deal with Ioeal qualitative control problems including various classical control problems.

. Finally, for systems with c;iisturbances, we investigate the error feedback regulator: problem
and present astate space approach to nonlinear Hoo-control. . j

FOTlOS GIANNAKOPOULOS:

Bifurcation Phenomena in-a Model for Neural Dynamics

We present a mathematical model which describes the dynamic~ of a simple neural net
consisting of an excitatory. and an inhibitory neuron. The mathematical model is a system
of two nonlinear. differential equations. We show that the system possesses 'characteristical
nonlinear properties such as hysteresis and bifurcation of periodic solutions. Examples of
hysteresis and Hopf curvesare given.

ANDREAS GRIEWANK:

Derivative Convergence for Iterative Equatian Solvers

When nonlinear equation solvers are applied to parameter dependent problems their it­
erates can be interpreted as functions of these variable parameters. H they exist the
derivatives of these iterated functions can be recursively evaluated by the forward mode
of automatie differentiation. Then one Inay ask whether and how fast these derivative
values converge to the derivative of the inlplicit solution function, which may be needed
for parameter identification, sellsitivity studies, ur design optimizatioll.
It is shown here that derivative (:onvergellce is achieved with an R-linear rate far a large
dass of secant updating methods, whose iterates converge Q-superlinearly.' Für a wider
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dass of lllUlt.i-stc'p ("out.raetious Wt·~ ohtaill R-lillear cunvergp.llce of a sinlplificd deriva.tive
npcla.till,~ ~·;('h(-~lne, which is lll()n~ ecouolnica.l and call be easily gelleralized to second lligher
tlc.~riva.tiv('s. \Ve abo fonuulatc a COllstructive critcrioll for derivative l"Ollvergence hased on
the ilIlplicit fUlll't.ioll t!loereill. All theoretical results are coufinlled by lluluel;cal ~xperi-

lnents Oll ~l11all test l~Xcllllpl(~s. .

ANNEGI1ET HO\":

A Ne\v Prineiple for COllstructing Tensor ~:lethods

Tensor Iuethods cOllverge .10eal superlinearly towards regula.r as weIl as singular solutions of
nonlincar eqllatiolls. This property luakes theIn attractive for .solvillg llonlinear equations.
The llew cUllstruetioll prillciple leads to a special tensor lnethod which is characterized by
the following featunes: ,e

loc~l cu bic COI1ver\!v~nce tc)\vards regular solutiollS

. loeal superlillear C:Ol1Vergellce \vith Q-order 1.5 to,vards regular singularities

. llse uf seconcl order directiollal derivatives which keep conlputational casts at a low
level.

This set of useful features c:an be viewed as a further developxnent of the methads due ta
Schnabel/Frank and Griewunk, respectively.
Interesting points für fllrther disc.:ussioll 11lay be: irregular singularities and variants for
globalization.

VLADI11IR JA.NOVSI{\' (jOillt work wich V. Seige):

Qualitative Analysis of Newton Iterations for hnperfect Bifurcatioll Singularities

A silnple bifurcation point of a parnuleter-dependent xnapping F is considered. Given a
slnall perturbation of F ~ the bifurcatioll point luay degenerate ioto a pair of limit points. In
this situation,the perfonnuncp. of Ne,vton luethocls for finding the limit points is studied.
The prior objective of thc analysis are qualitative properties of the basins of attraction.
Center Nlauifold-liki:' Theorell1 for the contillllouS version of the Inethod (Newton fiow) is
proved. Nonnal fnnn of NewtOl1 How Oll the center lllanifold is derived and analysed. Pre­
sented llulnerical experilncllts support tlle C()lljc~ct\1re tha.t ilnportant properties of Newton
How are also shared hy Nt~wtoll it.era.tions.

HANS G. I\:APER:

COluplltatioual Nlethods for tlte GiuzIHU',!!;-Laudall Equatioll anel Flux Vortex Behavior
in Hi,l..!;h-teluperatl1re SnpernHHlllctors.

TIll' Hi,!!;h-P('rf()nllalln.~ C(HllP\ltill~ alld COlllllltluicatiolls (HPCC) prog~raln at Argollue is
focuscc 1Oll iLpplicatioIls of lllassi\"(·ly parallt'l arcbitct'tl1n~s in several sciclltific disciplines.
(>tw of t.ll{' ill"<'il.S qf illt('n'sr. is 1l1;lt.cTl,!ls sl'ic'u('(', whl'1"(' t.lu' la),oratory lIas an (~xtellsiv(~

rl'St'arcll p['ogralll in high-Tc' sllpt'rcoudllct.i\·ity. Iu du' C()lltc~xt of th(-: HPCC progralll,
Wt' an' n'sp()llsil)l(~ for lar.!!.;t·-st'all' IlHlIH·ri .."l silllulatiollS of tiux vortc:x hdlf1vior in tlH~
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presence of itnpurities. This behavior can he llloueied at various levels; for example, one
can study the llonlillear Giuzbllrg-Landau equation for the order pafa.tueter in the presence
of a luagnetic field and sho\v how vortices are fornled as the result of bifurcations, C?f one
can study vortices directly as interactillg elastic filaments in a random medi~m. 80th
approaches are included in our research prograIn, which' addresses analytical as weH a.s
computational aspects of the problem and is done in elose collaboration with researchers
at the laboratory and universities. I will present somerecent results of this work in my
talk.

YANNIS G. KEVREKIDIS:

Model Reduction for PDEs

W~ study low-dimensi~na1 dynami~ and instabilities in pattern forming systems with
eomplex geometries (e.g. transitional flows). We use techniques inspired from ~he theory
of approxima~e inertial manifolds as weH a.s image ptocessing (Karhunen-Loeve-'- SVD) to
obtain reduced dynamic models on whieh the bifurcation calculations can beperf9rmed. In
particular, we introduceacombination of the two, yielding 10w-dimensiQnal,h'1:ppr~ximately
invariant nonlinear subspaces 00 which the long term dynamies lie. Dur test :examples
include flow.s in eomplex geometries, ~eactioo-diffusionand amplitude equations'!

. . . . ,.~ ~

ALEXANDER KHIBNIK (joint work with Yu. Kuznetsov, V. Levitin, E. Nikol~v):

Designing Software for Bifurcation Problems: Philosophy and Practical Experience
. .

We discuss different aspects of LOCBIF software project. The applied fields we are ex-
perienced with (ecology, biochemistry, chemistry, electrical .. ci~cuits etc.) motivate the
concentration o~ generic vector fields and diffeom()rphisms-with relatively 'low ~umber of
variables aild relatively high numbe.r of parameters (3 or more). Thegraph of adjacency
of singularities up-to codimension three represent the concentrated 'view on·.tha~ how dif­
ferent singularities are organized with respect to their unfolclings.- In numeri.cal ().pproach,
this graph is reformulated .using the language of (scalar) test bifureation furictiqns. Then
eontinuation techniques. is applied, whieh ailows us to end up with the code supporting

. "travelli~gJ' alortg· a solution manifold and exploring its stratification. Computer seience
aspects .af the project (tool for defining models, graphie user interface) are discussed as
weH as directions of further .developrilents.

uRS KIRCHGRABER:

Hamiltonian Perturbation Theory - from Poincare to Nekhoroshev.

The purpose of this talk is to review Hamiltonian Perturbation Theory 'äs'it evolved during
the last hundred years since Poinc.~'s famous "~es methodes nouvelles de la mecanique
celeste" was published. The central theme dealt with is the stability of elliptic ~quilibria.

The construction of formal integrals, Siegel's theorem on the divergence of the Birkhoff nor­
mal form, the nonexistence of integrals, a. I(AM-result of .J. Pöschel, an examp.1e of Arnold
rliffusion due to R. Donady, the Zehnuer-Genecaud result on the existence of i~fintelymany
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trallsyt~rsal hOlllOt.:.liuic POillt.S are dcscribcd. The Inaill t~nlphasis is on Cl Nekhoroshev-type
l:'st.i1l1att~ of :\. Giol',t?;illi aut! its applieation tu the Trojall a:;teroids.

PETER I\:UNI~EL:

Tt.~st FUllctilH1S 'lud :\\lP;lllcutcd Syst(~lll:;

The llulllcrical <letennillatioll of singular points ,is eOlnnlonly hasecl Oll the use of appropri­
ate auglnented systl'lllS. A general rule for the cOllstructi~nof suitable test functions and
related Cl.ugillcllted ~ystenlS is presented. The approach is based on a translation process
applied to results of the so-called recogllition prohlenl in sillgularity t~leory.

HANS D. ~JIITTELfV'IANN:

Stable Capillary Surfaces Ullder Zero Gravity

Syulnletrie cupillury surfaces in a cube are considered nnder zero gravi~y conditions. Only
loeal ll1iniIna of th~ total energy are COlllputecl for eontact angles of 70, 50 and 40 clegrees.
Graphs uf the ellergy, the area allel the pressure versus the vahane reveal several interesting
facts. Particular a.ttention is· paid to nOl1linear phenomena incillding hysteresis and that
for angles below a. bonnd, here 45 degrees~ the liquid creeps along the edges ,vithout limit.
This latter effect call bt~ observed for arbitrarily sluall vohuues in the case of a 40 degree
contact angle. Other ohservations include that up to ten loeal minima exist for certain
voltllnes anel that the vohulle ranges for which various shapes are minimizillg the energy
depend strongly Oll the cOlltact angle.

GERA.LD lVIOORE:

COluputation" and Panunetrisation of Invariant 1tlanifolds

The conlputatiol~of invariant luallifolds for the autollolllOUS system

(+ ) i!:. = E(g)

is often attenlpted 'hy lltilising the dYllanlics on the Inanifold itself, e.g.' a Poincare map.
v\Te ,vould prefer to view the problenl geolnetrically anel (.livoree tlie computation from
these dYUH.IUics.
If JA is a ~-di111ellsi()nal C' I sllb-lllClUifold of RU tlH~n )\..1 is iuvariant ,for (+) if •

(TJ;./\I1 heing; the /;-dirllcllSiolll\.l t.all~(~llt span~ of 1'1 at E i.Lud Ps the othogonal projeetioll
outo a. subspace S of RU), whidt 'provi<lcs n -I-: tXlllations at each point of )\11. The
n~ll1aillill.~ ('qllatious 111 'n 'ssary n'pn'St '11 t a dloin ~ of parallH-~trisatiollof ')\..1. For exaulple,
in t.hc I"01l111101l ('olltiuu;lr.ioll fralllt'\Vork wlll'rc a ll('arby lllClnifol(l /\..1' is already known,
r.hi=-- ,·all ('OIllpll,t.I'ly pro\-id,' t.lll' p:lrallll"t.risar.iolL. i,l'. t.lll~ additioual I.: eqllatioll~ lfiay h(:
t.ilk,'u as

V:f.:.tI E .:\11'.
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It is often better, howevp.r~ to iUlpose at least part ()f the paratnetrisatioll direc.:tly.

i) For periodic solutiollS, M is an elubedding of SI in Rn and \ve choose the canonical
arc-length paratnetrisation. ;\1(' only enters via a single phase condition. The final
BVP to be solved is analogous to the usual tinle parametrisation but with vector field
E/IIEII and parameter L (lellgth of curve) rather than period.

ii) For homoclinic/heteroclinic orbits, ;\1( is an embedding of (0,1) in Rn and we again
.. choose arc-Ienght parametrisation. M' now plays n') role. ~The final ~VP is over

(0, 1) with singularities at the endpoints rather than over (-00,00) .as with time
parametrisation.

iii) For invariant tori, M is an embedding _of 51 x 51 in Rn. Parametrisatio~ defined
by conditions on the first fundamental form, e.g. orthogonality coilst~t surface area~

are being investigated.

iv) With stable/unstable manifolds of fixed points, we end up with a quasi-linear hyper­
bolie system extending out fram the singular fixed point. In this ease an aP-aptively
ehanging parametrisation is indieated. ..

i) .

FRlEDRlCH PFEIFFER:

Dynamieal Systems with Impulsive and Frictinal Contacts

:;.y -

•

tinil~teralcontact constraints in dynami~al syste~swith impacts and stick-slip-p~enomena
arise from kinematical magnitudes like relative distanee and relative velocity. The end of
the contaet event isindicated by -nonna! co~tact-forces and- tangential c6ns~rai!lt forces~
respectively. Constraints and-eonstraint forces are'complementary in asense, that either
relative kinemati.cs in contaet is -zero and the eorres'ponding constraint forces are ;oot zero,
orVice versa. This property can'be used to salve for mu~tibody systems with man~ contaets
the formal uniqueness problem by the complementarity procedure rromoptimiz~tionthe­
ory. The strueture variant character of such systems affords a thourough interpolation of
indicators and constraints. Some practical examples demonstrate the teehnical re1evancy
of the theory.

GERD PÖN.rSC~:

Direet Methods for Computing Bifurcation Points

A nonlinear system of n algebraic eqllations of the form F(y, A, a) = 0 depending on n
state variables y, the control paranleter .A and l unfolding parameters a is considered. It is
asswned that there exist simplesingular solution points (y., A*, a*) at whieh the Jacobian
8y F{y*,).·, 0·) has rank n - 1. .Simple singular points (y*,'\., a*) of this kind are for
example turning points, simple bifurcation points, hysteresis points, pitehfork bifurcatioll

. points ete. They can be characterized by appending the original problem F(y, A, et) = 0
by 1+1 equations f(y, A, 0') = 0 SUCil that (y., A·, 0*) is a regular solution of tl~e cornbined
system. For simple singular points with codimensiou S 2 we constructed robust functio(ls
fj that can be eva1llated and differentiatcd cheaply. By exploiting the special structure of
thc defining equations fä(Y, ,\~ ü) = 0 we dcvel()p~d Newton-type methods for cOInputill~
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the desir('d siillph~ siugula.r point. (y ....\ .. , ü .. ). 111 this way (J-qlladratit'ally eouvergent
ll1(~thods a.n~ oht.aiIll'd whose t~tticit.·lH:Y is deUlo11strnted by a. ulllllt'rical exaluple.

G.\V. n.EDDIEN:

The reduce<l basis luethod n.tll he used to retluce the size of approxitllüting systems \vithout
significalltly incnJ>~L··üllg t.he error iuherent in the uIHlerlying discretization. Given a system
uf e(lllatiolls F(.:) = O. F : Rm+d.~ R"', the recluced basis ll1ethod solves P F( Xo + VdT ­

VRY) = 0 \vhere pl = P and Vd T \fR is a. sllbspace of a regular splitting \~18 V of Rm+d.

A lnethud is given for cunstructing; projections that minitnize constants in standard error
estiulates allel 1l1ake thc Illethod Illore robust. It is shown how to select P to achitJA
additional accuracy.in the panulleter T at silnple turnillg points. ..

DIRK R.OOSE:

Scientific Software Aspcrts in Bifnrcation Analysis

In the first part of the talk, th~~ correct status of sofhvare for bifurcation analysis is briefly
reviewed. A.ttention is paid tu the requirellleuts for a (standard) interactive environment
alld for reliahle Ill.unerical ulg;oritluns.
In the secolld part~ an algorithnl is pres~nted for detennining the steplength ~sed in a
continuation proccdure. The algoritlull takes into account the behaviouf of test functions
for bifurcations in order tu illerease the robnstness of continuatioll \V.r.t. undesired branch
switching. This approach also reduces the possibility to overlook important bifurcations.

JÜRGEN SCHEURLE (joint \vork \vith B. Fiedler):

Discretization of AutOllOlllOUS Equations allel HOllloclinic Orbits

One-step discretizations of order p ~uld step size E of autononl0US ordinary differential
equatiollS x = f( A. x) ('an be vie\vcd as tinle - ~ luaps uf rapidly forced, ~on-autononl0us

equations .

X· - j'(' \ -z') + -/1(1(_- \ t c) x' E !Ru, \ E 10, d
- ',' ':':.J ':.~ A. ~" , ,/\ ll\. "'di'

whcre y has period 1 ill t I ~. 'VP st.llcly tlw IH~llavi()llr'()f a lUHlloclinic orhit r = f( t),e,
O..\ = O( f. E m) Hude'r Iliscn·tizati()l1. Ullcler ~(,~llcri(' aSSllluption:-;, r tUrIlS out to break, an
t.be perttlrl)(xl stahle all~.llt11st.al)lt· iuv'lriCtllt luallÜolcls iutenwct eadl other transversally for
sluall positive c whidl illlpli('s I:haot.ic b(~haviollr. Howcvt~r, the tr(lnsvcl~!';ality effects are
t'stiIllated fnnll alH)ve to l)(-~ ('XPOIH~lltially sIllall in~. Fot" eXiLIuple, the length l(e) of the
paraillet(~r illteITal 0.1' ~\-vabH's for which titt' intcrst~('ti()llof t.he Ioeal invariant Inanifolds is
l1Ull-I'lllpty (:auIH~ (~stilHar.c'd l)y

wlwn' C', I/ an~ positi\"(' IOOllst.:lllt.S. TIH' fal:t.or '/ is rt·lat.(~d t.o t.lle llliniluül clista.Il~~(~ frOIl1 t.he
n'al :lxis of dU' pult's uf f( t) iu tllt' l"CHuplc'x f-pltllH'.

s
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Our results are visualized by high precision nUJuerical experiInents. The experiments show
that, due to exponential slualiness, hOl110clinic transversality beconles practically invisible
under nomlal circl.ul1stances, already foronly Inoderately small step size.

HUBERT SCHWETLICI( (joint work with E.L. Allgower):

Stable COluputation cf Sinlple Bifurcation Points and Emanating Branches

For detennining simple bifurcatioll of nonlinear systems F(y) = F(x, ,\) =' 0, an extended
system F(y + f.Jd) = O• .w iTvi(y) =0, (i = 1,2) is used where

• Z.' \

This is a generalization of Pönisch's [85] system where only· row replaceme~ts in 8F
are used. The general rank-I-regularization used here allows to choose the parameters
{d,di,ri,wi} such that abound of IIBil1! is small (which increases robustn~s), that
B2 - Bt "has rank 1 (which saves computational costs), arid that also s~~pl~ bifurca­
tion points which are turning points with respect to en +l (i.e. where kei?8F(il)J..e n +1

holds) can be computed. An "implementation is described which, from th~~':"viey.rpointof

computational costs, is comparab~e to Janovsky's [89J modifica.tion of Pönisch's: method.
Moreover, the quantities computed during the iteration allow to detennine "the ta;.ngents of
the b~anches emanati~g at the bifurcation point. '

PETER SZMOLYAN:

Bifurcations in Singularly Pertubed Problems

In ibis talk we consider singularly pertubed ordinary differential equations of the fonn:

(1)
x =' f(x,y,~,f.J)

eiJ =g(x, y, E, f.J)
mn' IRK lRP 0 ,(xE1[\. , ,y E , P. E t < e «1 _

d~"

We demonstrate how Fenichel's invariant manifold theory (3DE79) for.' problem (1) can
be used" to understand certain global aspects of the problem. In particular we show that
the existence of transversal singular' (e= 0) heteroclinic and homoclinic orbits implies
the existence of these orbits for small positive values of c. The method is applied to thee:- .. 'travelling wave problem of the Fitzhugh-Nagumo equations. As a s,econd. application we

brießy discuss the bifurcation of heteroclinic orbits in the problem of viscous profiles für
magnetohydrodynamic shock waves (joint work with H. Freistühler, RWTH). We present

.some open questions which could be investigated numerically.

ALASTAIR SPENCE:

The Detection of Hopf Bifurcatiolls in Lar~e Systcnls Arising in Fluid Mechanies·

The talk is concerned with thc detection of Hopf bifurcations in large finite element dis­
c.retizations of the Navicr-Stokes and related eql1ations. After linearizaÜon, we need to

-n
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nnd thc sillalll'st l'i.~l'l1va.lt1t'S of Cl. large sparSl~ llollsynulletric hlock-strnctured eigcllvalue
prol)lell1.
A techlliq\le is dl'srilH'd 1>as(~d on "precollliitiolling" llsing Cl gelleralizatioll of the Cayley
trallsforIn. and tlH'll st~l1H.lanl iterative lller.hoc:b ego Aruoldi's llH:thoc.l.

EXcullples an' giVl'll fro1ll fOllr problenl:) in fi\licl1l1echanics~viz .. double-ditfusive cOllvection,'
tlow past. a rylilHkr. t.lll' Taylol" prohlclu, alld How over n backward-facillg step.

ALOIS STEINDL:

Investi~atiollof Codinwllsioll :2 bifnrcations for a Fluicl-collveyillg Pipe with
D N -SYllullctry

Vle. cOllsider a lillearly fluid conveying viscoelastic tube which is supported by n iden~iA'

spnngs.· ­
If the fiow rate is inc.reased, the trivial state loses i ts stability. By varying the stiffness of
the sprillgs anel the position of the support~ \ve find various bifurcations of Codimension
2: Takens-B()gdallov~hifllreati()lls~ Hopf/Steady-State nlode interactions and Hopf/Hopf­
nlocle iute{·uctiol1s.
Using equivariant bifurcation theory we investigate the bifurcating solution brauches and
their st~bility.

HANS TROGER (joint work \vith G. Xu, A. Steinell):

Nonlinear Stability Analysis of a Low Platefonn Raihvay Car

To calculate the turllil1g point of the aUlplitude curve of a periodic solution in R28 for a
systelu of stiff nonlinenr differential equatiolls is a ehallenging problein. Instead of using
sitnulation of path follc)\villg lllethods lllltltiparalueter hifurcation theory is used to obtain
frenn studyiug still the stl".·ad~·~ state the turllill.~ point of the periodic solution. The obtained
reslllts agree weIl with expp.rinH~l1tal l"esults,'

ANDR.E VANDER.BAU\VHEDE:

Theoretical allel COlnputational Aspects of Nornlal Fonns

Thc llofluul fOrIn reduction of a vectorfield ai one uf its siugularities is usually done hy an
onJ.cr h~ ord~~I~ appr()ach~where f()~' (~ac:h order ,.; one looks fOl~ an appropriate trans~orma_
wluch sllllphfies as Inndl as posslhl(' tltt' I.:-tlt order t(~nll IU .the Taylol' expanSIon of~
v('ct.or fielel. Slldl all appru,u:h leads at..l~adl ()rcl(~r tu Cl so-callcd splittiüg problenl, which in
fact. COllsists in tilldiu.!.?; au tlppl"Opl"iatl' pSl~llcl()-i11Vl~l"Sl~of Cl lille~Lr operator whose dimension

iuc:n:ases rapidly witb r.lH~ dillll'usioll of t.lte phas(' space aud thc order k. In prnctice this
lIas till llOW pnt s(-~\"t'rc n->st.ri .. t.iollS on llorIual fOl'lll calculatiolls, certainly WhCll one wants
t,o work SYIllh()lirCllly~ k('~(-"pillg tl1l' dqh'lldl'll('(' Oll t.lw paralllet.(~rS of tlle ori~inal vp.ctor field.
111 t.l1is talk w(> diSl'llSS .111 appr()al"h~ \);Is(·d Oll f"Ol'U1l'l" work of Cnslllllau allel Sc.ülClers , whic!t
:-'l'c'lllS f.o IH.~ al,ll~ !() h;llldll' rl1l'Sl' prol)Il'llls rat.lll'l" c,tH.(:il~lltly. ';l,l(~ desc.ribe in partintlar
a :-il'lit.tiug al.~(}ritlllJl wllidl a\"oicls r.l1l' l'xpli,·it. l'alndatioll l)f il1v(~rs(~s. V\fe also disCllSS Cl

IltlllllH'r nf ot.llCl" ;lSpt:I·r.S of HOrIll;d rOl'lll (";dnd:d.iollS. SOllll' of whidl are still nlls()lv(~d.
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Bono WERNER:

Test Function for Hopf Points

Test fu"xtctions for certain bifurcation points are scalar functions being monitored during
pathfollo\ving of parameter dependent equilibria a.nd strictly changing sign at the bifurca­
tion points of interest. Test functions can be ~lsed fcr detection, computation and path
following of bifurcation points (also of higher codimension).
We present test functions for real and imaginary Hopf points with Hopf nu.m~er v based
on bordered linear systems

(1) ~) (Q(~:V)) = ,(at) .
o ß(A, v) , 0

-~"..
.-_.

with Jacobians A E IR",n and certain vectors T, I defining the ~ordering.

Since the derivatives of the test function cao be cheaply evaluated, Hopf c~!1'es which may
smoothly connect real and imaginary Hopf points via Takens-Bogdanov points;
Examples of. Hopf curves in applications (eutrophicati~n model, 2-box-a.Iuss~lator) are
given.

Berichterstatter: F. Giannakopoulos
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