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ORGANIZINGCOMMITTEE
GET-TOGETHERS

PeterW. Bates(Co-chair)
Departmentof Mathematics SlAMWelcomingReception
BrighamYoungUniversity Wednesday,October14,1992

6:30PM-8:30PM

ChristopherK.R.T.Jones(Co-chair) GoldenCliff
Divisionoi AppliedMathematics (LevelBofCliffLodge)

BrownUniversity CashBarandminihorsd'oeuvres

Busineu Meeting
SIAMActivityGroupon DynamicalSystems,

Friday,October16,1992
8:00PM-9:00PM

Ballroom1&2
Anyone interested in the activity groupis welcome I
attend.

Postersauion
Saturday,October17,1992

7:30PM-9:30PM
GoldenCliff

(LevelBofCliffLodge)
DISCLAIMER Come and talk with yourcolleaguesandenjoy comp_

mentary beer, sodas and chips,

This reportwas prcparodas an accountof worksponsoredby an agencyof the United States
Oove-nmcnt. Neither the United StatesGovernmentnor any agencythereof,norany of their Tripto Salt Lake City and
employees,makesany warranty,expressor implied, or assumesany legal liabilityor responsi- MormonTemple(TabernacleChoir)
bility for the accuracy,completeness,or usefulnessof any information,apparatus,product,or Sunday,October18,19927:30AM-12:00Noon

processdisclosed,or representsthat its usewould not infringe privatelyownedrights.Refer- Boardbusesin frontofCiiffLodge at7:45AM. Y,
¢nc¢hereinto any specificcommercialproduct,process,or serviceby trade name,trademark, willenjoya continentalbreakfastwhilea guideoff-_-
manufacturer, or otherwise dees not necessarily constitute or imply its endorsement, recom- a descriptionof Little CottonwoodCanyon. This c_<
mendation, or favoring by the United States Government or any agency thereof. The views yon played a significant part in the settling of the S_
and opinions of authors expressed herein do not necessarily state or reflect those of the Lake Valley. Today, the canyon is home to a gigan_
United States Government or any agency thereof, genealogical records vault which iscarved in the gr_'

irewalls that line the canyon. LittleCottonwood isaL
home totwomajor skiresorts. Once inSaltLake, whi(
is an hour's drive from Snowbird, you will stop
Historic Temple Square for the live radio broadcast,
the Mormon Tabernacle Choir. Following the broa
cast, you will visit the Capitol and BeehiveHouse, cii
founder Brigham Young's home. You will be serw,.

. .... refreshments on your trip back to Snowbird. Ct
=acxJ_t.., is a registered trademark. $25.00

.... , -,, , ." ' 2",.. , -' '



'ROGRAM OVERVIEW

"oi/owing are subject classificationsfor the Applications in Biological Sciences Ergodic and Statistical Properties of Flows

;essions.Thecodesinparenthesesdesignate AIDS Epldemiolog3 and [)_namical .Mt_tels Application ot D}namical Systems to lnt'omlation
(MS4. page 7_ Theor3, (MS 23. page 15)

;essiontypeandnumber.Thesessiontypes Bifurcations and Traveling Waves m a Dela3ed Ergodic Theou of Strange Attractors (lP2, page 7_
_.re Contributed (CP), Invited (lP), Par((al Differential Equation _IP8, page' 12) Stt_'hastic Resonance iMS13, page 101

'dinisymposium(MS),and Poster (Pl. Biological Applicator, ns t and 2 (CP23, page 16: Phase Space Reconstruction and Time Series,
CP28, page 171 I and 2 (CPB. CP 12, pages q. ! i )

Bursting Oscillations in Biological Systems
(MS 25. page 15) FluidsandTurbulence

Chaos and Fractals in Physiology and Medicine Fluids, I and 2 (CPI7, CP20. pages 12, 13)
(lP(), page 131 Metaphors, Models and Mathematics, or How

Coupled Oscillators (MS7, page 8_ Strange is Turbulence? !lP1, page 6)
Neural Networks (MS21, page 13) Taylor-Couette FIo_ (CPII, page 10!
The Dynamics for Patterns in Excitable Media Turbulence and Wavelets (MS8, page 7)

(MSI7, page 12) Poster Session (partial) (page 14)
Poster Session (par(tall (page 14)

Geometry of Flows and Maps
ApplicationsinPhysicalSciences Complex Polynomial Dynamics (lP3, page 8)

Applications of Dynamical S.',,stems Methods in Fractals and Invariant Measures (CPI4, page i I)
Nonlinear Optics (MS31, page 17) Homoclinic Orbits and Chaos, ! and 2

Dynamical Problems in Theoretical Chemist_ _ (CPIS, CP22, pages 11, 15)

(MS 12, page 10) Hyperbolicity in Skew-Product Flows (MS5, page 7)
Dynamical Systems Problems for the Invariant Manifolds (MS I5. page I1)

Superconducting Super-Collider (IPT, page 11 ) Oscillation and Invariance. ! and 2 (CP2, CPg,
Dynamics of Motion (CP5, page 8) pages 7, 9)
Nonlinear Optics (MS20, page 13) Resonances (CP6, page 8)

Nonlinear Optics and Hamiltonian Systems Saddle Orbits (MS 11, page 9)
(MS 16, page 121 Stability and Approximation (CP4, page 8)

Physical Applications I, 2 and 3 (CPI9, CP21. Poster Session (partial) (page 14)
CP24, pages 13. 15, 16)

Stationary and Turbulent Patterns in a Reaction- HamiltonianandIntegrableSystems
Diffusion System t,IPl0, page 15) Infinite Dimensional KAM Theory (MS8. page 8)

Poster Session (partial) (page 14) Dynamics of Mechanical Systems (MSi8, page 12)
Chaos in Near-lntegrable Systems (IP4, page 9)

ChaoticBehavior Splitting Separatrices and Arnoi'd I cfltsion
Chaotic Motion (CP7, page 8 ) (lP6, page l !)
Chaotic Transport for Hamiltonian Systems lntegrable Systems iMS 1, page 6)

(MS32, page 17) Poster Session (partial) (page 14)
Geometric Methods for Maps of the Plane (MS2,

page 61 Infinite Dimensional Dynamical Systems
New Methods of Embedding and Analysis for Defects and Singularities (MS9, page 9)

Noisy Chaotic Data _MS30, page 17)
Signal Processing and Chaos-- 1 and 2 (MS27, Delay Equations (CPI3, page 11)

Dynamics of Infinite-Dimensional Problems
MS33, pages 16, 17/ (MSI9, page 12j

Poster Session (partial) (page 14_ Qualitative Results for Partial Differential

Equations (MS28, page 16)
Computations and Dynamical Systems Recent Developments in Differential-Delay

Computation of Global Structures (CP 1, page 7) Equations (MS 14, page 10)
Computational Complexity and Chaos Spatial Structures (CP3, page 8)

_IP5, page 10) Stability, Instability and Bifurcation by the Energy-
Computational Dynamical Systems 1 and 2 Momentum Method (IPI 2, page 17)

(CPI8, CP25, pages 13, 17) Poster Session (partial) (page 14)
Computer Techniques for the Numerical Study of

DynamicA Systems (MS24, page 15) Symmetriesin DynamicalSystemsInertial Manifolds and Low Dimensional
Symmetric Chaos (IPI 1, page 15)

Dynamics of PDEs- I and 2 (MS22, MS26, Symmetry in Dynamical Systems (CPI0, page 10)
pages 14. 16) The Numerical Treatment of PDEs with Symmetry

Posler Session (partial) (page 14J (MS29, page 16)
Poster Session (partial) (page 14)

Control of Dynamical Systems
Controlling Chaos (MSI0. page 9)
Control of Dynamical Systems (CPI6, page 12)
Nonlinear Control, Dynamics and Estimation

(MS3, page 61
Poster Session (partial_ (page 14)
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?,,:r_,_::_._,.,tv Ti-_liR_D,AV OCxOBER _5 _RIDA'_'OCTOBr:R _'-

7:45 AM Registrati(m i)pen,_ 7:3(l AM Registration open.,,

_:00 iiM-8:IRI PM Ballro,.ml Foyer Iialhllonl I,o_cr

Registra;{on 4=pens 8:45 ripening RelnarL 8:30 lP4 ('hails in Near-lnlegrable _)Mt, lliS
llallrti_,m l:ovcr /'('Ic, cii./ttUl'._ it/ii/( "tit t._h_/_hl'# K _ ] ./oll("_ /)livid li .lf( l.m(k'hlm

Ballrol!m I &2 tlallrt,ml 1&2

9:0lt lP! ..%'let'allht._l's,Models and Maihemalic._,_lr lhl_ 9:30 I,offee

Strange i_i l"urbulence? Gohlcn ('lilT kllolU
Phlhl_ tt_'lmc._'

Ballroom I & 2 I t1:11tl {'oncurrenl Sessions

10:IRt Coffee MS9 Defects alld Singularities

Goldeil ('lifl Rooln Or Tam::cr._ ' Paul/.'/Jr und Pr/ct Ster:lher.l:
ltallroonl I& 2

10:15 Concurrent Sessions MSIO ('onlrolling Chaos

MSI Inlegrable Systems th iani:cr David 1". I)chtlamlJX

(h'g(in.:i'#'s. ,4thanii.+.+it,.s S l"+,l.a._ and I.s#',,FclM. Magpie Room

(;('/'+{il,'d MSI ! Saddle Orbits

Ballroom t&2 (h'gumzcr: /:'/'1(' Kt.l,%l('ht'h

MS2 (;eometric Methods for Maps of the Plane Wa._aic'h Rnonl

(.)rgam:er. Mar(v Bar t'e CP8 Phase Space Reconstruction and Time Series

Magpie Room Superior A Roo'll

MS3 Nonlinear (:onlrol, l)ynamics, and Estimalhm (:!)9 ()scillaihm and Invariance 2

()/'k'tltll".'.f'/'" ('hr'lAltJllh('#" ! B'I'# #1('.V Superior B Roi:lln

Wa_atc'h Rooln ('PlO Symmelry in i)ynamical Systems

MS4 AIDS Epidemiology and i)ynamical Models Mayhird Ri)oin
()l'tltl#ll':C#'" Anti ,_'l'li#l/('V

Maybird Room 12:011 PM l,unch

{'PI (,ompulalion of {;Iobal Structures

Superior B Room 1:30 lP5 Uompulational (:omplexily and ('haos

{,P2 Oscillation and Invariance I l.rnorc #thl.i

SUl_zrior A Room Ballroom 1&2

12:15 PM l,unch 2:30 Concurrent Sessions
MSI2 I)ynamical Problems in Theuretlcal (;hemistr},

! :30 lP2 Ergodic l"heory (if Strange Attractors OJgizm:l'/._: (h'(',k, orv [:':#'_l :zpld filial Stein/ii'II

l,(t i'- _t_'tl#l k' Yt Jl_#i _ I_ 'I"k' '[" I' #i "%

Ballroonl I & 2 Magpie Rlil)lil
MSI3 Sl,_'hasiic Resonance

2:30 ('oncurrent Sessions ()/'k, lAtll2i't KIII'I lt'ii'At'tilt'ld

MS5 Hyperboliciiy in Skew-Product Fiow.s It;lllrl)tllil 1&2

Orgutll:C#. t¢lL_._l'll A. Johti.wJt# MS 14 Recenl l)evehlpments in Differenlial-l)elay

Magpie Rooln Equaihnls

MS6 Turbulence and Wavelets ()#'l_(llil';:('t.%" .iii/iii J#tilll'l-PiAl'i't f/lid go,l,_{ '

()rg//niter. Ktucptzlh R. S#ecnil'fl,%'tltl NII _,_Ii_ti#n
Wasalch Roon/ Wasatch Rooin

MS7 (:oupled ()scillalors (,PI ! Tayhlr-l'ouelle Flow
()#',_,_¢.ltlJ2{'#'. ,_l('l't*tl li. ,_'D'tlk'(ll2 Mayhird R()Olll

Maybird Roonl (:PI2 Phase Space Ret'onslruclilln and Time Series

MS8 Infinite Dimensional KAM l"heory _upcriiir li Roiiln
('[(l#l'#lf(' I'.'. W(IV#I('

Ballroom 1&2 4:30 (.,liflee

(.:P3 Spatial Structures (hlldin ('lift Roonl

Superior B Room 5:00 11)6 Splitting Separairices and Arnol'd Diffusion

CP4 Stability and Approxinlatien (;it,vannl t;allavt,m

Superior A Rooin Itallrnolu 1& 2

4:30 Coffee 6:00 {'oncurrent Sessions

Golden ('lift R()om (..'1)13 Delay Equal/ims
W;lsalc'h RllOlll

5:00 lP/ ('omplex Polynomial Dynamics (,PI4 Fractals and Invariant Measures
Joh#l ,/l/i/riot _uperi(ir 14Rl}olll

ttallroliln 1&2 ('PI5 ltomlK'llnir ()rbits and (:halls I
Ma\'hird Room

6:00 (loncurrenl Sessions

CP5 I)ynamic._ of Moihm I:lRi Business Met'llnl

Magpie RO/llll SIA M Activity (;roup on I)ynamical Systems

CP6 Resonances Ballrt.)ln 1&2

Wasatch Room

( :P7 (:hallllc Molilln

Maybird Rooln
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_0 -_.M Registration opens 7:30 AM Buses lea_e for Salt l.ake (,it) tour 8:(NI AM Registration opens
Ballroom [.o_¢r and Mormon Temple Ballroom Fo_ er

30 IP7 I))namical S.,,stems Problems for (lift IJ_tty¢ 8:30 IP12 Stability, Instability and
Bifurcation b_ the Energy.

theSuperconductingSuper-('ollider 12:00 PM Bu.se._ return from tour
.lamc_ A l-./h_,m Momentum Method

.l('rr, Hd t:. Mar_,h'n
Ballroom l&2 12:00 Registration opens Ballroom l&2

30 Coffee Bal Ifr,ore t-o_cr

(k;Iden ('1if| Room 12:30 - 3:00 9:30 Coffee

:00 Concurrent Sessions MS22 Inertial Manifolds and I,o_ (;olden Cliff Room

MS 1_ Invariant Manifolds Dimensional Dynamics of Pl)Es !0:00 Concurrent Sessions
(Part I of 2_

()rcaett2_'r. _ A'('mplq /.1_ ()rk,tHti:cr.s : )'(lt/tr/3 K('rr('_.i,.l/3and _'_$30 Ne_ Methods (ff Embedding and
Magp,c Room l-.dri._._A'.l;tt Analysis for Nots) Chaotic Data

MS 16 Nonlinear Optics and Hamiltonian Ballroom l&2 Ordain:or R_dwrt Caw/ev
S)stems Magpie Room

Orb,ant:or B U/mm 1.. Kuth 1:00 Concurrent Sessions .MS31 Applications of I)ynamical
Ballroom I&2 MS23 Application of l))namical Systems Systems Methods in Nonlinear

MSI7 The I)ynamics for Patterns in to Information Theory ()ptics
Excitable Media Rra l. Adh'r Or_antz('r: Darrvl lh,lm
O; can;:+'r .lam('._ P+Keen,'r Magpie Room Wasatch Room

Wasatch Room MS24 Computer Techniques for the MS32 Chaotic Transport for
MS 18 D) namics of Mechanical Systems Numerical Stud) of Dynamical Hamiltonian Systems

,l,lar,( l.(", t Systems Or_amze/. .lame.sD. M('iss
Maybird Ro(mi Ort_amzer Ce/so (;rehoqt Maybird Room

CPI6 Control of Dynamical Systems Wasatch Room MS33 Signal Processing and Chaos
Superior A Room MS25 Bursting Oscillations in Biological (Part 2 of 21

CPi7 Fluids 1 Systems Or cuniz('r l,,ui._ M. Pe(ora

Superior B Room Or.k,attiz('r_ David II.l('rnlatl and Ballroom 1&2

John Rtnz('l CP25 ComputationaIDynamicai
:00 PM l,unch Maybird Roon_ Systems 2

('P21 Physical Applications 2 Superior A Room

30 lP8 Bifurcations and Traveling Vl,'aves Superior A Room CP26 Bioh)gical Applications 2in a l)ela.ved Partial Differential
Equation ('P22 Homoclinic Orbits and Chaos 2 Superior B Room
._I, hacl C A.Imke_ Superior B Room

Ballroom 1&2 3:00 Coffee 12:00 PM Conference Adjourns

-30 ('oncurrent Sessions Golden ('lift Room

MSI9 D)rnamicsoflnfinite-l)imensional 3:3(t IPI0 Stationary and Turbulent Patterns
Problems in a Reaction-Diffusion System

Or._ant:cr _'hut.Nee ('t;,,_ llmrv L S_'inm'v
Ballroom 1&2 Ballroom 1&2

MS20 Nonlinear Optics 4:30 IPI I Symmetric Chaos_,tarttn (;(,lul_tt_k_
OrL,anlzer. ./('rome [ ._,tol,'mc

Magpie Room Ballroom 1&2
MS21 Neural Netv,orks 7:30 Concurrent Sessions

()rL'untz('r ._'t('ph¢'n(;rc_'_3h('rz MS26 Inertial Manifolds and 1.o_

Wasatch Room Dimensional Dynamics of PDEs
CPI8 Computational Dynamical (Part 2 of 2)

S)stems I ()rx,am:er_ Yanms Kevrekuh.s am/
Ma_bird Room Edr/.s.s .g ltti

. CPI9 Physical Applications I Ballroom 1&2
Superior A Room MS27 Signal Pr,_'essing and Chaos

CP20 Fluids2 tPart lot2)
Sul_rmr B Room Or._,amzer L,mt._M P('(,,ra

Magpie Room

_0 Coffee MS28 Qualitative Results for Partial
Golden Cliff Room Differential Equations

O/k, c2tll2er.'s ,%"tn'maq Dam er and

30 !!'9 Chaos and Fractals in Physiology Peter }te._.s
and Medicine Wasatch Room
,4r_ L Goldhcr_,er MS29 The Numerical Treatment of PDEs

Ballroom l&2 _ilh Symmetry
"_0.9:30 Poster Session Orcamzer ._4, hael Dellmt:

Golden Cliff Room and Ballroom Ma,,bird Room

Fo._er CP23 Biological Applications 1 i.........................................................................................

_ Superior B Room } CP = Contributed PresentationIP = lnsited Presentation
CP24 Physical Applications3 /

! MS = Minisymp(_ium

Superior A R(_m_ _......................................................................................................................
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i I_;I _ t _l lY 1_ I'_! 111:15 Rotation Interval,,, for l)ilTeonmrphisnls _I lhclqane

THURSDAYMORNING.OCTOBER15 C O NC UR R ENT SESSI Ot,;S Kaml,.,.,Ir ..'_lli+:,,,,u._;¢,,,r.¢M,,,,,,I
"''1_ t_ll_''''t_ IIm''_I_ AI._I I'_,Hh,u,,t I,X ' tlntvirsilv

Reg_stratton oper;s lr_te_lrabJe Systems 1!1:45 Periodic ()rb(t.,, ('reared h.+Rigid Rolati<
(;lcnR.II;dl,l{osIoll[liliVCl'nily

Man,,apI_arcnlI._di,,paralcu_mIlncal,,_,,Icnt,,exhibit

_'..,t_tIalh,,,,m 1_2 ultC_l;ll_l¢hchavtul, tn partit'ular th¢_ possess _'ullcrcnt I 1:15 I.'ixed Points in the Plane and Rolation

Ope,rliTl_ Remarks ',Irlh:lUlC', (',tflilom,, illsl;.llllOIl_,. _l';l_, It(III',+ ttl'OlllJOllS. Nnnlhers
•. etL. i. I he ',ltld._ oi inlIL, raH¢ ph¢llOlllCilii has ¢llhilnc'cd R i_:haltl ,_ ;tll_.,tHI, Nh',lll;tna ,_lal¢ [ ]lliVCl%l/

Petit W. B;It¢,,. I]righant 't'oun_ t mvcr,,it_ and out und__'tstal)dinXt_l_¢ruun ph_,,it'al nolllillC;.ir IllIL'ha- I 1:45 A INfincare-BirkholT Theorem for
('hristol_her K.R.T. Jt)llCn. Brt_ n t ;lliVIrnil) ill,,nixand ha', ,, , h.'dh)l_.'autlhd nulthcnlalival r¢_,ultn I)issipati_,e blaps of 1he I)lane

',uch +ts lhc ',olIttttm tri' tilt' SL'hi,IlK.'+l_rt+hlcln and lhc Marcy Barge, ()rgani/cr
U.Lj(i.I_+._I/p.tjt+,ppI 1+.i_..+ inllt)tltlL'ti(+ll ol qtiallttlnl 121ot£l'_x.

II)!/('hair: t)¢tcr \V. Bali,,, I'trighanl '_t't+tln/zt hlixIr,,its The speaker', ill thin nlillin) niponiunl w_!l dt_,_.'t,,_s /!,1,_,'._'.lt (I.Sillg'h_+tc.tltl
lOtll+llq_,_,d¢_,elO_lllCllts,::\ _Zql+¢t;lland ii_zott_tlnlllk'lhotl

Metaphors.ModelsandMathematics.or toranaly/ulg lhL"a_,ynll+h_tiL'sof int,+'_t.',ral+h:equations NonlinearControl,Dynamics.andEstimatio/
HOW Str;+nge ts Turbulence? will I×"I+rc,,cntcd.The I)amh:wL' cquatit,l', _._hiL'hapimr- i)uring the pall riccati,+',lhc field (ff nonlinear toni/
The ,,l',.'akcr_ iii rcl'Ict:l a little (m lhc phlt'¢ of appIi_.'d entlv pla_' in nunlinear physics til,.' P.,anl¢role thai lhc ha.',reacheda rtmlarkable '.,tait+,fflnalurily. cuhninatl
malh¢lnatics I'_.tv,eenlh+."l'_hy,,i+.'alv,.t+rldand lhc v,,_rht L'la,,,,ical,,l+L'c'iallu]lvtit)ns play in linear I+h.x.',iL'_,.will t',¢ ill the d_.'v¢lopnlentof ,,,¢veralsystematic rnelhodot
of pttru nlalhclllatlL'S, and on the r¢latiom, t_ct_'¢¢n rIvi¢wId V,ilh t.ml_hasix on th¢H ,ipl_caranc¢ in 21) gi¢,, t+orlhcdisign ol'l_'edback lawsachicving a vari_
modcllintz alltt allaIvsi,,. }Iu v_'ill illu.,,lral¢ th¢ general qtlanttlnl glavM>'. RiL'¢tlt ¢xpermtInlal and thqorctical of inll+ortanl _'ontrol t_l+.ic_.'tivcs. Indeed, theory :
discussion by dcscl'it+ing work on low dlillInsitmal dIvIhqml¢nts L'tHIt.'efllill_ t.tHllltlql'_..'ia] al+tllicalhms tri' smlltlalit)n IIOX_'suggest that tl_¢ntmlincar_.'tmlrol nlcl
Inr,diii ftu th¢ dynanli_.'n tri L't+hcrInl structures in ltir- solitons u+Iit×'r t)plikn will lw i+rcsent¢¢l. The transition otis Ilavc lhc potential lt) _'(:11111¢ c'omparabl¢ ill sC'e
I+ulenl lloxvs dtmc ;It Ct)moll over lhc t+ast.._¢v¢11yCal',, fron+ inlqgral+ilil) lt) sttm'hastiL'ity ,,,_iii I-_,disk:tinned lor It) Ih4 Illt'llIod of _.'la,,sicaland .,,talc space design nlci
hv A_nlhrust¢t. Atthr). BL'rkr)u/. lilI/garay a di,;u'rcle sin¢-(iordon eqllillion, t)d_, for linear system,, - ;Lview supported by L'l.lrr/

(iuckenhcimcr. [.unllcy. Stone and hinls¢lf ()rganizers: ,,\tllanansit_s S. Fok;Is design Incthods dcvch)ix, d in lhc aerospat'c irldListl
Ft)r turbulent tlov, fmc has an c_,_'¢llcnt math ('larkntm t tnivlr:at.x, and In the early lq_;Os, ntmlincar t:ontrol lI1eori+'

¢lllalic'al111od¢l: the Navier-Stokes ¢tlUalit+n. The Israel M. (h.'I'land, re(iunedL'll111as+,cIt)lhc mt+sl hasic>'ctchallcng+

diIfi+:t,ltvis,ofLouP,¢,thatitapl_¢arsinsoluI_l¢inany RtIl_¢I'StIniv¢lsity designprr)blent,',that:trc'flOWpart()f"a _yMenl_'
reast)nahl¢ sense, even II the t¢chnical diffi_.'ultics t_l dInign ntetht)doit)gy for ntmlinear conlrol. This tr__
glohal Ixi_.lt_llt'_,yiii three dinlcnslons _.'ou]d Ix' uxcl+ 111:!5 The Painldve Transcendenls in Nonlinear had its oiitzin in two indel×,ndinl dIveloptnInls -
conic. " full nunl¢llc'al sinlulatitm certainly pn)vidIs a blathemalical Physics dix_:overy t)I n¢ccs_,;.tr5 and suft"izicm _.'onditions
",,olutitm". hut it prr)rides little undlrxtalldln_ t+f lhc Ah:xander R. Its. ('hlrkst+n thlivlr',,ity (lozal) lincari/ation of a nonlinear syMClII via st,
pr,_'¢,,s pcr si. tlov.'ever, three recent deveh)lml+.'nt,, 11):45 _teepesl l)escen| Method for ()scillatory tcedhack and <.'oordinal¢ change.,, and for {It+c+
oHer ,,unit h(q_c: the discovcr._, t_,,' IXlx'rilnL'llt. of Riemann-llilber| iq'ol)lems wilh Applica- de_.'tmpling of a disturbance channel via tL'edhack r
_:l)hel¢nt structures in _'¢rtain fully developed turhulint Iions hl I)ynamical Systems coordinale cl)anges. 'l'h¢ geomclri¢ undcrpitming',,
tlow,,, the '_tlggIxtit_ll. h_, Rut'll¢. 'l'akIns and others, /' /)t'tfi, ('t_ttrant In,,itut¢ ol Mathelnatical these two ilnl_ortanl advances t:larificd a decade:
thai strand(., ;.Ittf_lt:lt_lx ;.(lilt oIhL'F iL|t.'a_, i'foln d)'tl;.lll/i_.'al St_leVit.'c_;, New _l'Olk UlIP,'t:lXttk + ;rod X. earlier work and, w,hen combined with an incteas_
,,yst¢lns tilt'orr might play a tale ill the analy,,i,, ol the /.hou. Yale t Ini',_¢rsity applicatitln o!nonlh_¢ar dynanfics, has pointed the ,;.
governin_ cqtlat+ons, and tl'.cilltrt*dut.'tion otth¢ _,tatP,- 11:!5 Slalistical ('ritical Phenonwna in a Near- to a ht)st of other advallc'es, including methods
tical te_'tlnique t:,l Karhunel,-I._.'vc _)lprol×'lt_rtilt_gu. Integrable I)iscrele ,<,;ine-(;or(hml.atlice axyrnl'_totictracking, disturban_.'eattenuatioll and rej_
nal d¢conlpo,.it,m (11,,' I.Llllll¢',,' in the L'aS¢of turbu- /t,t (; _ J _' _t (_ t' _ ' /" "+ _ _" (' L_' I, ('hti_,tul_llcr (;. (.hP,.'dde lion. teedha_.'kstahili/ati_m and nmdeling filter ."
h.'ncc). "i+hc ,,l_.'akIr x_,il de_,crit_c tlov_ these three and Ainarendra Sinlla, ()hio Slal¢ ol_server ticsign.
thr¢adx nli_zht ht' drawl1 together to _,_,cav¢ h_w dilllIn- t!nivIr.,,ity, (.'olullll_tlS The speakers will i_r¢_,¢111 SOlll¢ o|" the ric<

siollal nll_d¢ls that yield undIrstanthn_ t)l haste nl¢cha- I 1:45 Recenl Progress on a I+onl_-l)islance and advanu'¢s in t.'tmtrol and L'stilnathm made possible '
lIP,I11sO|'ttlrhLllellc'¢_¢ncratiun. IIigh-Bit-Rale()ptical Sol(ton thellicorpoFation of t.onL'ci_I_,;.111(ItcchnitlUeS dra,

lI't)lllllt)lIIiIlCaItlyIIi.lllIILX.Philip ttolmes ('ommunication .",;ystem
l)<.'partn_cnt t)l Thcur_.,tital and Yu.ii Kodan+a, ()hiu ,":,tatb.'t +niversity, ()rganizer: ('hIistt)pher I. Byrnes
AppliedMILhanlcs ('t+h.ll'nhlts Washin_lol,_ t hxwIrsity

('t,'ncll t:niver,,,it_ 10:15 (;Iobai Solulions and Sh(_k Waves for ti

M,%"Mak,/.t" I_+,..i Riccati Partial Differential Equations ofl

/(J t)O'(;.hh,n ('brr R,,,,m GeometricMethodsfor Mapsof the Plane Nonlinear ()pl(real Conlrol
Ct;l fee ('hristt)pher I.Byrnes, Org.'mizer

The intrt)dut:lion i)I ccrtain tuptflt)gi+.'al tcchniqu_'+,,tnt(_ 10:45 ()n the Nonlinear Dynamics of Fast
I|l¢ ,,tudyt_l two-dllll¢ll_,itm_ll diff¢onlorr_hi'.,Ins, Ila',

yielded a d¢cp¢l undIr,,talldin_ of the ,,tructure i)f lheir Filtering Algorithms
AndIrx l.mdquist, Royal Institute of

peril)di(: t>rhm, and olher nlinimal sit',. 'i'he_,¢ tit:h- Technoh)gv, Sw¢(lcn
niques im:lud¢ the"l'hltr,,ttm l'hlury al)I+Iit.'dtr) lhc
plane l)Um:tured hv the removal tri peril)die urbit_,, 11:15 Nonhohmomic,_ystemsand (:ontrol
c't)ntilltlUlll Ih¢or¢ti£ Ct)ll_idIr;itioll_, O11 IIIV;Iri:_'ll OlIC- AnthonyMichael Bloch. Ohio Slate

dimcnxi_mal _,LlhXets ( su_.'h a_+the c'loxure t)f the unstable t Inivcrsity

maniftddt, and ultIlx ;u'gunllnts. "['hl_+onln_ontheme I 1:45 Dynamic Systems and Universal
of lhc pIt'xInlatlons iii thi_,lnini_,yllIpOMtllllis II'lq_,:Ot)r- ()bservabilily
dination of theahov¢ tncthl)dstr>provide an under- ('lyde Martin, "l'¢xasTech LJniversity.
standing t)I various rotati,mal Iwhavit_rs for lwo-di, l.uhhot:k

l]tt_n_totlal llla|++,. Ht+'_.'+ntwork along th_.',,clint_,;has
h¢Ipcd _)r_ani]e the tlynanIical c_>ntlfle×ily i)| p_.'riodi-
call,; lorL'ed ntmlitleal o_,c'illator,,and t)lht.'r++u_:hL'onl+
l)Ii_:att:d ,,)stcn1_,that po_,',t",',p¢ri,_diL'orbits of infi-
mtcly nlany l)crit)tls.

()rganizer: Marc,,' Barge
Note:

_1Ol)ILllla ,_lal¢[ ;niv¢l'S, it)*
For presentations wilh two or more authors
the speaker's name is in italics.
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lO15 AM- 12/5 P,_! I 1:55 Accurate CompLttation and Continuation 2:3d PM - 4,3t) t':_/
o1'lleteroclinic Orbits

n c o Nc uRRENT SESSI 0 NS ._t,,,._.cr,v,.a,,,,,,,t ni,ers<v,,r.aZaba,,a.| C0 NCURRENT SES SI0 NS
MS4 Mavh:rd R,,om Huntsville: Eusebius J. Doedel. California

AIDS ED<>_mlology and Dynamical Models Institute of Technoh,_gy;and Anand ('.
Monteiro. t!niversi D of Alabama, Hunt.,,vil e MS5,M(_gl,te Room

Mathemaucal models of the spread of AIDS have Hyperbolicih in Skew-Product Flows
prm ided important insights into the dynamics driving Hyperbolicily v, ith respect to a general compact invari-
the epidemic. Models have demonstrated the impor- CP2.'Supcri,r .4 Ro(ml ant set in a dynamical system can be effectively studied
lance of certain kev factors, including social structures. OscJlJatJon and invariance I by, introducing a skein product tlow. In this way an
mixing rates bet,,_,een social groups, and variations in Chair: Russell Johnson, Uni',ersiti_ di Firenze, autonomous vector field becomes non-autonomous,

infectiousness 'aith the course of disease. The spread of Italy and University of Southern California but the skew-product structure alleviates the main dif-
HIV is a nonlinear, nolllocal process, and, because of
this, different types of social structure.,, and mmsporta- 10:15 Breakdown of Stability of 2-Tori ficulty associated with non-autonomous systems,
tnon netv, ork:, can result in very different epidemic Ru.s.wll ,]ohtt.s'on, Universita (ii Firenze. Italy namely the breakdown of the flow property. The
patterns. Recent Monte Carlo simulations have demon- and Llniversity of Southern California and speakers in this nmfisyrnposium will StL_'ey applica-
strafed that correlations bet_aeen random events can Ying-Fei Yi, Georgia Institute of Technology tionsofthe skew-productconstruction to various prob-

" lems having hyperbolic structure. Homoclinic phe-
greatly inlluence the spread t_l the epidemic even in 10:35 Recurring Anti-Phase Behavior in nomena and bifurcation problems will be discussed.
large populations. Coupled Nonlinear Oscillators: Random

Organizer: Ann Stan[e} Noise or Deterministic Chaos? Organizer: Russell A. Johnson
IGy,a State University Kwok Yetmt,, "IMmgand Ira B. Schwartz, Naval Llniversitii di Firenze, Italy and

" Research [.aboratory, Washington, DC University of Southern California
10:15 Comparison of Deterministic and

Stochastic Si Models 10:55 A Singularly Perturbed Nonlinear 2:30 Shadowing Orbits of Chaotic Differential
Oscillator _'ith Applications to Structural Euqations

('nrl Simon and John Jacquez. (Iniversity of
Dynamics Kenneth J. Palmer and Huseyin Kocak,

Michigan, Ann Arbor Ioatmis 7".Georgiou, Anil K. Bajaj and Martin Llniversity of Miami
10:45 The Importance of lnterregional Mobility J. Corless, Purdue Llniversity, West Lafayette 3:00 Smooth Invariant Foliations in Certain

for Infectious Disease Spread in Bounded
Geographic Areas 11:15 Bifurcations and Chaos in a Bilinear Dynamical Systems
Lisa Sattenspiel. U,niversit_ of Missouri, Hysteretic Oscillator Yingfei Yi, Georgia Institute of Technology

" Rudra Pratap, S. Mukherjee and F.C. Moon, 3:30 Homoclinic Twisting Bifurcations and
Columbia Cornell University Cusp Horsehoe Maps

11:15 Title to be announced
I !:35 Mode-Locking Structure in Billiards with Bo Deng, University of Nebraska. Lincoln

Michael Altmann, University of Minnesota.

Minneapolis Spin 4:00 Breakdown of Stability of 2-tori
Kwang 11Kim, You ]'ac Kim and Russell Johnson, Organizer and Yingfei Yi,

11:45 Social Mixing Patterns and the Spread of Setmghwan Kim, Pohang Institute of Science Georgia Institute of Technology
AIDS and Technology, Korea

Ann Stanley, Organizer 11:55 On the Dynamics of Aeroelastic MS6/Wasatch Room
Oscillators with One Degree of Freedom

CPl'Supe,'iorB R,om Adriaan P.H. van der Burgh and Timber I. Turbulence and Wavelets
Compu!ation o! Global Structures ttaaker, Delft University of Technology, The speakers in this nfinisymposium will present an

The Netherlands over_,iew of some recent work on the applications of
Chair: Andrew M. S',uart, U,niversity of Bath. wavelets (and their relatives) to the problem of tluid

United Kingdom and Stanford University turbulence. The presentations will cover the folk)wing

10:15 Numerical Computation of Homodinic • aspects: an examination of the wavelet transform as a

Orbits THURSDAYAFTERNOON,OCTOBER 15 U link between physical and Fourier space descriptions wf
Stephen Schecter. North Carolina State turbulence, the physi,:al-space description and model-
Umverstty ing of turbulent fields by the use of wavelets, the

10:35 Computation of Heteroelinic Connections analysis of the Navier-Stokes equations in the orthonor-
12:15.1¢0 real wavelet representation and the theoretical andin Gradient PDEs Part 1 "

Fengshan Bai, Liniversity of Bath, United Lunch experimental work on the probability density function
Kingdom and Tsinghua University. People's of wavelet coefficients for passive admixtures in fully

developed turbulence.
Republic of China; Alastair Spence. l..¢O,Balhmml 1&2
University of Bath. United Kingdom; and Organizer: Katepalli R. Sreenivasan
Andrea M Stuart, University of Bath, IP2/ChaJr: ChristopherKR.T,Jones. Brown University Yale University
United Kingdom and Stanford University Ergodic Theoryof Strange Attractors 2:30 The Mulliscale Structure of the Passive

10:55 Computation of Heteroclinic Connections The theory of Sinai, Bowen and Ruelle tells us that fur Scalar Field in Turbulent Water Jets
in Gradient PDEs Part ii uniformly hyperbolic attractors the statistics of typical R.M. Everson, Brown University and K.R.
Fengshan Bat. University of Bath. United trajectories are govemed by a very special invarian! Sreenivasan, Organizer
Kmgdorn and Tsinghua University. People's measure. The speaker will present and discuss recent 3:00 Analysis of Turbuler.ce in the
Republic of China: Alastair Spence, results along similar lines for the Henon attractors. Orthonormal Wavelet Representation
University of Bath, klnited Kingdom; and Lai-Sang Young Charles Meneveau, Johns Hopkins
Andrew M. Stuart, University of Bath, Department of Mathematics University

United Kingdom and Stanford University University of Arizona and University of California, Los 3:30 The Wavelet Transform as a lank between
11:15 Numerical Methods for Dissipative and Angeles

Physical Space and Fourier Space
Gradient Dynamical Systems James G. Brasseur and Qunzhen Wang,
Antony R ttumphries and Andrew M. Stuart, Pennsylvania State University
University, of Bath, United Kingdom and
Stanford University 4:00 Wavelet Coefficient Probability Distribution

Functions for Turbulent Flows

11:35 The Complex Ginzburg-Landau Equation: Philippe L. Similon, Yale University
Numerical Schemes and Absorbing Set
Gabriel James Lord, University of Bath,
United Kingdom and Andrew M, Stuart,_

University wf Bath, United Kingdom and
Stanford University
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2.3_ P,_! - a J_J P.X! 2:50 A Nms Passage to (;enerate I)ilTusi_e t,..OU t)W . 7.(_1_t'A!

I PatternsCONCURRENT SESSIONS .\ ia,+,_l+,a,.,I h,. N,,rth ('a,.ul m;, Star,. t 'n W,..,.,,it,.+ | CONCURRENT SESSIONS

,+157,'_lavt_irdR+,+mz 3:10 Sell'-I'rappinl_ ol'Traxeling-D/axe Pulses ('IU MaW,it' R,,om

Coupled Oscillators Hcrmatm Ricckc. N,_rthv,o, tcrn [:nJvcr,,it._ Dynamics of Motion

Nonlinear oscillator,, are among the oldest and be_,t 3:38 Domain Walls in Supcrstrut'tures, ('hair: Mk.'hael Rose. Technical University of
understood type,, of dynamical ,,,,,,tyros. but ver,, litth: Sources, Sinks and their Stability Denmark, l)cnnlark
i,, knov,n about their collective lxthavior. In other /.)avid Razttand |tcrmann Rieukc.
_,,ord.,,,what canhappen v,hen an enormous,number of North_ve,,tern I.miver,,it,, 6:00 Investigations of (Thaos in a Train

Wheelset with Adiabatically Varyingoscillators arecoupled together'.>This minis._ntpositml 3:51) Stability of Stead) Slates of the (;inzburg-
will t'_x'uson the dynamics of large sjstetn_, of nonlinear l,andau Equation in Higher Space Parameters
oscillators, with application'.,le condensed-matter phys- Dimensions Michael Rose, Technical University of
its, chemical reaction-diffusion systems, and popula- Shuichi Jimbo, Okayama t;ni',ersity, Japan I)enrnark, Denmark
tic,n.,,oi biok_gical oscillators, and Yo._hthi.+aM,+rila, Rvukoku University, 6:20 Transient Chaos in Ira/heel l)ynamics

Organizer: Sloven It. Strogatz Japan Gabor Stepan, Teclmical University of
Massachusetts Institute of Technology 4:10 Interaction and Stochastic Dynamics of Budapest, Hungary

l+ocalized States of Multidimensional 6:40 I)ynamic Modeling of Vehicles Traveling
2:30 Fireflies and Coupled Oscillators Nonlinear Fields on Bridges

Steven H. Strogatz, ()rganizer A.5;. l+omov :rod M.I. Rabinovi_.'h, Russian E. Esmailzadeh and M Ght;r,t.,,hL Sh,trif
3:00 Dynamics of Josephson Junction Arrays Academy of Sciences, Russia University of "fechnology, Iran

Kurt Wiesenfeld, Georgia Institute of
Technok)gy

3:30 Nonlinear ()scillators, Biological CP4 Superior A R,umz ('P&B'asatch Rm,m
Rhythms, and Landau l)amping StabilityandApproximation Resonances
Renato E. Mirollo, Boston College ('hair: Natalia Sternberg, ('lark L!niversily Chair: Timothy J. Burns, National Institute of

Standards and Technology4:00 Boundaries of Locking in Weakly 2:30 Systems with Intermittent Switching of the
Diffusive Chemical Systems Activity--I)istinguishing Randont and 6:00 Orbits Homoclinic to Resonances: The
G. Bard Ermentrout, University of Chaotic Processes Hamiltonian (.;ase
Pittsburgh Nathan Platr, Naval Surface Warfare Center, Gyorw HalIcr and Stephen Wiggins,

Silver Spring, MI); ('harles l'resser, IBM California Institute of Technology

MS,_'Ba!h'oom ]&2 Thuntas J. Watson Research Center; and 6:20 Transfer of Capture During Passage

Infinite Oimensiona! KAM Theory Edward Spiegel, Columbia University Through Resonance

Ideas which first arose in the study of finite dimen- 2:50 A Hartman-tirobman Theorem for Maps Timothy J. Burns, National Institute of

sional dynantical systems have recently begun to find Natalia Sternt,,-'rg, ('lark tiniversity Standards an0 Technology and Christopher
increasing numbers of applications in the study of ,t:10 Closeness ofthe _¢olutions of Approximately K.R.T. Jones, b:o',vn University
partial differential equations. In particular, the Decoupled Dampedl.inearSystemstnTheir 6:40 Second Order Averaging and Resonant
Kolmogorov-Arnold-Moser theory has been used to Exact Solutions Amplitude Dynamics of a Nonlinear Two
construct regular solutions for a number of equations S.M. Shahru:, Berkeley Engineering Degree of Freedom System
of importance in matherrtatical physics. What is more, Research lr_stitute and (L Langari. Texas Bappaditya Banojee, Anti K. Bajaj and
numerou.,, other possible applications present them- A&M University, College Station Patricia Davies, Purdue University, West
selves in areas such as scattering theor} of non-into- 3:30 On a Problem of Nirenberg Concernirtg Lafayette
grable equations, stability of solitaD' waves, and the Expanding Maps in Hilbert Space
formation of shocks in dispersive equations. The Janusz Szczepanski, Polish Academy of CP7/Mavhird Room

speakers in this minisymposium will presertt a reviev, Sciences, Poland Chaotic Motion

of known results and explore po_,sible future ave: ,ues 3:50 Structurally Stable Singularities of Line Chair: Troy Shinbrot, L!niversity of Marvland,of investigation. Element Fields on the Plane -

Organizer: Clarence E. Wa)ne I.U. Bronstein and/.I,'. NikMaev, Aca¢lemy College Park
Pennsylvania State University of Sciences of Moldora, Russia 6:00 Piano-like Dynamics and Strange

2:30 Invariant Tori for Nonlinear Wave 4:10 On Stability in Nonlinear Dynamical Nonchaotic Attractors

Equations Sjstems with Perturbations M.S. El Naschie, Cornell University
Walter L. Craig, Brov,n University Oleg V. Anashkin, Simferopol State 6:20 Transition to Hyperchaos in Coupled

3:00 Approximation of Measure Preserving [!niversit.,,, Ukraine Generalized Van Der Pol OscillatorsWilli-Hans Steeb, Rand Afrikaans

Transformations University, South Africa
Peter D. Lax, Courant h>,titute of Mathematical 4:30Golden Cl(ff Rm,m

Sciences, New York University Coffee 6:40 Chaotic Model of Dry Friction Force
3:30 The Forced Toda Problem Tomasz Kapitaniak, Technical University of

Stephanos Venakides, Duke University Lodz, Poland

4:00 Solitary Waves, Asymptotic Stability, and I
Hamiltonian Systems IMichael I. Weinstein. Universit_ of
Michigan, Ann ArN._r 5 O0'Balh,om 1&2

lP3/Chair: Sheldon E. Newhouse, University of
North Carolina. Chapel Hill

'..'V._s,,pe,,,,,t_R,,,,,, Complex Polynomial DynamicsSpatm',Structures
]'he speaker wilt present a survey of research in the

Chair: Xiao-Biao Lin, North Carolina State dynamics of iterated polynornial maps in _me complex
University variable. Fie v,.ill describe some classical results and

2:30 Dynamical Metastability in ('ahn- emphasize recent developments.

Hilliard-Morral Systems John Milnor
Christopher P. Grant, Georgia Institute of Department of Mathematics
Technology State University of No,,,, York, Stony Brook
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M._ld._.l.A,l_ic A'o,.. I ! :01) Composite Knots in the Figure-8 Knot
: FRIDAYMORNING, OCTOBER 16 cThis sc._.._io,will r.. umi//2:30 P,'_t_ Conlplement can have an)' Numher of

C0ntr011i_lg Chaos Prime Factors
Michael Sullivan, l.lniversity of Texas, Austin,

7 30/Ballrt_om/"oycr Many interesting and difficuh theoretical and practical

Registration Opens problems in control systcln design involve complicated I ! :311 The Measure of Nonhyperbolicity in
(Thaotic Dynamical Systemsnonlinear dynamical phenomena in tundamcntal ways.

The growing body of descriptive work on chaotic s)ts- Ying-Cheng,/'c/so (;rvl_,,.,gi and J':mes A,
8 ,'_O,Balhomn 1,..¢,.2 reins has lt relevance and applicability lo sttch pr(_blems Yorke, Llniversity of Maryland, ",.'()liege Park
IP4/Chair: Chris,)pher K.R.T. Jones. Brown Llniversity that control theorists have on!y recently begun to :tppre-

Chaos in Near-lntegrableSystems clare. Concurrently', tilt dynamic systems conimunity CPk'/Sulwrior A Ro,ml
This presentation is an overview of numerical and hasstinted to recognize hovethe control theorists" pre- Phase Space Reconstruction and Time Series 1
theoretical studies of chaotic behavior in near into- scriptive attitude not only casts a fresh light on old

grable soliton systems, specifically tor perturbations of problems but engenders important new questions about Chair: James Theiler, t.os Alamos National
the nonlinear Schr6dinger equation. IThe work has practical situations thai dynamical systems theory is l,aboralory
been done in various collaborations with A. Bishop, N. well-equipped to answer. Each speaker iii this 10:00 Mixed Slate Markov Models for

Ercolani, G. Forest, Y. Li, E. Overman, S. Wiggins. antt minisymposium considers a class of nonlinear control Nonlinear Time Series
systems whose dynamic,,_ exhibit chaos ill one torm or Andrew M. Fraser, Porthmd State University

C. Xiong,i another. The first three speakers address the problem ofThe speaker will begin with a brief summary of 10:20 Bleaching and Noise A.aplitication in
typical phenomena which have been observed numeri- suppressing an open-loop sy,,_tem's chaotic behavior Time Series Analysis
call),: and then focus upon the use of the spectral using feedback control; while the first two speakers James Theiler, Los Alamos National

approach their problems from a purely deterministic Laboratory
transform to display instabilities and hyperbolic strut- standpoint, the third speaker models his system's com-
ture in the integrable system. This hyperbolic structure " 10:40 Analyzing Chaotic Time Series Using" " plicated open-loop dynamics probabilistically. The -
is responsible for the system's sensitivity to perturba- fourth speaker considers a situation iii which chaos Empirical Global Equations of Motion
trans. In particular, he will identify invariant critical tori results from controlling a nominally well-behaved svs- Jeffrey S. Brush, RTA Corporation,
and analytically represent their stable and unstable " " Springfield, VA and James B. Kadtke,

" • tem; the asymptotic statistical properties of the closed-
manifolds -- whiskeredtori --Ibrthis integrablesoliton loop system's chaotic dynamics depend upon the con- University of California, San Diego
system. The spectral transform is used to monitor

trol scheme, and are therefore subject to lhc designer's ! 1:00 Computing the Inferable Number of
numerically the presence of this hyperbolic structure in influence. Dynamical Variables
the perturbed numerical experinients. Finally, the sta-
tus of the geometric perturbation studies of the system Organizer: David F. Delchamps ,Ioseph L. Breeden and Norman H. Packard,
will be reviewed. Cornell University University of Illinois, Urbana

11:20 Reeursive Analysis of Chaotic Time Series
_ David W. McLaughlin 10:00 Control of Systems with Homoclini¢ and Jaroslav Stark. GEC Hirst Research Centre,

Department of Mathematics and Heteroclinic Structures United King&ml
Program in Applied and Anthony M. Bloch, Ohio State University,
Computational Mathematics Columbus and Jerrold E. Marsden, 11:40 Dynamical Nonlinear Equations Obtained
Princeton University University of California, Berkeley from Time Series

Hans-Ruedi Moser and Peter F. Meier,

10:30 Bifurcation Control of (Thaotic Dynamical University of Zurich, Switzerland
9.'30/Gohh, n C'li[l'Ro,ml Systems
Coffee Hua Wang and l:vad 11.Ahed. University of

Maryland, College Park CP91Stq_erior B Room

I1:00 Analysis and Control of Nonlinear Systems Oscillationand Invariance2
with Complicated Behavior Chair: Cannon Chicone, University of Missouri,

10:00 AM - 12.'00 PM Kenneth A. Loparo and Xiangbo Fong, Case Columbia

C0 N C UR RE N T S E S S I0 NS Western Reserve University
11:30 Invariant Densities and the Macroscopic 10:00 Numericaland Experimental Studies of

Self.Synchronization and Synchronized
MSg/Ballroonl 1&2 Asymptotic Behavior of l)igitally Controlled Ch_,os
Defectsand Singt.llarities Continuous-TimeSystems Ma,'ia tie Sousa Vieira. P. Khoury, A.J.
The notion of defect, together with other singularities, David F. l)elchamp:,, Organizer Lichtenbe g, M.A. Lieberman, and W.

plays a prominent role inmany physical theories. These 12:1)0 Destabilizing Limit-Cycles in Delta-Sigma Wonchob;_. University of California, Berkeley;
notions often have mathematical counterparts in the Modulators with Chaos J. Gullicksen, J.Y. ttuang, R. Sherman and M.
form of inherent singular behavior of nonlinear partial Richard Schreier, Oregon State University Steinberg, Loral Aerospace, San Jose, CA
differential equations serving as models for the physi-
cal phenomena. Various approaches to understanding MSll/Wasatrh Room 10:20 lnvariants from Lengths of Caustics

: the nature of such rnathematical models, in several Saddle Orbits Edoh Y. Amiran, Western Washington
University

physical contexts, wilt be given. Saddle periodic orbits provide an important character- 10:40 Collective Behavior in Limit-Cycle
Organizers: Paul Fife ization of dynamical systems. The speakers in this Oscillator Arrays

University of Utah, and session describe both theoretical results and applica- ,lefl)'ey L. Rogers and Luc T. Wille, Florida
Peter Sternberg, tions to experinaents. The), will discuss how saddle Atlantic University

: Indiana University, Bloomington orbits can be extracted from experimental data to con-

10:00 On the Dynamics of Defect Structures in strum a geometric model of the dynamics of the expert- 11:00 Lyapunov-Schmidt Reduction for
Liquid Crystal Materials ment: the characterization of knots produced by flows Bifurcation of Periodic Solutions in" Coupled Oscillators
M. Carrne Calderer, Pennsylvania State in three-dimensional systems such as the L.ol'enz equa-
University, University Park tions; the creation and destruction of hyperbolic and Carmen Chicone, University of Missouri,

nonhyperbolic fixed points as a parameter is vitried: and Columbia

10:30 Motion of Defects symmetry, fixed points, and what they imply about the 11:20 Chaotic Behavior in a Two-Frequency
J. Rubinstein, Technion - Israel Institute of structure of attractors. Perturbation of Duffing's Equation
Technology, Israel Kazuyuki Yagasaki, Tamagawa University,

= 11:00 Regularization of the Coulomb Singularity Organizer: Eric Kostelich
Arizona State University Japan

- John Neu, University of California, Berkeley 1! :40 Attractors of a Driven Oscillator with a

11:30 A Topological Defect Model of Superfluid 10:00 Geometry from Saddle Cycles Limit Uycle
__: Nell Carlson, Purdue University, West Robert Gilmore, Drexel University Ibere Lui: Caldas and Kai Ullmann,

Lafayette 10:30 Structure of Attractors for Continuous University of Sao Paulo, Brasil
- Mappings

Ian Melbourne, University of Houston
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Svnirnei;V irlOvnamici;_.tSystems I C0 N C UR R ENT SESS I0 NS ,,<_,emDeveloping:, nifferenli_!ltDelay
Chair: Mary Silber, {'alifl)mia Institute tffTcclmtfltlgy Equations

10:00 Bifurcations with Local (iauge MS! 2 k'lagpic R+,_ml Thi_ Illinis)'illl_tlXitlni will ltlc.'tlStilltlli recent develop-
S)mmelries: Patterns in Supereonduelilrs 07nami0at Problems in Theoretical Chemistry inenl_ iii lhc Clualitalivc ihcory _ffiilUCdelay differential
Ft'Ht'A![7_H<ItI_mild Marlin (;tllubitsk)', i)ynanlic:il sySlClllS theory is concerned wilh lhe glo- equations. Such equations arise iii nlotlels iii a ilUlnber
University tit tttluslon, University Park and hal, gt,iinicirical aspects tit" lhc tlylltUlliC_ til" nonliiic'ar {ii' scicniit'ic fields (hioh_gy, oi)tics, eleclrical circuit
Jacck "l'ur_,ki,[!niversily til ttousltln, s),stelns. There has reccnlly hec'n much inicrcsl in theory, econolllics), andarc studied using the idt:asand
[)o_.VlllO_,_,ll al_rllying this al)pr{);.lchIt/lhc ftllllltllalitin mild._tutlyiii iool,_ofintinile dinlcllxional d)'naniic;.ll sysit'nls. Meih-

10-'20 Hidden Sylnnieiries in Ilifurcations of ;.ivariety of I)roblelns ofct'iilral hlll)Orlancc iii theurcti- uds are drawn illlln lunliolial analysis (sellligroup
Seri'ace Waves: ()ccurence and I)etection cal chellliSlly, t:t)r exalnl_le, lhc phl2nOllli2lltln t)|' iii- theory), algebraic iOl)tilogy (degree iheilry, (gtillll2y

John l)avid ('rawford. [inivt'r._il)' til tranlolecul;.ie energy Now and its nlanifeslalion.: iii indcxl, and #cner;.ll icchilique_ tit" di._sipativc ._y._leln._
Pittsburgh chelnical kinelic_ and Sl)eCllOSCOl_yi_ very nalurally (allraciorx, Olliega linlil st'is).

10:40 Syncbrony and Synlmeiry--Breakingin ._ludicd ;.is a problem of phase ._paceir;.inspori. The ()rgauizer_; John Mallei-Pi.teel,
l,aser Acr'_-_vs speakers in this nlinisynlptlsiun_ arechenlists who will Bnlwn [Jniversily i.llld
Mary Silber. Caiii,)iiiia Institute lit speakon different i_roblelns with theCOlllnlt)n thelne til Roger Nus_;hatlln,

"|'echnology how insight fronl Iltmlillear dynamics can be frtlilfully Rulgers University
brought Iii bear on i_nlblenls in chelnislrv. 2:30 Funclillnal i)iffereniial Eqlialions ArisingI i:llt) Mechanism of Synlmelry Crealhln in a

Plane ()rganizers: (iiot2Oly I-]zra, from Siruclured Population Models

Ifl//(;'hlH alld C¢lso (lrebogi, Univer.sity of Cornell tlniversity alltl I.lal [,. Smith, Arizona Slate University
Maryland, College Park and lilai Kan, Slephen Wiggins, 3:00 (?ompleieness of the System uf Fluquel
(leorge Mason l_Jniver_ity California Institute til"Technology Snlution._

11:20 (i-mode Solutions of Classical i)ynamical 2:30 Hierarchical Analysis of Molecular Speclra Sjoerd Verduyn l.unel, Georgia lnsilule of
Systems Michael }. l)avi_, Argonne Nalional Technology, alid Vrije [Jniversiteit
Serge Prishel)ionok, Poilland Slate [.aholaitlry Anl._ierdaln, The Netherlands
University 3:00 Control over Molecular Motilln: Issues 3:30 Discrete Vi'ayes iii Systems ii| Delay

11:40 Dynamical Systenls with Cosymmetry and and Paradigms Differential Equations
Bifurcation Theory tterschel A. Rabitz, Princeton Llniversity Jianhong Wu, York University, Canada
Vicior 1.Yudovich, losiov State {Jniversily, 3:30 Local Random Matrix Models ht" 4:00 Structure ufthe Attractor fur Delay-
Russia Ouantunl Chaos in Many.l)imensiunal Differential Fqualions with Negative

Systems Feedback
P.G. Wolynes, University _ll' Illinois, Konstantin Mischaikow, (leorgia Institute oi

I [ Irbana-Chanll_aign "."ethnologyFRIDAYAFTERNOON,OCTOBER16 4:00 Bifurcation Analysisoftlil_hlyFxcited
M_decular Spectra CP I IIMavlfird /6,ore

12.'¢10 fL'_;,.h:telE. Kcllman, University of ()regon, Taylor-Couette Flow
i Lirich I(tigene
<'" {'hair: Rita Meyer-Spasche, Max Planck Institute

fi.ir Phlsnlaphysik, (;crmany
I .'.qf)/Ballroom I &2 MSI31Bu/_. _t;tll ] &2

IP5/Chair: Sheldon E. Newhouse, University of Siochas?ic Resonance 2:311 I)ouble Eigenvalues and the Formation ofFlow Patterns

North ('arolirla, Chapel Hill The term slochastic resonance refers to ii peculiar Rita Mcycr-Spasche, Mit_ Planck Institute

Coniputationai Complexity and Chaos physical phenonlenon in which an increase in randonl fur Plasmaphysik, Gernlany

The theory of computation {iriginated in the 1930's noise Call give rise to ;.ininll'lrtived signal-to-noise ratio. 2:50 Connecting Double Pnints in Taylor
with the work of logicians _.ho were interested iii Origin;ally put forward as an explanation for the ap- Vortex Flows
questions of decidability. This work was refined and proximate periodicity til' Earth's Ice Ages, stochaslic John H. Bolstad, i.awr,:nce l.;vermore
further developed in the 1960's by computer scientists resonance invulves the fundamental interplay between National l.aboratory

who were interested in the intrin_,ic difficuhy oi'solving combined periodic and st_chastic forcing Dfa nt)nlincar 3:10 Numerical Lyapunov-Schmidl
discrete problems, system. Sttv,:hastic resonance has been observed in a Decompositiol, near Mode Interactions in

The speaker will di_,cuss her joint work with Shub variety of coiltrolled experiments, including those on the Taylor-Couette Flowoptical, electrical, and nlechanical systems. The speak-
and Smale on a new theory of computation and com- John tl. Bolstad, l.awrence Livenuore
plexity that integrate>, key ideas from the classical ees in this minisympusium will describe the current

mathemalical status of the subiect, and discuss frontier National Laborat_ry and Mi_'hael t=..
theory in a setting merc amenable to problems over lh'nderson. IBM Thomas J. Watson
continuous dtm_aim,, This new theory yields results in issues in two areas of potential application. Research Center
the continuous setting analogous to the pivotal classical Organizer: Kurt Wiesenfeld
resultsofundecidability and NP-completenessover the Georgia Institute of Technolt_gy 3:30 i,ow Dimensional Models of TaylorCouette Flow

integers. For example, over the reals, the Mandelbrot 2:30 The Theory of Stochasic Resonance Katic ('ouyhlin and Philip S. Marcus,
set, a_ well as most Julia sets, are undecidable. Peter Jung, University of Augsbcrg, University of California, Berkeley
i,enore Blum Germany 3:50 Confinement Effects in Flow between

International Computer Science Institute 3:I0 Stochastic Resonance in ()plical Sysiems Cnunter-Rutating Cylinders
Berkeley, CA Rajarshi Roy, Georgia Institute of Randall P. Tagg, University of Colorado,

Technology Denver

3:50 Stochastic Resonance. _i Potential 4:10 Spiral Vortices in Finite Cylinders
Application in Neuroscience Edgar Knobloch, t;nivcrsily of California,
Frank Moss. University of Missouri, St. l.ouis Berkeley
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m_r: Gottfried Maver-Kres,,. Santa Fe Institme

( "F[.? _ '(l._¢tt(h Ah_,_ttl 7 3t) thdlro,,m I",)vcr

30 Chaotic System Identification Using Demv Equations Registration opensLinked Periodic Orbits " " -

Stephen t hmlmcl and James lqcagy. Naval ('hair: Jacquc,, Bclair. !,hti_cr .ii0dc Montrdal. ('allatla

Surface Warfare Center. Sih'er Spring. MD 6:11tl Periodic Suhitions oi' Differential l)elay ,',".¢(ABallr,om 1&2

50 Wavelet Reconstruction of Spatio- Systems lPT/('hair: William l.. Kath. Northwestern University

Temporal Chaos Anatoli l=cdtuw, ich lvauov, t:kramian Dynamical Systems ProbleMs for the

Gott.fi.ied Mayer-K,, , _.Santa Fe Institute ,,\.t:atJerll_,of Sciences. t!krainc, ;.ltld Superconducting Super Cotlider
and Ulrich Parlitz. t _Hversitiit Darmstadt. t.;nivcrsit£tt Munchcn. Germany "

Beam dynamics al the super-c_fllider presents a thai-
Germany 6:20 Stability in a l)elay-l)itTerential Equation

10 Nonlinear Prediction as a Way of Modeling a System of Two Negative lenging class of theoretical problems in dynamical
Distinguishing Chaos from Random Feedback i,oops systems. The central issue to understand iN particle
Fractal Sequences Jacques Bcl-dr, Univcr_it6 tic Nltmtrcal, stability for roughly IO '_revolutions around the 87 Km

machine. A basic model is the single particle dynamics
AA. T.sonis, University of Wisconsin, Canada and McGill University, ('anada

governed by a one-revolution 6D sympletic map com-
Milv, aukee and J.B. Eisner, Florida State 6:40 Non.Existence of Small Solutions for posed of the I(),O(l(I magnetic clemer, ls, cr one of
University Scalar Differential Delay Equations several Hamiltonian flw,v approximations to this nmp.

30 System Identification with Aperiodic and Yulin Cao, University of Georgia Other elfccts arc included perturbatively. Thus math-
Chaotic Driving Forces ematically it ix important to tmderstand the stability of
Alfred Hubler. University of lllinois. Urbana

CPI4/Superim B Room this nmp, the stabilily of its approximate flows and the
50 Quantification of Recurrence Plots for Fractals ant1 invariant Measures effect of perturbations.

Analysis of Physiologic Systems The speaker will rev;2,_ iim status of stability
Jo.seph P. Zbilut. Rush Medical College, Chair, John C. Sommercr, The Johns Hopkins investigations and the associated slow parlicle loss
Chicago and VA Edward Hines, Jr. t-tospil;', University problem, discuss ensemble evolution and penurbative

Hines, IL and Charles L. Webber, Jt'., Lw ola 6:06 A Fast OtN) and Memory Efficient effects such as synchroton radiation (based on the
University Medical Center, Maywood, IL Algorithm for Box Counting Lorentz-Dirac Equation) and mfise in the RF: caviiy.

10 On the Transferring of Chaotic, Periodic Gerald R. Chachere, Howard University The latter involves a stochasn,: theory of adiabati',"

and Ergodic Properties from Subsystem to 6:20 A Physical Fractal with a Pedigree invariants and weak convergence techniques.
Extended Dynamieal System John C. ,_'otttm¢l'dr. The Johns tlopkins James A. Ellison
Janus- Szc:epanski and Eligiusz Wajnryb, Llniversity and Edward Ott, Universib of Department of Mathematics and Statistics
Polish Academy of Sciences, Poland Maryland, College Park University of New Mexico, Albuquerque and

6:40 Approximating the Invariant Measures of SSCL, Waxahachie, TX
30/Gohh'n CliffRoom Finite Dimensional Maps

O.f_ee Fern Hunt, National Institute of Standard:, 9:30/Gohh, n ChffRoom
and Technology Coffee

7:00 3he Singularity Spectrum of Self-.Affine
Fractals with a Bernoulli Measure

.h,rt_ S('hmelin_,, and Rainer Sicgmund- I0.00 AM - 12 .00 PM

O0/Ballroom l&2 Schultze, Inslitute for Applied Analysis and I
"6/Chair: Peter W, Bates, Brigham Young Stochastics, Gernaany -- C0 ItC UFIRE 11T S r:$ $ IO 11S
niversitv MSI %'Magpie Ro(mt

-plitiing Separatrices and Arnold Diffusion CPlS:Mavhird R,,,,m Invariant Manifolds

--paratrices, which are ubiquitous in Hamiltonian sys- Homociinic Orbits and Chaos t in the study of dynamical systems, the theory of invari-
ms, bound regions oi contrasting dynamical behav- (/hair: Sue Ann (/ampbell. L;niversit,5 de Montr6al, anl manifolds has proven to Ix., a fundamental and
r. ]'he separatrices generally split apart under pertur- Canada useful idea. In this minisymposium, the speakers will

-,tions of the Hamiltonian system. If the perturbation 6:00 Application of Melnikov's Method to an discuss center manifolds for reaction-diffusion equa-
small, interesting dynamics associated with the eor- Aeroelastic Oscillator tions with time delays, the existence of invariant tori for
spending homoclinic and heterocltnic intersections Oded Gottlieh. Massachusetts Institute of Hamiltonian systems and applications of invariant

-velop. For instance, phase space points can travel Technology and Rtmald B. Guenther, manifolds in mathematical physics.
ngdistances, no matter how small the p':rturbation, as Oregon State University Organizer: Kening Lu

ng as ii is non-zero (Arnol'd diffusion). 6:2tl A Structurally Stable l)ouble Pulse Brigham Young University
iovanni Gallavotti Heteroclinic Orbit 10:00 Stable Manifolds and Nonlinear Pl)Es

cpartment of Physics Sue Ann (Tampbell. Universitd de Montrdal, Russell Johnson. Universita (li Firenze, Italy
_niversity of Rome 1, Italy Canada and University of Southern California,

6:4tl Mel'nikov Analysis of Some Homoclinic- Yingfei Yi, Georgia Institute of Technok)gy
Heteroclinic Bifurcations Dfa Nonlinear and Xing-Bin Pan, Zhenjiang University,
Oscillator People's Republic of China
Mark Francis Dabbs and Peter Smith, Keels 10:30 Centre Manifolds for Reaction Diffusion

University, United Kingdom Equations with "rime Delays

7:00 The Existence of Homoclinic Solutions fiw Joseph WA-t. So, University of Alberta, Canada

Autonomous i)ynamical Systems in ! 1:0t) The Existence of Invariant Tori for a

_ Arbitrary Dimension Class of Hamiltonian System
Joseph R. Gruendler, North (:arolina A&T Zhihong Xia, Georgia Institute of

: State University Technology

! !:30 Invariant Helical Subspaces for the 3-D
h'OO/Balh'm,m I &2 Navier-Stokes Equations

BLIsir;PsS Meehnq Sidney Leibovich, Cornell University; Alex
" Mahalov, Arizcma State University; and

SIAM Activity Group on Dynamical Systems Edrt.s._Titi. University of California, Irvine
- and ('ornell University
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,,alh., ,

M5 lOBalh'oom /&2 11:00 An ()ver`,iew oi' Random Behavior in

N-,r_.iinea; Optics and Hamiltonian Systems Celestial Mechanics SATURDAYAFTERNOON,OCTOBER 17

ttamihc, nian and conservati`,'esystemsarise frequently kid_ard Moe,.'kel. Universit_ of Minnesota
in nonlinear optics, due to the low intrinsic loss rates ! 1:31t Ergodic Behavior in Mechanics oi' /2Ot_
which can be achieved in optical systems tc.g., m Colliding Particles Lunch
optical fibers). The use of dynamical systems tech.- Maciej Wojtko_ski, I.'.niversitv oi'Arizona,
niques tlas led to next, insights into the behavior occur- "l'tzscotl
ring in such applications. This nfinisymposium will be 12:00 Geometrical Ideas in Mechanics of I..¢(J,Ballro+mt I &2

comprised of presentations that illustrate how these Flexible Space Structures IPS/Chair: Paul Fife, University of Utah
techniques (including Hamiltonian and.imegrable sys- Mark t.evi, Organizer Bifurcations and Traveling Waves irl a

terns methods, stability and bifurcation theory, and Delayed Partial Differential Equation
stochastic processes) are currently being utilized to
study the dynamics of light m nonlinear optical sys- CPlO/Sulwrior A Ro,mt The speaker will discuss cell population dynamics
terns. Control of Dynamical Systems which there is simultaneous proliferation and matur;

tion. The mathematical model is a nonlinear first ord(
- Organizer: William L. Kath Chair: Bijoy Kumar Ghosh, Washingten L!niversitv partial differential equation for the cell density

Northwestern University 10:00 Analysis of a Method t'ur Tracking which then: is retardation in both temporal and mature'
10:00 Class B Laser Oscillations Unstable Orbits in Experiments tion variables, and depends on three parameters. F't

Thomas Erneux, Northwestern University Ira B. Schwartz, and loana Trianda/. Na`,'al strictly positive initial functions, there are three horny

10:30. Soliton Robustness and Hamiltonian Research Laboratory, Washington, DC gencous sohltions of biological importance: a trivia

Defurmations in Optical Fibers 10:20 A Perspective,";,,'stems Approach to solution, a positive stationary solt,tion, and a tin:
Curtis Menyuk, University of Maryland, Problems ia _.omputer Vision periodic solution. For zero initial conditions, there m,
Bahimore Count)' Bijoy Kumar Ghosh, Washington University a number of different solution types depending on It,

!!:00 An Unstable Modulation Theory and 10:40 Using the Butterfly Effect to Direct Orbits theory parameters: the trivial sob, rien, a spatiall
inhomogeneous stationary solution, a spatially homt

Optical Oscillations to Targets in C.haotic Systems geneous singular solution, a traveling wave solutio/
David Muraki, Princeton University Troy Shinbrot, Uni`,'ersity of Maryland, slow traveling waves and slow traveling chaotic wave_

11:30 Polarization Decorrelation in Randomly College Park The speaker will delineate the regions of paramet_
Birefringent Nonlinear Optical Fibers 11:00 Model-based Control of Nonlinear space in which these solutions exist and are local]
Tetsuji Ueda, Los Alamos National Laboratory Systems stable, and present some numerical results.

,losel:h 1.. Breeden and Norman H. Packard, Michael C, Mackev
Llniversitv of Illinois, tlrbana

MSI 7/Wasatch Room • Departments of Physiology, Physics and Mathematu

The Dvnamics for Patterns in Excitabie Media ! 1:20 PD High-Gain Natural Trmking Control -rod Centre for Nonlinear Dynamics in Physiology m;
-, of Time-Invariant System' _)esc,'ibed by Medicine

The speakers in this minisymposium will present recent IO Vector Differential i.._tions McGill University, Canada
results m the analytical, numelical, and experimental 14'illiant Pratt Merit!li'ehi, ' .._ :iana State
investigation of waves in two and three dimensional University Baton Rouge and z ut,,mair T.
excitable media. Grujic, Ltniversity of Belgrade, Yugoslavia

2.'30 PAl -4.30 PM
Organizer: James P. Keener 11:40 Dynamics and t.'ontrol of a Flexible Beam I

University of Utah Eric H.K. Fung, Hong Kong Polytechnic, I 00 HC U R FIE HT S ES S i 0 N ',
10:00 Defects, Spiralsand Fibrillation Hong Kong

E. Meron, University of Arizona MS I9.,'Ballrom I &2

10:30 Scroll Waves in Excitable Media CPI 7Superior B Room Dynamics of Infinite-Dimensional Problems
John J. Tyson, Virginia Polytechnic Institute Fit;lOs 1 The speakers in this minisymposium ,,viii discuss cxi,-,

and State University Chair: David Wollkind, Washtngton StateUniversity ence of global attractors for locally damped wm
I 1:00 Behavior of Vortex Filaments in Three- equalions, connections with stabilization and comple/

Dimensional Excitable Media: Results of 10:00 Bifurcation Analysis of Turbulent Mixing controllability and applications in thin domains. Th_
Some Numerical Simulations Effects in me Chlorite-lodide Reaction will also discuss lower and upper semicontinuity

Chris Henze, University of Arizona Rodttt, v O. f"o._and Gholanl Erjaee, Kansas attractors for contint, ous and discrete tlows, structur_
State University stability of flows, effects of shape of domain on dymm

I ! :30 Dynamics of Organizing Centers in
Excitable Chemical and Biological Media 10:20 Roads to Turbulence in Dissipative its in PDEs, existence of rotating waves on a thi/
Arkadv M. Pertsov and Jose Jalife. State Dynamical Systems: Amplitude annulus, and convergence to equilibrium soh,tions ,

University of New York Health Sciences Modulation as a New Road Organizer: Shut-Nec Chow
Center, and Michael Vinson, Syracuse Sloh_Man R. Sipcic and Ahm Russo, Boston Georgia Institute of Technology

Universit)' University 2:30 Limits of Semigroups Depending on
10:40 A Nonlinear Stability Analysis dfa Unified Parameters

Aerosol Model fl)r Thin Layer Rayleigh- Jack K. Hale, Georgia Institute of Technolog.
,'qa 18/Mavhird Room Benard Convection

(This session will ttttl ltttttl 12:30 PM.t David J. Woltkind, Washington State 3:30 Attractors for Locally Damped
Dynam cs O1 Mechanical Systems Llniversitv Hyperbulic Equations

• _ " Genevieve Raugel, Llniverstt6 Paris-Sud,
The speakers in the minisymposium will concentrate 11:00 Flow-induced Liquid Crystallization and France
on various aspects of geometrical methods in mechan- Pattern Formation in Suspensions
its. (Note: The following talk titles are tentative). Andrew J. Szeri, University of California,

Organizer: Mark Levi Irvine

Rensselaer Polytechnic Institute 11:20 Navier-Stokes Equations

10:00 Some Homoclinic Phenomena in Slowly G. Adomian, Athens, GA
Varying Hamiltonian Systems ! ! :40 Chaotic Behavior of ('onvective Motions
Tasso Kaper, Brown University in the Solar Atmosphere

10:30 The Resonance Phenomena in A. Ihmslmeier, L'niversitat Graz, Austria and

: Hamiltonian Systems A. Nests, Kiepenheuer lnstittit for
- Gregor Kovacic, Rensselaer Polytechnic Sonnenphysik, Germany

Institute
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MS?.OMa_,pw Ro,,m ('P/._ ._h_t).d H, ,,,m 3:I0 Solitons on a Vortex Filament _ith Axial

Ktmiakt K, mno. Nd_on L'nKersit>, Japan and
Nonlinear optics is a highl> d|_ersit'ied research field. Chair: l)ebra [.e_is. tni_erstt_ of California. a Yoshi 11. lchika_a, Na(tonal l|lstitute fnr

strongl) driven b> the needs of modem technolog._ h Cru/ Fusion Science, Japan

uffers the applied mathematician a mar_ elouq_ rich 2:30 Bifurcations from S_mmetric Relative 3:30 A Package for Determining Pattern
and varied _et of mathematical challenge_ Perhap_ Equilibria Selection in Convecting Systems
best knov, n are the problem_ of solmm prt,pagaHon m [)ebra l.c_ i_. Uni_ er,,it_ of Califomu_. Santa Thomas Clune. I.:niversit_ of California.
optical fibers und lhc vhaolic L[_,llanlic,, o|a Mll_te- ('rH/ Berkele_
mode homogeneousl._ broadened ring la,ct. Irlo_ e_er.
optics offer much lllore to the dpplied rnathemaHc_an. 2:51) Conley Decomposition for Fixed Bounds 3:50 Lyapunov Exponents for Hydromagnetic

The theme of this nlinl,%% nl|_)MtJlll i_ h_:ali/ed on Pseudo-l)rbit i)e_iations from True Con_ection
nonlinear structmes and M_.'_rllaneouspattern [t)rnla- Orbits Jurgen Kunhs, Max-Plant'k-Gesellschaft ,an
tion in pas:,ive and active m)nhnear optical s_qem_. Douglas E. Norton. \:illanm,a University der Universitat Potsdam. German)

Wh:'re appropriate, analogies _ iii b_?made a lth t*ther 3:10 An Extended System _,ith Determined 4:10 Atmosphere-Ocean M(_els _,ith
ph) steal s._stem_ such asconvection of fluitB.. The goal Auxiliar) '_ectors for I.ocating Simple Quasiperiodic or Stochastic Forcing
is to introduce problem_ of great current interest _ htch Bifurcation Pnints John Brindlev. University of Leeds. United
are just entering the nonlinear optic_ matt_.stream. Yun-Qiu Shen. Western Washington Kingdom and Albert Barcilon, Florida State
Emphasi_ _ iii be placed on nonlinear pde', which arise LTnive.r_h) Universi b
either as initial or initial;_oundar_ _alue prt_blems. The 3:30 Computer Generation of S.vmmetric
role of lmpo_,ed or nonlinearl> induced _patial g_aungs Oatterns

4:30Golden ('hff Room
on an optical _a_elength _cale. _hen ophcal v, aves l.)a_id N_.ok-v, al ('hung. (ht._ Pol)technic of
counterpropagate in a nonlinear medmm _ ill behigh- Hong Kong. Hong Kong Coffge
lighted.

Organizer: Jerome V. Mohme_" ('PI9 Supert,r.4 Room 5.l;(_/Balh, 71 1&2

l'ni_er_=b of .:kr_/ona Physical _.;aphcallons ! ll_/Chair: James Keener, Unive,'sity of Utah

2:30 Instabilities ofCounterpropagating Light Chair: Cello Grebogi. Universit_ of .Maryland, Chaos and Fractals in Physiology and_'a_e_ in Kerr and Brillouin Media " "
Colin J. McKinstrte. Lm_er_it_ of Rochester College Park Medicine

3:00 D)namics of l.ilzht Pulses in Periodic 2:30 Algebraic Deca) and Phase-Space Health) systems in physiolog)' and medicine are rc-
Structures Metamorphoses in Microv_ave Ionization markable for their structural and dynamical complex-

Alejandro Ac_ :'rs_t_ ot Ne_ Mex ico of H)drogen R)dberg Atoms ii)'. The com'epr of fractal gro__.h and form offers novel

3:30 Spontaneous I'a_ " -ormation in Wide )me-Ctwn.e Lai and Celso Grebogi. approaches to understanding morphogenesis fron_ the
Uni_ersit_ of Mar) land. College Park: level of the gene to the organism. Scale-invariance and

(;ain Section l.a_,,_, Reinhold Blumel. t'nl_er_it) of Delaware: long-range power law correlations, markers of phe-
Jerome V..%_olone_. ()rgaruzer and Mingzh,,u I)ing. Florida Atlantic nomena having a self-similar or fractal origin, are also

4:00 Localized States in Fluid (,on, cotton and t.!niver_,it_ features of healthy physiological processes, such as

Multi-Photon l.asers _'50 Hamiltonian DYnamical Anahsis of A regulation of the heartbeat. The complex variability
James A Pov, cii. l':ah State Lm_ erqt_ "" ' • exhibited by such sv, terns and its relation to determin-

• Basic "F_o-W'a_e Interaction in Plasma - •
Physics istic chaos is under active investigation. Perturbation of

• health) systems by diseases, drug toxicity or aging
MS2/ lta._a[_ tt R_,,nt ,_tar_ l'lmhanan and John J. Doming. most often leads to a loss of complexity or shorter-
Neu! :,_iNetwOrk5 t.niversitx of Virgima range correlatmns. Nonlinear dynamics provides new
Many sc_enusts tire no,_ stud)in_g ho_ the brain +_orks 3:10 Tori and Chaos in a Nonlinear D._namo mays of quantifying t_)th health), variability and the
and ho_ idea_ a_._ut bi.qh)gical |melhgence can h_.u_ed Model for Solar Acti_it) pathologic loss of complexity, and is providing new
to solve difficuh technological problems, notabl) pn_b- l Irike Feudel. Max-Planck-Gesellschaft an methods of bedside monitoring, including _he preven-
lems concemm_ autom_mous adaptive twha_ tor m rc- der [:ni_ersilhl Potsdam. German) hon ofsudden cardiac death.

sponse t,_a nonslanonarx _rld. Neural net_,ork rood- 3:30 Thermodynamics of l)issipati_'e Systems Ar._ 1.. (;oldberger
els are t>picall) defined h_ nonlinear d>namical _._s- Victor Berdichevsky. Georgia Institute oi Harvard Medica_ School and

terns oi hi_,.hdinlen_on _ h_ch _rltludc muh_plc xpalial Technoh)g) Beth Israel Hospital. Boston
;rod temD)ral _cale.,. The_ embod_ man_ ne_ compu- 3:50 Permanence of Stochasticity Thresholds in
tational ideas h,r sol_ _ng problem_ In m_agc pn_-c_ KAM S)'stems
ing. speech and language underqandlng, pattern rec_)_- A A'_ot/_and F. Zan/ucchi. t'niversita di
nltion, nonMatlonar 3 ptedic|lon, adaplD, e _.'_rllr_)l.qa- Parnla. hal_

tisHcal e_timation, and h) D_thc,,_,,tc,ring. 4:!0 Control of Turbulence and Transport in
The _,peaker_ m th_, mm_X_mp_mn_ wdl de- the Small Tokamak TBR-.I

scribe recent result_ at_ul modeK o! learning, pattern II)er(' Lot: ('ahla._. Maria Vittoria A.P. Heller.
recognm_m, prediction, and c_mtrt_l. Raul .%1.Castro. Ru_ P. da Sdva, Zoe/er A.
Organizer: Stephen (_roxsberg Brad;litr. t.mxersitx c,t Sao Paulo. Brasil

B()stt)n L'nlversll',

2:30 Saturation of Outputs for Positi_-e ('P2¢_ .'_up.:,_,. B R_,,,m
Feedback Networks at High Gain _':!_,d 5
%l_rri_ \V. Hir,,_.h. tm_er_t_ _t['alH_m_a.
Berkele_ Chair: 1_ ht"annt_un_ed

3:10 Learning, Pattern Rec_gnition. and 2:._) Pattern Selection in Rotating Raleigh-
Prediction b) Seif-()rllani/ing Neural Benar-d ('on_ection in a Finite C.dinder
Net,_orks tt t. (;,,/,l_tcm and E. Knohh_.h. [.'n|_ersity of

. (iad A Carpenter. Bo,,t_m [ ru_cr_w, and ('al_l,,mta, Berkeley I. Mercader and M. Net.
._t(phrn (;t,L_t,rrc. ()rgam/er I m_ersidad P_ditefnlca dc Catalun)a. Spain

3:50 Neural Networks in ("ontrol S._stem,, 2:50 Three-Dimensional ()_'illations of a Fluid
-_ Kumpal_ S Narendra. Yale t n_ er,_t_ (on_e._ ing lube t, ith Di_rete S._mmetries

Aim, Stemdl and Han_ rruger. l ethnical
[ n;_cr',m. Vienna..&ustr_a
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CONFERENCEPROGRAM

An Investigation of Transverse Effects in the IISATURDAYEVENING,OCTOBER17 Dyns'n_cs of Solid State l.aser Systems SUNDAYMORNING,OCTOBER18 iLila F. Rolx'rts. Georgia Southern tlniversity

7.¢tJ-9.3d(;,ddcn CldfR,,mt and Balh'omn Foyer E','oh,P,ort of 2-D Instabilities in Circular Shear 7.30
PosterSession l.aye'-,. Busesleavefor SaltLakeCiiy tourand

Kcith Bcrgerml and E.A. (Soutsias.University of Mormon Temple
Complmlenlary Beer/Soda/Chips Ne_ Mexico, Albuquerque and J.P. Lynov, Riso

National Laboratory, Denmark (ili!+f [.Oi!q_
Simulation of Sustained Reaction-Diffusion

Oscillations on a Massiveh' Parallel Computer Arnold Saur_ages for the Sa,_tooth Circle Map
• Darid,l. L/twrka. LIniver.,,ity of North Dakota.

_'illiam A Hogan. MasPar Computer

('orporation, Sunnyvale, CA and Robert F. Grand Forks and David K. C?ampbell, Los Alamos

Stetson. Florida Atlantic Unwersity National Laboratory i
Amplitude Expansions for Instabilities in A Stud)' of an .Algorithm Using a Posteriori Error SUNDAYAFTERNOON,OCTOBER
Populations of (;Iobally-('oupled Oscillators for Adaptive llR Filters

J,,hn l)artd (.'ra_Ji,'d. Liniversitv of Pittsburgh Guoliang Zeng, Arizona State University 12.'00

and Steven Strogat_, Massachusetts Institute of Lie Symmetries for Three-Dimensional Models Buses return from tour
Technology IMeu de Castro Mm'eira and Maria Antonieta de

A Fractal Model of Diffusion in Extracellular Almeida. Universidade Federal do Rio de Janeiro,

Space (ECS I of the CNS Brasil 12.'O0/Balh'oom Foyer
Thomas A. Sipes and Martin P. Paulus, Numerical Study of Separatrix Breaking of Registralion opens
t_niver_it_ of California, San Diego Adiabatic lnvariants

Assessing Complexity in Biological Data Sets A.R. Champneys. University of Bath, United 12:30.3:00
Marlin P. Paulus, University of California, San Kingdom and P.G. Hjorth, The Technical MS22/Ballroom I &2

Diego University of Denmark. Denmark inertial Manifolds and Low Dimensional

A Slightly Nonlinear Stability Model for Driven, Helicity in Hamiltoniar, Dynamical Systems
P.G. HjortlL The "I'ec_,,ical University of Dynamics0fPDEs(Part1of 2)

Dissipative Magnetohydrodynamic Systems
Wilbur I::.Pierce I\', University of Washington Denmark, De,mmrk; and M.E. Glinsky, Lawrence The spatiotemporal complexity of the dynamic behav-

" Livemaore National Laboratory. Livermore CA tor of nonlinear PDEs (and the physical systems they
Bifurcation Structures of Minimal ()DEs from model) is often found to be low-dimensional, and can
Xt,'eighted Sobole_ Projections of PDEs Bifurcations and Stability of Motions of One

EmdvStom' and Michael Kirby, Colorado State Mechanical System thus, in principle, 3e described by "small" sets of
t !niversitv Taliana A. Dobrinska_, a, North-Western ODEs. Large classes oi'physical systems, ranging from

Polytechnical Institute of St. Petersburg, Russia '-_mbustion to transitional flows to nonlinear optics,
Effect of Actuator Positions on the Performance of fall under this category in realistic parameter regimes.
(;round Vehicle Systems Fractal Structures on the Viscous Fluid Surface Theory and com: station have come together :.,, :._

Faleh AI-Sulaiman and Sadaru: Z_mlan. King Sergei A. Chivilikhin. "Quarz" Corporation, St. attempt to establi.,J', and then exploit the Iow-dimen-
Fahd University of Petroleum and Minerals. Petersburg, Russia sio_',al nature of the dynamics tbr modeling, simulation
Saudi Arabia Classification of Heteroclinic .O-Explosion and control purposes.

()n the Characterization of Turbulence as Spatio- Kazuyuki Aihara, and Shin Kiriki. Tokyo Denki The speakers in this minisymposium will present
Temporal Chaos University, Japan methods, algorithms and examples of this model reduc-

.h'rr_ F.._,fa_!nan and P.K. Jay Kumar, Florida On the Dynamics of Some Endomorphisms of the tion approach to spatiotemporal dynamics. They will
State Universio' Plane discuss rigorous and "'experimental" approaches: the

()n the Fractal Nature of Human Heart Rate lndur Mandhyan. Philips Laboratories, Briarcliff theory of Inertial Manifolds, implementations of Ap-

Variabilit.v and the Effect ofS) mpatbetic Manor, NY proximate Inertial Manifolds, the Karhunen-Loeve
Blockade Nonlinear Oscillation and Chaos in Backward expansion, and their interplay with modem _cientific

)',_hiharu )'at_ v,,'-;to and Richard L. Hughson, Four Wave Mixing computing. The speakers will stress applications and
Universit.'_ of Waterloo, Canada J. Li and C.J. McKinstrie, Laboratory for Laser illustrations using relevant physical models.

Paras) mpathetic Blockade Reduces Dynamic Energetics, Rochester, NY Organizers: Yannis Kevrekidis,
Complexit) of Heart Rate Variability Invariant Manifolds in Homogeneous Chemical Princeton University, and

)",_._hmNa_amura. Waseda Llniversity, Japan: Kinetics Edr;ss S. Tiff,
Yoshiharu Yamamoto, University of Waterloo, S)m_m J. Fraser,and Marc R. Roussel, University University of California, Irvine
('anada: Hiroshi Sato. Machiko Yamamoto and c,t T;.,ronto. Canada !2:30 Title to be announced

Kazu/o Kato, The Cardiovascular Institute, Japan (Thaoti_ Behavior in a "Prey-Predator" Model George Sell, University of Minnesota

Silnikov.Hopf Birfucation Ch,,:gori Markman, Rostov State University, 1:00 The Meaning of Different Length Scales in
Plnhp lhrs_ hhcrt_ and E. Knobk_:h, University l,_ussia Turbulent Flows
of California. Berkeley Motion of Energy Eigenvalue l,evels John D. Gibbon, Imperial College, United

Scaling in an Electroencephalogram W.-!i. Steeb, Rand Afrikaans University, South Kingdom
.h,hn £ £rd_'l and Elaine M. Brunsman, Af'i,'a ! :30 On Wavelet Projections of an Evolution
t:niver,,ity of l)ayton and Albert F. Badeau, Minimum Energy Optimal Control flw I,inear Equation
Armstrong l.al'_)ratorx, Wright Patterson Air Time-invariant Discrete-time Systems Philip Holmes, Cornell University

F_,rce Base Als AI-Humadi. Embry-Riddle Aeronautical 2:00 Dynamical Systems Reduction
A l.ax Pair for the Three-Wa_e Interaction of University Approaches
Four %'ases Nadim' Auhrv and Wenyu Lian, Levich

[:ihpe J. Romeiras. Instituto Superior Tecnlco, Institute, City College of the City University
Porlugal of New York

Hemapoietic Models _ith Delays 2:30 Low and Not so Low Dynamical Models
Joseph M Mahaffy. San Diego State University Lawrence Sirovich, Brown University

I)n Nonlinear Normal Modes: (;eometrical

(?oncepts and C'omputational Techniques
.h,._e Mamwl Baltha:ar. L'niver,,idade Estadual

Paulista. Brasil and Mano Francisco Mucheroni,
l.niversidade Sao Paulo. Brasil
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' O0 PM - 3.'0(_ PM i :0O Bursting Oscillations and Slow Passage 2:20 Infinitely Many Sinks for a Singular Map

C 0 N C U R R E N T S E S S I 0 N S Through Bifurcation Points Day d T Clmky, ('t, bgc of Mmml Sz. Joseph
Thomas F.rm'u._.Norlhwestem University 2:40 l)ynamical Behaviors in Kolmogrov Models
am! Lisa Holden, Kalamazoo College Fude Cheng, tiubei Normal Institute,

"dS23,Magpie R+,o,t 1:30 Plateau Fractions for Models of People',,, Republic of (,hina

kppiication o? Dynamical Systems to Pancreatic 13Cells
'nformat_on Theory Rot_,n Miura, University of British('ohimhia, Canada 3 ,Od,Gohten ('h B. Ro+mt

Coffee
_d_.'as originating in Shannon's work in ,,formation 2:00 Complex Oscillations in Insulin-Secreting
beery have arisen somewhat independently in a math- ('ells: (In Beyond Bursting
-matical discipline called tolxdogical dynamics. On Arlhur Shemmn, National Institutes of HeaR:.

me hand, Shannon devised notions of entropy and _:__+++ Bursting Oscillations and Homoclinic l-hannel capacity tu determine tile amount of inlomaa ....
mn that can be transmitted through a channel. How- {.}rb._ tr}a Chaotic Saddle |
-ver, the question remains as how to actuall,, do it. On Xin.,j-Jmg Wang. University of Chicago 3:30,,Ballroom l&.2
he otherhand, the notion cfftopological entropy, which lP lO/Chair: JamesYorke, University tfr Maryland,

urns out to be a generalization of noiseless channel CP21/Superior A Room College Park
"apacit), _as introduced Io lopologicaldynamicsas an Physic;al Applications 2 Stationary and Turbulent Patterns in a
somorpt;::sm invarmnt. The resulting isomorphism Reaction-Diffusion System
heory can be applied to ctmstruct finite state automata Chair: Stephen B, Mar,gob+. Sandia National
xhich can essentially achieve maximum channel ca- Laboratories, t.ivermore, CA Experiments have been conducted on a quasi-two-

+nelly. In this mini-symposium we discuss these devel- 1:00 & I)ynamk'_l Systems Approach to the dimensional open chemical reactor that can be main-
+pments. Stability of _.'eophysical Features rained indefinitely in well-defined nonequilibrium states

_)rganizer: Ro)' L. Adler Sue Ellen t['+,,@t, University of Colorado, by feeding fresh chemicals from reservuirs, Bifurca-
IBM Thc,n_asJ. Watson Research ('enter Boulder tior|s from it unifoml (nonpattemed) state to (lifferent

patterns (hexagons, stripes, and a |nixed slatc l were
i :60 Application of Symbolic l)ynamics to Data 1:20 Nonlinear Dynamics of Complex Two- observed as a function of different control parameters.

Storage and Transmission Phase-Flow Systems: Heat Exchangers A further change in bifurcation parameter led to a
Roy l.. Adler, Organizer and Nuclear Reactors supercriti,"# transition from a hexagonal patient to

Rizwan-uddin and John J. Doming. "chernica.. ,bulence", which is marked bv a cuntinu-
':00 Overview of the Isomorphism 1"heory of University c,f Vireinia

Symbolic Dynamics + - ous motion of the pattern v,ithin a domain and of the
J,.mathon Ashle_, IBM Almaden Research !:40 Some Cennections Between Localization grain boundaries between domains. The transition
Center in Plasticity and in Combustion frorn hexagons to turbulence was accompanied by a

TJ. Bums, National Institute of Standards large increase in the defects in the pattern, which
and Technology suggests that this is an example of defect-mediated

,'lS24/H'asarch Room 2:00 Quasiperiodicity and Chaos in a turbulence. The speaker will discuss these tesuhs and
7;ompuler Techniques lor the Numerical Dynamical _ystem of Amplitude their implications

-_tudy ot Dynamical Systems Equations Describing Gasless Combustion Harry L. Swinney
qumerical studies are fundamental to advancentent m Stephen B. Margolis, Sandia National Center lhr Nonlinear Dynamics

lynamics. The speakers will address three main cur- Laboratories, Livemmre. CA University of Texas, Austin
ent research areas in which computer experiments 2:20 Multi-Dimensional Acoustic Analysis of A
+lay a major role. Solid Propellant Rocket Motor 4.3OtBalh'oom 1&2

-3rganizer: Celso Grebogi Mot, ammad Farshchi and Mehdi Golafshani, Iri l/Chair: E. Norman Dancer, Brigham Young
Uni_ ersit5 of Maryland, Colbgc Park Sharif Universily of "Technology, Iran University

- :00 Higher Dimensional Targeting 2:40 One-Dimensional Flow Analysis of a Solid SymmetricChaos
Eric Kostelich, Arizona State klniversfl_ Propellant Rocket Motor Typically, dynamical systems with symmetry exhibit

Mehdi GolaLshani and Mohammad Farshchi, kinds of bifurcation that are different front those ob-

i:40 Noise Reduction litr Signals from Sharif University of Technology, Iran served in systems without symmetry. For example,Nonlinear Systems
Timothy Sauce, George Mason University bifurcation of steady states and periodic solutions often

g:20 When Trajectories of Higher Dimensional CP22/Superior [-JRoom leads to high multiplicity of such states and the break-
Systems Cannot be Shadowed Homocljnic Orbits and Chaos 2 ing of symmetry. From this perspective, one expects

• the complexity of dynamics to increase and the amount
James A. Yorke, University of Maryland, Chair: Edgar Knobloch, University of California, of symmetry of an asymptotic state to decrease as
College Park Berkeley parameters are varied. What is less well knm_n is thai

i:00 Horseshoe Maps with Sinks Near once the dynamics of symmetric systems is chaotic,
"dS25/Mavhtrd Room Homoclinic Tangencies there is a trend towards the increase in symmeto' of

'cesling Oscillations in Biological Systems Thomas L. Richards. University of North asymptotic states through collisions of conjugate

]ursting oscillations arise in a variety of biological Dakota, Grand Forks attractors, This increased symmetry can be observed in

,ystems including models for electrical activity in pan- i :20 An Analogue to the Birkhoff-Smale systems of differential equations using time averages.The speaker will present an overview of recent
-reatic 13 cells, These oscillations consist of slow Homoclinic Theorem for Snapback joint work with Michael Dellnitz, Mike Field and Ian
alternations between a silent phase of near steady state Repellers of Entire Mappings
-Jehavior and an active phase of rapid spike-like oscil- Franz Rothe, University ttf North Carolina, Melbourne on symmetry increasing bifurcations andwill discuss a number of examples from the iteration of
ations, Numerous models have been developed to test Charlotte symmetric maps to the dynamics of reaction diffusmn
lifferent hypotheses for the biophysical meclaanisms 1:40 Transition to Chaotic Travelling Waves equations.
hat underlie the bursting behavior. Methods currently via a New Type of (;Iobal Bifurcation
,eing used to analyze these models include recent Edgar Knohh,ch. University of California, Martin(;olubitsky
:eometric methods from the theory of dynamical sys- Berkeley anti I).R. Moore, i|npe| ;al College, Department ttf Mathematics
ems and singular per_ _,,f,_,_ntechnique,,,. The speak- United Kingdom Ltniversity of Houston-

-rx in this minisym I ',rr will discuss models for 2:00 A Novel Homoclinic Bifurcation, in a

,everal bursting systeT; ,,J their analysis. Hamiltonian System
L)rganizer: David H. l'erman Alan R. Champney,s. Alastair Spence and John

Ohio State University, Columbus. and F. Tohmd, University of Bath, t Jnited Kingdom
John Rinzel,
National Institutes of Health
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SUNDAY EVENING,OCTOBER 18 Qualitative Resultsfor PartialDifferential Biological Applications1
Equations ('hair: John I){u-umg, I.;nivcr_,ity of Virginia

73<_t',v/- +.30 P,_4 This minis.vnlposiurn focuses on qualitative results on 7:30 Physical ModeUing oi' the iluman

lc 0 N C U R R E N T S E S S I 0 N S Circulatory System for Cardiovascular
solutions of non]irlear pallial differential equalil,)llS

relevant in applications. On the one side there are Device Testing
detailed results concerning particular solutions of the M. Kcilh Sharp, [Inivetsity of Utah

,%IS2hBal/romu I & 2 Cahn-Hilliard equation. On the other side, assmlions of
Inertial Manifolds and Low Dimensional a general charm:icr on the asymptotics for conlirlut)us- 7:50 Dynamics of the Calciunl Subsystem inCardiac CellsDynamicsof PDEs(Part2 of 2) time and discrele-time infinite-dinlensional dynamical

(For Description, See MS 22, page 14) s_stems stemming lrom parabolic and elliptic equa- Amtumv _,'argtu'se,University of Minnesota,,
()r_anizers: Yannis Kevrekidis. lions are given. Of particular intere,_lix the fact thal in Minneapolis; Raimond L. Winslow, Johns

Princeton University. and all theseconsiderations a wide range of mathematical Hopkins Universily: and James 1-2.Holle,
Edriss S. "]'ill, tools, from a-priori estimates lo general principles in University of Minnesota, Minneapolis
University uf California, Irvine functional analysis, are used. 8:10 A Simple ()l)F Model for the Nonlinear

Organizers: E. Norman Dancer Dynamics of the Heart Sinus Node
anti Peter Hens John J. Doming and Rizwan-uddin,

7:30 Numerical Schemes Based on the Algebraic Brigiiam Young University tlniversity of Virginia
Approximation oflhe Attractors 8:30 A Transplanted tluman Heart as :

Ciprian Foias, Indiana University. Bloomington 7:30 Nucleating Solutions fl)r the Cahn-Hilliard Deterministic Nonlinear Dynamical Systeuu,
8:00 Inertial Sets and Exponential Attractors Equation in Higher Space i)imension David !.. Scollan, John J. Doming, Rizwan-

for Navier-Stokes Flows Giorgio l=usco,University of Rome II, haly uddin and J. Randall Moorman, tlniversity
Basil Nicolaenko and ,Alp Eden, Arizona 8:00 Equilibrium and Dynamics of Bubbles for of Virginia

State University; Ciprian Foias. and Roger the Cahn-Hilliard Equation 8:50 A ('oupled ()scillator Model for th_
Temam, Indiana L!niversity, Bh)omington Nicholas D. Alikakos, University of i)ynamics of a Transplanted Human Hear_

8:30 Spatiotemporal Behavior ot' Approximate Tennessee and University of Crete, Greece .h,hn .I. l)m'ning, Rizwan-uddin, David F.

Inertial Forms fl)r the 2-D Navier-Stokes 8:30 Large-Time Behavior nf Monotone Scolhm and J. Randall Moorman, University
Equation Discrete-Time Dynamical Systems of Virginia

Michael S. Jolly, Ind,ana Llniversity, Peter Takac, Vanderhilt tlniversity 9:i0 Investigations on a Model of Neuronal
Bloomington 9:00 Structural Stability of (;Iobal Attractors Bursting

9:00 Numerical Study of Dynamics and for Partial Differential Equations of T.I. Toth, University of Wales ('ollege of
Symmetry Breaking in the Wake of a l)issipative Type Cardiff, United Kingdom
Circular Cylinder XuYan Chem Georgia Institute of

Dwight Barkley. Princeton Llniversitv Technology CP24/Sulwrior .,_Room

PhysicalApplications3
MS27',',4at,,l,e Ror,m MS29/Mayhird R,om Chair: M.S. El Naschie, Cornell University
SignalProcessingand Chaos(Part 1of 2} The NumericalTreatmentof PDEswith
Nonlinear dynamics research has introduced several Symmetry 7:30 Some Applications of Peano Dynamics in

Classical and Quantum Mechanics
new data processing techniques a.s well an techniques Partial differential equations frequently possess sym- M.S.F.I Naschie, Cornell University

for the study of novel behavior in dynamical systems merry which ix related to the geometry of the spatial 7:51t Dealing with Multiple Objectives in an
(e.g. chaos). Several of these techniques have been domain, the type of boundary conditions or the alge- Econometric Mudel
developed Iu the point hal lhev have appticalion to braic structure of the equation itself. Also they may" " tt.A. Eiseh, University of New' Brunswick,
signal processing, especially as applied to chaotic sig- show spatio-temp(_rallycomplex prtx:esses, for instance Canada and C.-L. Sandblom, Technical

nals. The speakers will present a full spectrum of a chaotic behavior. Recently (;alerkin approximations University of Nova Scotia, Canada
applications fmnl software techniques for signal pro- based on proper orthogonal decompositions (PODs)of
cessing to full hardv,'are implementation oidynamical solutions have successfully been used in PDEs with 8:10 (?haotic Phenomena in Communication
behaviors thai would be useful in communications and symmetry in order to analyze lifts type of behavior Networks
control, numerically. We _.ill essentially focus on two aspects: Ashok l'rramilh' and Leonard Forys, Bell
()rganizer: l.mils M. Pecora ModificationsofthePODitselfandhowtomakeuseof Communications Research, Red Bank, NJ

Na_al Research Laboratory, ii m the numerical investigation concerning the mterac- 8:30 Physically Realizable Polynomial Systems
Washington, DC" tion of dynamics and symmetry. Anatoly P. Torokhty. St. Petersburg Institute

7:3(l Processing Filtered ('haotic Signals Organizer: Michael Dellnit/ of Transportation Engineering, Russia
Steve Isabelle, Massachusetts Institute of IJniversitiit Itamhurg, (;ermany 8:50 Stable and Unstable Quasiperiodic

Oscillations in Robot Dynamics wilh Dela_Technology 7:30 From Partial Differential Equations to
(;ahm" Stepan, Technical Universily of

8:110 Modeling Chaotic Systems with Hidden Minimal Dynamical Systems Budapest, Hungmy and G. ttaller, California'
Markov Models Michael Kirby, Colorado State University,
Cor.v Me5 ers, Lockheed/Sanders. Nashua, NH Foil Collins " Institute of Technology

9: i 0 Dynamics of Flexible Manipulators8:30 Determining Robust Dynamical Maps 8:00 Detecting Symmetry Creation in Pl)Es
Ali Mcghdari and Mani Ghassempouri,

From ()bserved Time Series Ernest Barany, ttniversity of Houston,
Sharif University of Technology, Iran

Reginald Brown, Universit,, of California. Muhael l),'llnit:, Organizer. and Martin
San l)iego Goluhitsky, University of Houston

9:00 Determining Minimum Embedding 8:30 The Use of Symmetries in Dynamical
i)imension and I.ocal l)imension Systems
Matthew Kennell. l.'.niversitv of California, Nadme Auhrv and Zhen-Su Ca_, (7it),
San Diego College of the City University of New York

and Ricardo Lima, City College of the City
Universi D ()f New York and ('entre National
de la Recherche Scientifique. France

9:011 Non-l.inear Extensions to the P()I) and

Systems with Symmetry
Gal Berkooz, Cornell University
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MS3l/Ba.san'h Room Stephen R. Wiggins, California Institute of

MONDAY MORNING,OCTOBER 19 Applicationso! DynamicalSystemsMethods Technology
in NonlinearOptics MS33/Balhoom1&2

O0/Balh'oom Foyer Comprehensive numericalsimulationsandtheoretical SignalProcessingand Chaos(Part2 of 2)
_egis_rationopens investigations I]ave recently been progressing toward

better understandingoflaser-matter interaction in opti- (Fo, Description see MS 27, page 16)
cal fibers and resonant cavities. Laser-matter interac- Organizer: Louis NI. Pecora

30,'Balh'oom I &2 tion dynamics involves very short time scales at wMch Naval Research Laboratory.
PI 2/Chair: Darryl D. Hohn, Los Alamos National a Hamilton description is often applicable. The speak- Washington, DC
-aboratorv ers in this minisymposium will discuss some of the 10:00 Attractor Reconstruction, Data lql;.ering,

•lability, Instability and Bifurcation by the mathematical and computatioinal approaches for treat- and IU-Po' ed Problems
nergy-Momentum Method ing coherent optical pulses at such short time scales in l.ouis M..'ecora, Organizer

he energy momentum method andespecially its block dynamical systems models of nonlinear optics. The 10:30 Building Synchronizing Chaotic Circuits
iagonalization properties has proven very effective nfinisymposium will acquaint the audience with some Thomas Carroll, Naval Research Laboratory,
_t stability analysis of mechanical systems, including of the ideas and methods being en]ployed for under- Washington, DC
rods and plasmas. However, when a bifurcation aral standing laser-matter interaction in optical fibers and

,ymmetrv change occurs, the method requires modifi- resonant cavities, by using dynamical systems models. ! 1:co Using Strange Attractors
" The minisynlposium is intended to complement the Hal Fredericksen, Naval Postgraduate School

anon. The speaker will present a blowing up, or
"gularization procedure tbr such cases, l-le will illu> other dynamical systems discussions. ! 1:30 Tracking Unstable Periodic Orbits in

Mathematical and theoretical issue _in laser-mat- Experiments: A New Continuation Method

ate the procedure with the double spherical pendulum ter interaction will be addressed from a strongly physi- Ira B. Schwartz, Naval Research Laboratory,
which one sees non-generic eigenvalue movelnent

nd discuss the role oi"small dissipation, which can be cal motivation. The expecled role of Hamiltonian Washington, DC
dynamics, and its computability and measurability in

abilizing or destabilizing, this application will be discussed from a dynamical CP25."SuperiorA Romn
errold E. Marsden systems viewpoint. ComputationalDynamicalSystems2

_epartnmnt of Malhema its Chair: Donald L. Hitzl, Lockheed Research
Imversitv of California, Berkeley Organizer: l)arryl D. Holm

• " Los Alamos National Laboratory Laboratory, Palo Alto, CA

30/Gohh'n Clit'fRoom 10:00 Enhancement of Optical Bistability by 10:00 Transient Perturbations Prior to lnstability
:offee Periodic Layering in Periodically Excited Oscillators

Robemo Camassa, Los Alamos National Lawrence _'irgin. Phil Bayly and Kevin

O',O0/Balh'oom Fov(,r Laboratory Murphy', Duke University

egistration desk closes 10:30 Mode Dynamics in Nonlinear Optical Fibers 10:20 Numerical Experiments in Noise
Alejandro Aceves, dniversity of New Reduction and Allractor Restoration
Mexico, Albuquerque Donald L. ttit:l and Legesse Senbetu,

(bOO AM - 12.00 PM 11:00 Perturbation Effects on the Dynamics of a Lockheed Research Laboratory, Palo Alto, CA
M°de and Tw° Sidebands in 'm Optical Fiber 10:40 Thermod.vnamics of Duffing's Oscillator

C 0 N C [J R R I_ N T S I= S S [ 0 N S Oregor Kovacic, Rensselae- ', lytechnic Ak(fOzhek and Victor Berdichevsky,
Institute Georgia Institute of Technology

;S30/Maglm' Room 11:30 Homoclinic Chaos due to Cu,:'pt=,,¢ion 11:00 General Theory of Higher-order
ew Methods of Er, lbedding and Analysis for among Degenerate Modes in a Ring. l)ecomposition of Symplectic Integrators
oisy Chaotic Data Cavity Laser Masuo Suzuki, University of Tokyo, Japan

lme series produced in an experiment where an under- Darryi D. Holm, Organizer CP26,'Superior B Room

,mg low-dimensional dynanaical system governs the MS32,'Marhird Ro,mt Biological Applications 2atput will be contaminated v, ith noise. Moreover,
maplex systems sometimes can bc described approxi- Chaotic Transport for Hamiltonian Systems Chair: Jack Dockery, Montana State University

,]rely by low-dimensional models. Indeed it may be Understanding the statistical properties of maps arising I0:00 Modifcations to a Model of Chaotic
,at some very irregular data seen in field observations from Hamiltonian flows is of importance in many Dopamine Neurodynamics

in biological systems, are reasonably represented as applications, e.g. particle confinement in accelerators E..ht/]h'y Sah'. A. Douglas Will, Jeffrey M.
,w-dimensional, but noisy chaos, and plasma devices, chemical reaction rates, and fluid Tosk and Stephen tt. Price, Loma l.inda

The speakers in this minisymposium will present mixing. Recent advances have led to a new picture of Llniversity Medical Center

Jme ne_ mathematical methods of scalar time series transport processes in two dimensions. Successes of the 10:20 Block Copolymers and the Visual Cortex:
nbedding, geometric noise reduction, and chaotic theory include results on universality of onset oi'trans-
:ta analysis being developed to uncover and analyze port, long time correlation deca), and a-priori estimates the Striped Pattern

" Monica Bahiana, Federal University of Rio
,perimental and field data produced by such systems, of transport rates, de Janeiro, Brasil

-rganizer: Robert Cawley Application to higher dimensions has proved
Naval Surface Warfare Center, more difficult. Some progress has made for the nearly 10:40 Analysis of a Double Porosity Bioreactor

Sih'er Spring, MD separable case but the general theory remains to be Model
constructed. The speaker.,, will discuss some of the .lack Dockerv and Curt Vogel, Montana

51:00 Attractor Reconstruction successes and the work that remains to be done. State University

Jan]es A. Yorke, University of Maryland, Organizer: James D. Meiss I 1:00 Some New Observations on the Classical
College Park University of Colorado, Boulder Logistic Equation with Heredity

_:30 System Reconstruction Using Embedding S, Roy Choudhury. University of Central
Techniques 10:00 Chaotic Transport in Symplectic Maps Florida and Jay I. Frankel, Florida Institute

Timothy D. Sauer, George Mason University James D. Meiss, Organizer of Technology
:00 Geometric Noise Reduction 10:30 Transport in Two and Four Dimensions 11:20 Planting and Harvesting fiw Pioneer-

Guan-Hsong Hsu, University of Missouri, Robert W. Easton, University of Colorado, Climax Models

Columbia Boulder James F. Selgradc, North Carolina State

.:30 Analysis of Experimental Data I 1:00 The Birkhoff Signature: Identification and University
Applications

Rohert Cuwlev. Organizer. Guan-Hsong Vered Rum-Kedar, University of Chicago and I i :40 (in the Bifurcation of Positive Solutions
Hsu, Universily of Missouri, Columbia, and The Weizmann Institute of Science, Israel Arising in Population Genetics

_ l.iming W. Sah'ino, Naval Surface Warfare ! 1:30 Phase Space Structure Near Resonant Nickolaos Stavrakakis, National Technical
Center, Silver Spring, MD Equilibria of 3 l)egree-of-freedom University, Greece

Hamiltonian Sys',ems
12:00Conference Adiourns



TRANSPOR]ATtON

! BYCAR I PUBUCTRANSPORTATION FROMTHE AIRPORTI

From the Airport ('anyon Transportation Inc. is a shuttle service that transport,, passenger,,bct_een tile airport and Snowbird.l
YOLI ,MUS'F MAKE RESER\/ATIONS IN ADVAN('I/,. You can do this bv either filling out the tran,,porlationl

S,,,wt,lrJ _._h,catcd 2g ,llh'._ _40 mimm'sttrom Sah form in tile back of this brochure, calling Canyon direct at I-8(){1-255-1841 ur making your transportationl
l,akc ('lt_ Intcrmmmla1.4iq_m't. reservations _ith Snowbird's Central Reservations Office when making }our lodging reservations. If you are,

Take Inter tall:'N(le;tst lo Interstate 215 south. Interstate making a reservation by phone, please be sure to include the date of arrival, your last name, the airline you are

215 s_ rags east tm_ard the Wasatch Mountains. Exit at using, the flight number, time of arrival and the lodge that you :ire staying in at Snowbird. II you ;ire using the
o211{ISouth Street making a right turn at the light, registration card, mail to: Canyon Transportation, P.O. Box 1762, Sandy. [;tab 84(191.
Folloss this mad up the hill to Wasatch P,lvd. and tin Once you arrive at tile airport, proceed lo [lie ground trallsport;ltion desk (Canyon Transpoilation lhc.)

to_ ard l.itt le (.'otlonwood Canyon, folh,,, tllg ltle signs located in the baggage claim area of the airport. Tile cost oi the shuttle service ix$ 1-1..00per person each way withl
to Snoabird and Aha. a minmlum of 2 people in a van. lt you are arriving late or leaving early, and there are n_ other passengers, thel

cost to you would be $28.1){)because you must pay the minimum of 2 passenger 1514 x 2 rain.). You do not hayer

From Downl0wn Salt Lake City to pa)' m advance when making your reservation. Ali payments are made al the time you confirm your reservationl
at the Ground Transportation Desk at the airport. Canyon Transpollation accepts American Expr::ss, VISA andl

.Smm'hl,d i.s25 ,lih'.s 13d ,llnlacSU}'OI. _dtm'ntou'n Sah Mastercard as fornls of payment for services. Snowbird is @proximately 29 miles 1411minutes) from tile aiq_orl.I
_- l.ukc Cre Canyon Transportation inc. hot, rs of operation are as follows:

Take Interstate 15 south to lmerstate 2i5 east and exit Salt Lake City Aiq_ort to Snowbird q :(XIAM - 9:0{) PM daily
at 6211(ISouth Street. Make a right tucn at the light. Snowbird to Salt Lake Cit)' ?:iRI AM - 7:00 PM daily
Follo_ thi.', road up tile hill to Wasatch Blvd. and on
toward Little Cotton_vood Canyon, following lhe signs You must confirm your reservation for dcparture trom Snowbird to the airport wilh (";myoll Transportation 24
t_,Sno_ bird and Alta. hours prior to your scheduled departure.

7"he average ota' way cost oJ'a cab m ,r,l)'om Sn,,whird i.s apl,oximatcly $._0.00.

I CAR RENTAl

Dollar Rent A Car has beenselectedasthe official car CAR RENTAL RESERVATIONS CONDITIONS FOR CAR RENTAL
rental agenQ lor lhc SIAM ConlL'rence on Dynamical
Svslem. The follov, ing rales will apply to cars rented You can make a reservatio, joe car rental hv calling I. Rates are valid from ()ctolx_r 8 - 22, 1992, mclusiw
at the airporl: t tollfi'ec ;." Cars are available at the airport location and shoul<'

800-800-4000 be picked up and dropped off ;lt the same locatiol

"['._pe ul ('ar Daily Rate Weekly Rate from points in the United States and 2. You must be 21 years oi'age and have a valid U2

i 800-421-6868 or I,"' :rnational l)river's License.

('ompact $32.00 $160.00 from points in Canada 3. You must have one of the following credit cards tc
lntcnnedate $33.00 $ t 65.00 From lmmt.s outside tilt' United States and Cwlada. rent a car: American Express, MasterCard, VISA <

xend your reservation hy,/_z_ to.' Diner's Club.
Standard S33.OO $165.OO 213-641 - I I I I

Attn: Karen Bell 4. The prices quoted do not include refueling service,

l,uxury $41.00 $225.00 c/o Dollar Rent A Car tax optional collision and lossdamage waiverl I,D/
qf,, ........ and CDW), and optional personal accidenl insu/

Make sure to give the SIAM account code CCSIAI, ante.
and mention that you are attending the SIAM Confer-

5. Dollar Rent A Car offers free unlimited mileage w,
ence tm Dynamical Systems, October IS-'_'+ 1992, at
Snowbird, Utah. " "-' every rental.

6. Daily rates appl.v to 1-4 day rentals, weekly rat_
Please makeyour car rental reservations in advance apply to 5-7 day rentals.
as on-site availability cannot be guaranteed.

1

CANYONTRANSPORTA-[ION
RESERVATIONS
P.O.Box1762

Sandy,Utah84091
I (1l?! Llll('tldltl._ lJl¢' SIAM COt!J_'l'£tl{'_' till DVth_ttlica/,_'ysletll5 (lr ._'ll(JWliD'd R(,sorl otld COtlfdrdtl('{" ('{'tll{'r (gild (lbl r¢'qllt'_llll,l'_ (I r£s('t'vatiotIJ¢

sh,ttle pick up ba._t'd on tiu, JoIlou'ut_ infi,'nlation;

Name
FI R", I MII )DI.t. 1...V',I

Address

(_'ii} ............................................................................................. State .......................................................... Zip ...........................................

Phone .......................................................................................... Fax ...........................................................................................................

The ail'litle I _ill be using ix ................................................................................................... Flight # ................................................................................

Arrival Date ................. Arrival Time ................ Departure Date ............................ Departure Time ..............................I)eparture Flight # .............................................

I v,iii be ,.ta)iiig ;ii the J Cliff Lodge J l.odge/hm

! u, ili pay for m) reservation at the time that ! check in at the (:anyon Transportation Desk located in the baggage claim area ol'thu ,,if'port. ! understand the fa
to be a maximum of $28.04) if there is only one person in the van and $14.04) if there is more than one person.

J
Detat.h i_,mn and mali to: (ANY()N TR ANSf ()RTATION. Reservalions, P.(). Box 1762. Sand_. [ itah 84()91
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c _._,",\,_tt:_i_:_. " ,L..RMAT!ONo,,,,..,'_' ,, r_MAP HOTEL iN__

Snowbird Resort and Conference Center

sNowemoMAP Snowbird, Utah 84092-6019
Telephone: (801)742-2222

t o,_, Fax: (801)742-3204
TOAlia, covered Da'_kl
1% miles Alto

By-passRc, SIAM is holding a biock of rooms at Snowbird on a first come first served basis at the follo_vmg discounted ratc_
until September 21, 1992:

TheChit Cliff Lodge $60.(R) Single or Double ILodge & Spa

Lodge/Inn $63.00 Studio Etflciencv Is_
ConferenceCenter Dornlil()r.v Tennis $21.(X) per person (4 in a roonl)

Peruvian"'..
Entry ;our "'.... Double Lift fh('rL" is a (L25('/, occupancy tax fluzt will he added m y,ur t'mml rate.
TheCliff Lodge Chickadee " " "• . • • .......

andSpa Beginner "'" Aerial Tram These rooms are b. 'ing held for our exclusive use until September 21, I t)92, after this date reservations will dependandSoowb/rci Lift
conic,re.cecef,trr Plaza on availability and the above rates may not be in effect. We urge you to make your reservations as soon as possible.

Little wbttd You Inav do so b). telephoning (_,(X))453-300(), or filling out and returning the attached ttotel Reservation Form
Cottonwood Center "
Canyon found on the inside back page of this brochure. You must mention thai you are attending the SIAM ('onference
Road Lodge At

Snowbird on Dynamical Systems in order to receive lhc discounted room rates. A deposit in the anlt)unt t)t one night's room
rate is required when making a reservation.

tennis
courts

Entry Three Cliff Lodge Rooms: Set up like a full service modem Facilities: Each lodge is equipped with saunas and at
Lodge At Snowbird
The/nn The/nn hotel with outdoor swimming pool. hot tubs, health spa least one all-season swimming pool. ]'he Cliff Spa

O and t_vo queen beds. occupies the 9th and 10rh riot)rs of the Cliff l,odge and
_-_ offers numerous services: massages, aerobics and

Iron
elosam Lodge/Inn Studio/Efficiencies: Rustic living room weight room. Spa facilities are available t,._gue:.ls 16

with kitchen facilities, fireplace (in most) and walkout years of age and older. A children's pool is available on
balconies. These rooms do not have separate bedroom. Level B. A wide variety of shops and boutiques are

Wtlbere Sofa beds are located in the living room of the available in the Snowbird Center and the Cliff [.edge.
Ridge

__ Chatrhft studios and wall beds in the efficiencies. There is a There are five tennis courls ;.tlSrlowblld. (k)utl lime is
EntryTwo limited number of these rooms available. $8.00 per hour. ttotel guests receive li)cir first hour of
Iron Blosam Lodge
LowerVillageParking GadValley L'OUlI time per dayat $4.(X). Forthose who enjoy hik ing,
.Snowbird Center _ parking Dormitory Rooms: DUE TO THE LIMITED NUM- maps of the Snowbird area arc available at the Activi-
Aerial Tram I •

oaova.'.,evS,,Scr,oo;L,ft BER OF ROOMS AVAII.ABLE, YOU MUST BE A ties (?enter. Guides are available by appointment.

Entry One Ii r,cke:_oot_, STUDENT IN ORDER TO RESERVE THESE Mountain bikes are available for rental. Bring a lunch
_aova,/e_ | • i ROOMS. Rooms are located in the Cliff Lodge and and pedal along ai 8,(R)0 feet. ltelmets and water
Parking _ ....................
Ta_.eLedaeS_, '_ M,d.Gad there are 5 rooms available with 4 people per room. bottles are included with your rental.
S,_utt/eS_rv,Ce _ Cha_rhft These "re non-smoking rooms. There is a private
toTramand bathr .... 1 in each room. Conlnlon areas located at end
Plaza A GaO t Parking: There is complimentary valet parking avail-

Chair;,, of the hall are equipped with television_ and pool able at the Cliff Lodge.
Snowbird ISa tables. When registering fora room please be sure to
pedestrian village, mention )'our gender. You will be asked to show ,,'ourCarsarenot necessary " Restaurants: The Mexican Keyhole serves breakfast.

ToSaltLa*,eC,ty onceyouarrive, student I.D. before checking into rooms, lunch and traditional Mexican dinners and drinks. EI-
2s,,,,/es _ If ),our first choice in rooms is not available, a egant dining can be found in the Aerie, a glass enclosed

reservation will then be made for you in the Cliff Lodge. rooftop restaurant with views of the mountains tm all
sides. There are also a variety of other restaurants and

Cancellations: To obtain a refund ota deposit, reser- lounges located in the Snowbird Village.
vatiens must be cancelled before 4:(XIPM and at least

48 ht,,rs prior to scheduled arrival date. Weather: The average temperature al Snowbird for

October ranges bet_,een 30 and 50 degrees.
Arrivals and Departures: To check in at Snowbird

you should report to either the Cliff Lodge or the Lodge/
Inn depending on the room you have reserved. The
technical sessions will be held in the Cliff Lodge.
Check-in at either location is 4:00 PM and check out is
11:00 AM.
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SIAM Conferences, Meetipgs, Symposia,
Tutorials, and Workshops

Sponsored by the Society for Industrial and Applied Mathematics

1992 1993

_tember 17-19 1902 lanuary 25-27, 199___33 _4__-6,_ 199_33
SIAM Conference on Control and Fourth ACM-SIAM Symposium on SlAM Conference on Simulation and
Its Applications Discrete Algorithms (SODA) Computational Probability
Radisson Hotel Metrodome, University Omni Austin Hotel, Austin, TX Cathedral Hill Ilotel

of Minnesota, Minneapolis, MN Abstract deadline: 7/14/92 San Francisco, CA

Spor,.soredby SIAM Activity Group o_1 Organizer: Vtjaya Ramachandran. Abstract deadline: 1/22/93
Control and Systems Theol. University of Texas, Austin Organizer: Peter W. (;lynn, Stanford University
Ory,amzers: Kevin Grasse, University of
Oklahoma, Norman; Andre Manitius, qeorge
Mason University: and Eduardo .%:mtag, March 21-24 1993 At-4-_gt_3_s_t_l..6.:_l.9.__!9__-°_
Rutgers University Sixth SIAM Conference on Parallel Third SIAM Conference on Linear

Processing for Scientific Computing Algebra in Signals, Systems and Control
Marriott Hotel, Norfolk, VA University of Washington, Seattle, WA

S_eptember 21-23 1992
SIAM Workshop on Evolution of Sponsoredby SlAM Activity Group on Abstract deadline: 1/29/93
Phase Boundaries and Microstructure Supercomputing Organizers: Biswa N. Datta, Northern
Xerox Training Center Abstract deadline: 9/14/92 Illinois University and John G. Lewis, Boeing

Leesburg, VA Orgamzer: Richard F. Sincovec, Oak Ridge Computer Services, Inc.
Orgamzer: Robert V. Kohn, Courant National Laboratory
Institute of Mathematical Science, NYU October 25-29 1993

Third SIAM Conference on

April 19-21,199__33 Geometric Design
October 15-19, 1992 SIAM Conference on Mathematical and Seattle, WA (tentative)

SIAM Conference on Applications of Computational Issues in the Geosciences Sp,,msor,'dby SIAM Activity Groupon
Dynamical Systems Hyatt Regency Hotel, Houston, TX Geometric Design
Snowbird Conference Center Sponsored by SIAM ActiPity Group on
Snowbird, UT Geosciences Abstract deadline: 3/22/93

Sponsored by SIAM Activity Groul: c n Abstract deadline: 10/5/92 ()rgmtizers: Robert E. Barnhill, Arizona State
University, and Rosemary E. Chang, Silicon

D}ma,mal Systems Organizer: James Glimm, State University of Graphics Computer Systems
(_)ry,amzcr._:Peter W. Bates, Brigham Young New York at Stony Br<×_k
University, and Christopher K.R.T. Jones,
Brown University

SIAM Conference on Mathematical and lu!y 25 - 29, J_9944
Numerical Aspects of Wave SIAM Annual Meeting
Propagation Phenomena Sheraton Harbor Island, San Diego, Ca
University of Delaware, Newark, DE
Abstract deadline: l 1/13/92

Organizer: Ralph Kleinman, University of
Delaware

luly 12-16, 1993
SIAM Annual Meeting
Wyndham Franklin Plaza Hotel
Philadelphia, PA

Abstract deadline: 1/ 15/ 93

FOR MORE INFORMATION, PLEASE CONTACT:
SIAM Conference Coordinator

3600 University City Science Center
Philadelphia, PA 19104-2688

Phone: (215)382-9800 / Fax: (215)386-7999 / E-mail: meetings@siam.org o5/92

............ 2 - 1"3 ..... -_ 2.___27_i[[i_7 "
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i A.J. LICHTENBERG, M.A. LIEBERMAN both of J.K. HALE, Georgia Institute of Technology, C.K.R.T. JONES, Brown University, Providence, RI;

University of California, Berkeley, CA Atlanta, GAand H, KOI;AK, University of Miami, U. KIRCHGRABER, Swiss Federal Institute of Technof
Coral Gables, FL ogy (ETH), Zurich, Switzerland; H.O. WALTHER,

REGULAR AND University of Munich, Germany (Managing Editors)

CHAOTICDYNAMICS DYNAMICS,liNDBIFUR¢A110NS DYNAMICS
Second Edition This comprehensive textbook is designed Volume 1 New Sr,r_es

to take undergraduate and beginning gra,,!uate Expositions in Dynamical Systems
Treats nonlinear dynamics in both Hamil- students of mathematics, science, and engi-

tonian and dissipative systems emFhasizing neering from the rudimentary beginnings to Dynamics Reported is a series of books
the mechanics for generating chaotic motion, the exciting frontiers of dynamical systems dedicated to the exposition of the mathematics
methods of calculating the transitions from and their applications. It is a masterful ex- of dynamical systems. Makes the recent
regular to chaotic motion, and the dynamical position of the [bundations of ordinary differ- research accessible to advanced students and
and statistical properties of the dynamics ential and difference equations from the beginning researchers, and enables mathema-
when it ixchaotic, The book ix intended as a contemporary viewpoint of dynamical sys- ticians to stay up-to-date with the work being
self-consistent treatment of the subject at the terns and bifurcations. The authors implement done in neighboring fields. There is an era-
graduate level and as a reference for scientists, a fresh approach to mathematical narration, phasis on examples and explanations, but
The new edition ixgreatly expanded and Fundamental ideas are explained in simple theorems _.ppearwith their proofs. The focus
brings the subject matter up to date. settings, the ramifications of theorems art is on the analytic approach to dynamical
1992/APP,656PP,.140ILLUS./HARDCOVER/$59.95 explored for specific equations, and the sub- systems, emphasizin_ the origins of the sub-
ISBN 0-387.97745 7 ject ixrelated in the guise of a mathematical ject in the theory of differential equations.
APPLIEDMATHEMATICALSCIENCES.VOLUME38 epic. With its insightful and engaging style, Written in a style that is best described as

as well as its numerous computer-drawn expository, Dynamics Reported provides an
illustrations, this unique book will simply excellent foundation for seminars on dynami-

S. WIGGINS, Cahfornla Institute of Technology.
Pasadena,CA captivate the attention of students and instruc- cal systems.

CHAOTICTRANSPORTIN furs alike. 1992/250 PP.,46 ILLUS./HARDCOVER/$59.00
1992/568 PP., 314 ILLUS./HARDCOVER/$49.00 ,SBN 0-3_7-54193-4

DYNAMICALSYSTEMS ,SBNo-38,9_1._-6
TEXTS tN APPLIED MATHEMATICS, VO_._ ME 3 b

nonlinear dynamical systems can be naturally '.......il............;;.................
expressed as "'phase space transport prob- I. HUBBARD and B. WEST, Cornell University, ""-" '_ _...................

Systems develops lhis point of ,jew _'ith [_C_'_

examples from fluid mechanics, celestial A Dynamical Systems Software Package -- t
mechanics, the dynamics of bubbles, and for the Macintosh
presents them in the context of two dimen-
sional maps. "['histheory ixthen applied to An updated collection of twelve interne-
convective mixing and transport in fluid tire graphics programs for the Macintosh
flo_ s. Includes the most complete discussion computer addressing differential equations
available of the geometrical structure of the and iteration. The MacMath programs en-
pha,,e space of Hamilt()nian systems, courage experimentation and va:;tly increase

1992,,301PP,1,6ILLUS.HARDCOVER/$39.95 the number ofexamples to which a student ._Sh,|__l| j__
ISBN0387975225 llla\, hequickly exposed.The}, arealso ideal llllmllp, ,ql_

, INTERDkSCIPLh'4ARY APPLIED MATHEMATICS, VOLUME 2 for exploring applications of differential ....

equationsand iteration which, roughly speak-
ing, form the interface between mathematics Three Easy Ways to _ll'di_tl.

L.M. PERKO. Northern Arizona Unwerslty. Flagstaff, AZ and thereal world. MacMathpermits easy CallToll Free1-800-SPRINGER(NJcall

__l_lJ_ EQUA'nONS investigationof various models,particularly 201-348-4033) or FAX201-348-4505.Please
AND DYNAMICAL SYSTEMS in showingtheeffectsof a changein param- mentions241whenordering byphone.

eters onultimate behaviorof the system. Wdl_to Springer-Verlag NewYork,Inc.,
Thin systematic stud} introduces students 1992/168 Pp,, J.64ILLUS.PLUS DISKETTE/SOFTCOVER Dept. S241. PO Box 2485, Secaucus, NJ

to lhe qualitativeandgeometrictheory of $4995/ISBN0.387.97416.4 07096-2491.
ordinarydifferential equationsand servesas a _ yourlocalscientificbookstoreorurgeyour
reference book for mathematicians doing librarian to order for your department,

research on d}namical systems. Although the Payment can be made by check, pur-

main topic of thebook ix the localandglobal chase order,or creditcard.Pleaseenclose
behaviorof nonlinears}'stems,a thorough $2.50forshipping ($1.00additionalbooks)&
treatmemof linear systemsix given in the addappropriate salestaxif youresidein=

beginning of the text. Covers all of the mate- NY,NJ,MA,VT,orCA.Canadianresidents
rial necessar} for a clear understanding of the please add7%GST.
qualitative behaviorof dynamicalsystems. Remember,..your 30-day return priviledge

1991/403 PP. 177 ILLUS/HARDCOVER/$3900 IS always guaranteed!
ISBN 0-387-97443-:1 5/92 REFERENCE #: $241

TEXTS IN APPLIED MATHEMATICS, VOLUME 7 ..................



REGISTRATIONINFORMATION

The registration desk will be located in the Cliff Lodge P_easec_mp_e_etheAdvanceRegistrati_nF_rm_ntheinsideba_kc_verandreturnitwi_hy_urpaymentt_SlAM
lobbyin front o_Ballroom l&2. The registration desk in the enclosed em, elope. Weurgeattendeestoregisterinadvanceastheregistrationfeesarelowerforadvance
will be open as listed below: registrants. Four advance registration form and payment must arrive at the SlAM office by October 2hd.

Atten, !ees whose registration is received at SlA M after October 2tut will be required topay tke difference between
Wednesday, October 14 6:00 PM - 8:00 PM Advance and On-site registration fees at the conference.
Thursday, October 15 7:45 AM - 4:30 PM

Friday, October 16 7:30 AM- 4:30 PM RegistrationFees:

Saturday,Sundav. OctoberOctober 1817 7:3012:00AMPM --4:304:30PMPM []_................................................ SIAM Non ]_

I i i Student
,Mon_,;ay,October 19 8:00 AM -10:00 AM SIAG/DS Member Member ; ............ tl

II

I Advance $120 $125 $155 $25 I
ji

Non-SIAM Members

Non-member registrants are encouraged to join SIAM in order to obtain the member rate for conference ,
registration and enjoy ali tt'e other benefits of SIAM membership.

I There will be no prorated fees. No refunds will he issued once tilt, thee/ing has started.
[]

1 Advance fee expires on October 2, 1992. Payments postmarked after October 2 will be on-site fee.GET-T@GETHER9
On-site registration starts October 14. If your payment has not reached the SIAM office by October 14, you will
be asked to register and remit the on-site fee. Should your payment arrive in the SIAM office after October 14,

SIAM Welcoming Reception that payment will not be processed; checks will be t_:turned and credit card information destroyed.
Wednesday, October 14, 1992

6:30 PM- 8:30 PM TelephoneMessages .qlAMCorporateMembersGolden Cliff Room
(Level B of Ciiff Lodge) The telephone number of the Snowbird Resort and Non-member attendees who are employed by the fol-

Cash Bar and mini hers d'oeuvres. Conference Center is 801-742-2222, Snowbird will lowing institutions are entitled to the SIAM membez
either connect you with the SIAM registration desk or rate.
with the attendees guest room where you can leave a
message. Amoco Production Company

Business Meeting AT&T Bell Laboratories
SIAM Artivity Grotq_ on Dynamical Systems CreditCards Bell Communications Research

Friday, October 16, 1992 SIAM accepts VISA, MasterCard and American Ex- Boeing Company

8:00 PM - 9'00 PM press for the payment of registration fees, special events, BP America
Ballroom l&2 membership and book orders. When you complete the Cray Research

Anyone interested in the activity group is Advance Registration Form, pleas, • be certain to indi- E.I. du Pont de Nemours & Company

welcome to attend, cate the type of credit card, the account number and the Eastman Kodak Company
expiration date. Exxon Research and Engineering Company

General Motors Corporation

Poster Session GTE Laboratories, Inc.

Saturday, October 17, 1992 Hollandse Signaalapparaten. B.V.
7:30 PM - 9:30 PM IBM Corporation
Golden Cliff Room ICASE

(Level B of Cliff Lodge) IDA Center for Communications Research
Come and talk with your colleagues and enjoy IMSL0 Inc.

complimentary beer, sodas and chips. Lockheed Corporation
MacNeal-Schwendler Corporation

Martin Marietta Energy Systems

Trip to Salt Lake City and Mathematical Sciences Research Institute
Mormon Temple (Tabernacle Choir) NEC Research Institute

Sunday. October 18, 1992 Supercomputing Research Center,

7:30 AM - 12:00 Noon a division of Institute for Defense Analysis
Board buses in front of Cliff Lodge at 7:45 AM. Texaco, Inc.

.. You will enjoy a continental breakfast while a United Tedmologies Corporation

guide offers a description of Little Cottonwood
Canyon. This canyon pl_ yed a significant part
in the settling of the Salt Lake Valley. Today,

the canyon is home to a g!gantic genealogical
records vault which is carved in the granite

walls that line the canyon. Little Cottonwood is
also home to two major ski resorts, Once in Salt
Lake, which is an hour's drive from Snowbird,

you _ill stop at Historic Temple Square for the ,_
live radio broadcast of the Mormon Tabernacle

Choir. Following the broadcast, you will visit
the Capitol and Beehive House, city founder
Brigham Young's home. You will be served
refreshments on your trip back to Snowbird.
Cost $25.(X)
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ABSTRACTS: MINISYMPOSIA AND CONTRIBUTED
PRESENTATIONS (in session order)

THURSDAY AM

MS 1
The Painlev_ Transcendents in Nonlinear Mathe- Recent Progress on a Long-Distance and High-Bit-
matical Physics Rate Optical Soliton Communication System

lt is becoming increasingly evident, that the The mathematical background of the modeling of
classical Painlev_ transcendents play in nonlinear long-distance and high-bit-rate optical soliton
physics the same role that the usual special communication will be discussed. The objective
functions (such as Airy function, Bessel function is to develop methods of controlling some of the
etc.) play in linear problems. Moreover as for optical soliton properties under the presence of
the usual special functions it is possible to perturbations. Historical developments and re-
derive explicit connection formulae for the Pain- cent progress will also be covered, including
lev_transcendents. An idea about the relevant especially a system using periodic amplification
method -- the isomonodromy method -- will be and properly designed band-pass filters. A re-
presented together with the review of the recent cent experiment at AT&T Bell Labs by the Mollen-
applications of the Painlev_ transcendents in auer group has achieved an error-free transmis-
quantum field theory, sion at 2.5 Gbit/s over 14,000 Km.

Alexander R. Its, Department of Mathematics and Yuji Kodama, Department of Mathematics, Ohio
Computer Science, Clarkson University, Potsdam, State Univeristy, Columbus, Ohio 43210
New York 13699-5815

Steepest descent method for oscillatory Riemann- _ Z

Hilbert problems with applications to dynamical Rotation Intervals for Diffeomorphisms
systems, of the Plane

We describe a new and general approach to
analyzing the asymptotics of oscillatory Riemann- Chaotic invariant sets for planar
Hilbert problems, of the kind that arise in the maps typically contain periodic orbits
theory of integrable nonlinear wave equations, whose stable and unstable manifolds
We illustrate our method by describing the long- cross in grid-like fashion. Consider
time asymptotics of the modified Korteweg-deVries the rotation of orbits around a central
equation, the nonlinear Schrodinger equation, and fixed point. The intersections of the
the autocorrelation function of the transverse invariant manifolds of two periodic

Ising chain at the critical magnetic field, points with distinct rotation numbers
can imply complicated rotational

P. Deift, Courant Institute, New York University behavior. We discuss, in particular,
251 Mercer Street situations in which all rotation

New York, N.Y. 10012 numbers between those of the two given
orbits are represented.

X. Zhou, Yale University
Box 2155, Yale Station hathleen T. Alligood
New Haven, CT 06520 Department of Mathematical Sciences

George Mason University
Fairfax, VA 22030

Statistical Critical Phenomena in a Near-Integrable
Discrete Sine-Gordon Lattice

This lecture concerns many degree-of-freedom, near-
integrable Hamiltonian Systems that exhibit non-
recurrent behavior. We combine integrable theory
and diagnostics with statistical measures (Lyapunov
exponents, spectral entropy) to study transitions
from recurrence to stochasticity in a discrete
sine-Gordon system. First we show that various Periodic Orbits Created by Ri$id Rotation
statistical transitions coincide with resonance of
integrable instabilities and associated homoclinic- Glen R. Hall, Boston University
orbits. Then we focus on observable energy trans-
port due to resonan(, of these integrable "whisker-
ed tori", returning ft:!l circle to the original No abstract submitted at press time.
Fermi-Pasta-Ulam inter, tion: to measure finite rates
of nonlinear diffusion toward equipartition of
energy.

M. Gregory Forest, Christopher G. Goedde,
Amarendra Sinha, Department of Mathematics, Ohio
State University, Columbus, Ohio 43210
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THURSDAY AM

Fixed Points ill the Plane and Rotation Numbers On tile Nonlinear Dynamics of Kalman Filtering

Rotation I_(,havior, as mea._ured by rotation mmd_ers and rotation w,c- In this talk we report on some work (joil:t with ('. I. Byn,'s aral Y.
lors, I,rovi,tes a wealth of qualitative information for dynamics in one Zhou) which addresses a fimdamental oi)en problem in lin_.ar tilt_.ri.g
al|d two dimellsions. We will _xamine why moving from two to three and estimation, viz. what ,:. the steady-state tor asymptotic Iwhavic,r _,f
dimonsions (three io fr, tr for flows) precludes the usefulness of rotation the Kalman filter, or the Kahnan gain, when the ()bservod stationary

vt '!,_rs. In low (tim(,nsions rotation numbers force tile existence e.f pe- stocha.stic process is not generated by a finile-dinwnsioual st[Mmstic
riodi," orl,its and even of horseshoes. Besides rotation number theory, system, or when it is generated by a stochmstic system having linear di-
tile lllaila tools are the Brouwer Translation I,emma and tile Thurston- mensional unmodelled dynamics. For example, some time ag(, Kalman

Ni_.lsen classification of surface maps. We will discuss applications to pointed, out that the usual positivity conditions ass,reed i, the cla.ssi-
n¢,nlitwar ,_scillators, computations of global entropy, closed geodesics, col situation are not in fact necessary for the Kalman tilter to con_erg,'.
and "toroidal chaos". Using a "fast filtering" algorithm, which incorporate the statistics of

the observation process ms initial conditions, (rather than coeiticient

ltichard Swanson parameters) for a dynamical system, this question is analyzed in terms
[)_,part ment of Mathematical Sciences of the phase portrait of a "universal" nonlinear dynamical system. This
,\l_mlana State 17niversity point of view has additional advantages a.s weil, since it mlables one

Bozeman, M'I" 59717 to use the theory of dynamical systems to study the sensitivity of the
Kalman filter to (small) changes in initial conditions: e.g. to change ill

A Poincar/e-Birkhoff Theoreut for Dissipative Maps the statistics of the underlying process. This is especially importatd
of the Plane since these statistics are often either approximated or estimated. In

The classical Poincarl_-Birkhoff Theorem asserts our work, for a scalar observation process we derive m'cessary and sur-

the existence of two periodic orbits of each ficient condition for the Kalman filter to converge, using methods from
rational rotation number strictly between the stochastic systenm and from nonlinear dynamics.- especially the us(,-f
boundary rotation numbers for an area preserving stable, unstable and center manifolds. We also show that, in no,con-
homeomorphism of the annulus. We will discuss vergent cases, there exist periodic points ofevery period p,p.>_ 3 which

an analogous theorem that holds in certain types are arbitrarily close to initial conditions having unbounded orbits-rig-
of one-dimensional invariant sets, including the orously demonstrating that the Kalman filter can also be "sensitive to

initial Conditions".
closure of an unstable manifold of a hyperbolic

saddle and the plane separating attractors that Anders Lindquist
arise in periodically forced oscillators. The Department of Optimization & Systems Theory

methods employed in this investigation include Royal lnstitute of Technology
index theory and topological techniques on Lindstedtsvagen30
irreducible continua. These ideas apply to a Stockholm 10044, Sweden

wide range of dissipative systems in the plane.

Marcy Barge No_oionomic Systems and Control
Department of blathematics

Montana State 0niversity In this talk we describe some joint work with Peter Crouch on the

Bozeman, MT 59717 dynamics and control of nonholonomic mechanical systems on

Riemannian manifolds. We describe a general formulation for such

MS 3 systems which incorporates the controls, the constraints andconstants of motion, thus naturally incorporating symmetries in the

problem. We discuss the notions of kinematic and dynamics

Global Solutions and Shock Waves for the Riccati Partial nonholonomic control system and the role of forces in the dynamic

Differential Equations of Nonlinear Optimal Control case. We also present a reduction scheme and discuss optimal
control.

The derivation and analysis of the Riccati partial differential

equation for optimal control has been recently developed in a Anthony M. Bloch & Peter E. Crouch

series of papers and announcements. In addition to finite escape Department of Mathematics Department of Systems

time, which already is an issue for linear quadratic problems, the Ohio State University Science & Engineering

existence of shock waves for solutions of these Riccati partial Columbus, OH 43210 Arizona State University

differential equations is the principle object of the nonlinear Tempe, AZ 85287

analysis and is known to be the only obstruction to the "off-line"

characterization of optimal feedback laws. The purpose of this talk Universal Observability of Dynamic Systems
is to illustrate, in a simple optimal control problem, the use of

Riccati partial differential equations which, in this case, reduces to An observed dynamical systems is a dynamical system paired with a
the inviscid Burgers' equation. One rather interesting aspect of this real valued fimction defined on its state space, _ = f(x), x(t) = a'0

analysis is the development of a variational interpretation of the and g(t) = h(z(t)). The basic question is whether or not .r0 can be
recovered from knowledge of y(t). This question is often replaced by

Burgers' equation, quite similar to the variational interpretation of

the Riccati ordinary differential equation in linear quadratic the question of whether or not 9(t) distinguishes orbits of the dynamic
system. Most systems are observed by some class of functions h(x) and

theory; viz., that the existence of unique optimal control laws, the it was assumed that given any dynamical systems there would be some

existence of global solutions of the Riccati partial differential function that would fail to distinguish the orbits of the system, lt winsa
equation and convexity of the constraint on the terminal state are great surprise when the late Douglas McMahon produced a dynamical
mutually equivalent. Also illustrating these concepts and the system on a three dimensional manifold that was observable by ev_ry
existence of shock waves for a nonconvex terminal constraint, non-constant continuous real valued function. Considerable work I,_Ls

gone into the problem of determining if any other such systems exist.

Christopher I. Byrnes lt was shown by Byrnes, Dayawansa and Martin that if such a svstem

Schotd of Engineering and Applied Science exists in two dimensions then the domain of the system ro,st b_. th,_ two

Washington University torus and at this point it remains all opet_ question of wlwttmr ()r a(:,t
I Brookings Drive there exists a universally observable dyuarmcal system on the tor,s.

Campus Box 1163 McMahon's example is special to three dimensions a,d to this poil,t

St. Louis, MO 63130
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ali other examples have been constructed using McMahon's example, for 25 percent of the variability in time to infection. The extent
This talk will outline the state of tile research on this problem, of clustering in a network had a significant effect on disease
W, P. Dayawansa spread; a three fold difference was found between the average
Systems Research Center infection time in a random network and in a network with
University of Maryland realistic clustering. Several static analysis methods were
College Park, Maryland considered for predicting individuals' infection time. The best
Alisa DeStefano method, an averaging method based on the shortest path
Department of Mathematics algorithm, predicted over 60 percent of the variability in every
Dartmouth College net,york and over 80 percent within clustered networks. By
Dartmouth, New ltampshire contrast, the total contact rate for an individual was a poor
Glyde _lartin. predictor of infection time. The results indicate that epidemic
Department of Mathematics projections and parameter estimatiom must take networkTexas Tech University
Lubbock, Texas structure into account and that averaging methods may be used to

predic_ the dynamics of the infection process.

MS 4 Michael Altmann
University of Minnesota
Box 511 UMHC

Comparison of Deterministic and Stochastic Sl Models 420 Delware St. SE

Deterministic differential equation models for the spread of HIV Minneapolis, MN 55455
have had to account for stages of infection, variable infectivity,

long incubation periods, death from the disease (and therefore, Social Mixing Patterns and the Spread of AIDS
variable population sizes), and complex population mixing

patterns. We have begun studying stochastic analogues of such Heterosexual sexual contacts are the primary reason for the spread
models, beginning with models which include disease related of AIDS worldwide, and heterosexual spread is of growing
deaths and variable population size. Comparisons of models will concern in the United States. As models have demonstrated for
be made. homosexual populations, the pattern of sexual contacts created by

social structures is one of the primary factors determining the
Carl Simon pattern of heterosexual spread. Sexual behavior surveys indicate
Department of Mathematics and Economics that men and women are distributed differently by sexual contact
412 Lorch Hall rates, and the amount of contact across risk groups may be
University of Michigan different as well for the two sexes. For example, in populations
Ann Arbor, MI 48109 where most high-risk women are prostitutes, male partners of

high-risk women may themselves primarily come from fairly low
John Jacquez partner-acquisition rate groups, while female partners of the
Department of Physiology high-risk men may primariliy be high-risk wom_n. Age-structures
University of Michigan of contacts are equally as important as risk-structures in
Ann Arbor, MI 48109-0622 determining the spread rate of the epidemic, and play a key role in

determining the number of infected children born.
The Importance of Interregional Mobility for Infectious This talk will present a mixing formulation for two sexes, and
Disease Spread in Bounded Geographic Areas describe some of the contact patterns which can occur between

differently distributed male and female populations across both age
The mobility of humans in the course of their daily activities is an and risk. lt will highlight differences between homosexual and
important factor influencing patterns of disease spread. This paper
presents a model for the transmission of measles in a bounded heterosexual spread of AIDS when mixing is highly biased, using
geographic region. The model represents patterns of human asymptotic expansions to examine the behavior of transmission
mobility by a mobility matrix. An actual mobility matrix is models in these two populations as the mixing width narrows.
estimated using data from the Caribbean island of Dominica. This

E. Ann Stanleymatri× is used in a simulation of measles transmission on the

island. Results from the model are compared to prevalence data Department of Mathematics
from a 1984 epidemic of the disease to evaluate the adequacy of Iowa State University
mathematical models in describing disease transmission patterns in Arnes, IA 50011

a geographic region. CP 1
l,isa Sattenspiel
Department of Anthropok_gy
200 Swallt_w Hall Numerical Computation of llomoclinic Orbits

University ot Missouri For :/:= f(z, )Q, x E IR'_,A E IR,having a hyperbolic equilibrium
Columbia. MO 65211 p()Q, we study the numerical computation of parameter values A°

at which there is a homoclinic orbit. We approximate A° by solv-

Implication of Network Structure for Epidemic Dynamics ing a finite-interval BVP on t-T, TJ, with boundary conditions that
say x(-T) and x(T) are in appropriate linearized invariant man-

Computer simulations were used to examine the effect on the ifolds of p(A). If the solution of this BVP is (zr(t), AT), and if
dynamics of an HIV epidemic of the transmission network's the eigenvalues of the linearized vector Iield at p(A') are contained
structure. The goals were to measure inter-population and in (-oo, -a) u (/3,_), then we show that I.XT-- A°I is O(e-Ur),
intra-population variability in the time from the initial introduction K = min(2a + _,t_ + 2/_). 'this improves a result of Beyn, and
of the disease into the population to infection, and to then predict leads to an exponential convergence result for analogous problems

in which an eigenvalue at p(A°) is 0. The latter improves earlierthis with static network analysis. Stochastic fluctuations account results of Friedman and the speaker.
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Stephe.n Sche,_er Numerical Methods for Dissipative and Gradient
Mathern_ties Department Dynamical Systems

North Carolina State University For a general class of dissipative systems, which includes
Box 8205 the Lorenz equations, it is shown that a class of Runge-Kutta
Raleigh, NC 276115-8205 methods preserve the absorbing set of the underlying system,

and hence possess a 91obal attractor. Using [Hale, Lin & Raugel,
Maths Comp 1988] it can then be shown that the numerical

CoIllplltat ioli of Hett,ruclinic Colllloctiolls attractor converges t.o the attractor of the continuous system, in
ill (;r+uti,'nt PDEs Part I tKme sense, +ts the step-size tends to zero.

The numerical cot:Jpulation (,r heterc×lin,' connr_'tions iii The numerical solution of gradient systems, such as those
arising from models of phase transistions, is also considered. For

di-sq,ative PDEs with a gradient _tructure. such as those aria. such systems ali the w-limit points are equilibria and RK meth.
ilUZ it_ the modehnl_ of phase transitioh::, is cot_sidered. As a eds which preserve this property are identifed.
r,,,ult of the gradient structure it is known that. if ali equilibria

sr,' h_ perbolic, the llol+aJ attractor comprises the _t of equilib- Mr Antony R Humphries, University of Bath, UK, and Stanford

ria_a!td hetvrocli,tic orbits conlleeting equilibria to one another University.

lh,, PDE i, approximated b,' a Galerkin spectral discretization Dr Andrew M Stuart, Stanford University.
lr, pr,duty a _y_teni c,f ODEs. Anah+gous results to tho._e hold- Adremes for both authors:
l+_ f,,r tlw I'I)E at,+ pro_,,d fi,r lh,, ODE_-- in particular the Until March 1Sth 1992; School of Mathematical Sciences, Uni-
,.xj-teu(e at,d ,truer u,+. of lh,, _.h,hal attractor, verbity of Bath, Avon, BA2 7AY, UK.

From March 30th 1992; Program in'Scientific Computation, Di-
II,,tor,,*]ini_ rottt,ec1,_tl, it+ the ._ystem uf ODEs art' com- vision of Applied Mechanics, Department of Mechanical Engi

put,,d ;tsit,m t+um,,ri<'M C++htinu,ttion o,i the attractor. The seth. neering, Stanford University, California 94305.
,cd- en+plc+_o,]alh,_ lh," cahul_tlon of conllecting orbits _hich
,,tr P,n.,lo/.,/, a_ so!ullon_ of the Initial _alue problem. So::+e basic

,,_ t,_,,,ical r,,>ult,. ,,r,. Iz,v+',, ,alia,,, in_ t tie nume, ical methods for The Complex Ginzburg-Landau Equation:
_h,. t'haf,,,, lnfa_,,, probi,,m. Furt hor J,umerlca£ results are g;ven Numerical Schemes and Absorbing Sets.
f, ,t the ('ai+Ii-llilJl.t rd ,',!uar iou. sad for the pl,a:,e tiehl Inodel of
ph A.,.et ran,_t i,+t_,: th ..... illustrate the pre\ *ou,.ty unknox_ n strut- Althoughit is well known that'the complex Ginzburg-Landau
iu+.... f :h,, r gh,i_al attractor_ and the astute _f the heteroclini¢ equation definesa dynamical system, and that absorbing sets exist
,, ,,_+,,,, _,,t+, in both L z a_d H _ which yields the existence ota global attractor,

,r, .,,.,./,a_, }JA;: : _/.,..r,,ir ',p-,+<," ._n,tr,,, .XI_ruarr' _" little or no attention has been paid to how the equation should be
• ",, !,,,,l <sf),la_L.+:,+,,_ic,d qcw_+c+.... l'n_ver,ily of Iia_h. Bath discretized in this context.
1_\2 7.\'f. l' _t,,,+ K_-.,t,,m Our aim in constructing numerical methods is to obtain a dis-

" X,i,ir,,-- fr, m, April 1+,',2 i'r,,eralu lit St ivhti!ic ('onlputatio!t crete dynamical syslem which has -absorbing sets in the discrete
.+:, ,i <+_iIh['_+' At l<,:ta! LI `++_,,qlial i,-. lh, part m,'l_ -f ('OIII i_'l rpt Sri. L 2 and H t spaces which are hounded independently of initial data.

' + t _ ' ' L < _ a :_ f{ +r'_ t " [ : _ _ ' ' ' " [ I _ . ( " 1[_ ' ' t : { ' t % , I l _ . _ _¢ method of analysis will be indicated and results presented
()t_ b`+x,' fr,m_ +\ppl++'d Mat I,,.n_attc, I),'partment. 1,,nghua for both fixed step schemes and variable time step meth(xis using

I': + _,.r-i_ [_l,.i.iitt _ lc)eH- I. P Iii ,_'hil_a a local error conuol.

Gabriel James Lord, Dr Andrew Smart,

C< It)q)ut at foil (+f Hot t'ro('linic C,,tm('ct it)ns Dept of Mathematics, Program in Scientific Computation and

irlGr.t(li,,ttt PDE_ PartII University of Bath, Computafionai Mathematics,

7+i_,. ,'+uu,,,rical computation of heteroelit,c connections in Claverton Down, Dept of Comput Science,
,ti,,_pati_,' l'l_ti... _ith a gradient structure, such as those aria- Bath, Avon, Stanford University,
ititt II: rh,' l_......_,'iit_l_.of I>ha_e transitions, is COltsid,:,red. As a BA2 7AY UK. CA 94305, USA.
r,'-ult ,_f rh, _r,tl]i,qlt structure ii ts kt+ores thal. if :_lieq,titibria

.,r,. t_ p,,rt,,/,, the +zi,,hal attra_ tor cc,n_prt_e,, _he _,t of +,luilib- Accurate Computation and Continuatiou
;:;_ _:_,+,h,q,.r,,, !ll_, <_t[,i_..c_,_+t,e<tit_goqullil,tia _o oi,,, at_other, of Heteroclinic Orbits
Ii,, +Pl lt +. apptt_.ip.iat,+',! _++,ii (;alt_rkin ..,p,.tt'al di_cretization

t,, {,r+.,it:c, ,t +x-t,..,_+(A (Ill|i- .X.nal+)p.ou+.re,uh,; to tho.+z ht)ld- %'e fi_st summarize some results by l)oedel and Friedman on efti-
r,t, f+,t sL, ['I_! `sr," l,r,,_,-+ fl,r _he Ol)l_., lt ;+articular the cient computation of brandies of heterodinic orbits for systenls c,f

.,_,-:,.:+++ ,+_,.!-,:: _,+r,, of +: ,. _zl-haI ,,_rar't_,t autonomous ordinary differential equations. E,ssentmily, our numeri-

II,.'+'r,,, i,,+_c +,,r,t:,,+_._+_ _, the s_-_.'m uf OI)Es are con;. rsi method is to reduce a boundary value problem on a real line to a
D*:_,+,_ i,_+! _ l+_+H._,t, ai +¢+lttll_ilatioli eli ;It.' attractor+ "Ihe nwt/t, boundary value problem on a finite interval, using a closed forlii I,,cal

,,,_- ,_tl:pJ,.?,,',] ai!,,_ '+ii+" cAlt tllAltic_h of COhllV_l|_/:g orbits tA'hi(h approximation of the unstable and stable manifohls.

;.+, ,_tt.t++t,+._.... ]:,' ,+t+-_,fth,'ir_i++.+] xal,iOl,r<,i+l++m.S.tnebast< We next consider refinements of our algorithm t_ be al>lc, to _d+taln

:; : +,,r ,al ;,,.:_:!. ,,r,, e+_,q, .;d.la_t;Z _!,+.t,,ulh.r:cat n ,+lhr.la f,,r starting orbits on the continuation branch in a more systematic way a..
+ well as making the continuation algorithm more flexible. In applica-

_i,. + i_.,q+ !:,f;+: ', ;,t,,i,i+.t_: t+ur_h,.r _,+_tt_t.r_,'.ir,,-uh_ sr+'gi_,.t_ tions we u_ the continuation software package AI'I'O in c,+mt+it_a_ion
h,r ':.,. ,.++ :: it ]_:...:d ,+.,iu,tt,,,l+. a_+d f,,r _he i,t_a-,' f,,'t,J n_o+l+q,,f with st, me initial value software.

pi_._:; 'r.,_:-_'_<,;_- 'i_,+.... _l]u._t,t'e _+, pr+._+ou.i uak_._l stru_+ Tiw examples considered, include cotnputation of h_m,,chnic orl,ils it+

,+:, <,f r},. , ,.' ..+:_.i+,','r;- ,,,r, a,,d ,Y,,+_+a'ur,' ,,f ,h,' h,'t,.r,,<+t,,_,< a singular perturbation problem ancl in a prol,len_ ,,f tw,, c,_upl,.d ,,_-
,+r_!,:,,:,, + cl]lators.

!,.,.,.?i,_ t_,_:_ t ,,.r._ - ,,:,,:;,-, 1: :..:_ '._ ',,+:,+rr'" Mark J l:riedman
: "..:+,,,,i ,/ \I,,'_:. !_,,_..... ',, +,'r,,'- 1 _:_, .., ,.! B:,'.i_ lt,'+;, Anand (" M<+>nteir<-_

I_x, 7.\5 !'t :r,'d K_l_c,!,,_ti l)epartn'lent ofMathematical Sciences
• "x,i.!r,+-- f'+!:: ._.;,r:i i'+',2 I'r,,t:'.,_.. _': ",+,:' '+_ ( ,,,,;,;_a'_,,:: In_v,.rsit) of Alaban_a in Huntsvill,.
.-:+.: <',.r::_, .':_';,+r++-,+",l`+'t+.r_r_,- l_. ;,,_" _'.+:' ,,li +,z:_t,<,,,,,r_,,i lluntsville. Al. 35899

,L: ' _+ C:,,+ |'+,,+ ,.:,;. ,I _, '_i lc+'+ I_ t l+_lJlSel+ll',:+SJ Doedel
__ (1: +,++',, "C", ++, ",_tt+,+ii,,] _,+,+,*_++4+T,i_,'=,- +I,+>,: '_ +,++?+ ]+;ll++t_'et

Department of Applied .Mathematics
t _ ,,r.,+. ",,_, : ,: ! '+_'I i'1¢ < !:_,:_ ('alifi,rnialnstitute of'lechr, olp,gy

-- i'a._a,i_ma, ('A 9112:'_
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Cp _ ing parameter, Tl" is used as a problem parameter for free vibrations..I An explicit map is obtained for plastic cycles and a bifurcation of
rl2 is discussed. A unique elastoplastic limit cych" is shown t.o exist

Breakdown oi Stability of 2-tori for TI_ E [.5, 1) wherea.s infinite elastic orbits exist, as final states for
TI"_E [0, .5). C.ounter intuitive phenomena are exhihited in the lalter
case. Response of tile system under perodic kicking is analysed next

We discuss the problem of loss of stability of an invariant2-torus using semi-analytical and numerical techniques. Stable limit cycles

in a one-parameter system of finite- dimensional ordinary are shown to exisl for constant amplitude kicks. But the system goes
differential equations. The flows on the 2-torus are of quite through a series of complex bifurcations leading to chaos if the kick

general type. Our theory does not require smoothnessof the amplitudes are linear functions of the displacement.
toruS. We point out three distinct ways in which stability can be

Rudra Pratap
lost, and indicate what can happen in each of these three cases.

Cornell University, Ithaca, NY

Russell Johnson S. Mukherjee

Facoita di lngegneria Cornell University, Ithaca, NY
Universita di Firenze F. (:. Moon

50139 Firenze, Italia Cornell University, Ithaca, NY

Ying-Fei Yi Mode-locking Structure in Billiards with Spin
Department of Mathematics

Georgia Institute of Technology We have studied a modified problem of Sinai's billiards in the

Atlanta, GA 30332 square table, where an angle kick is added to the elastically

reflected angel due to the spin effect. In the spar!: of the aspect

Recurring Anti-Phase Be.havior in Coupled Nonlinear ratio and a kick, we have found that a phase diagram is complex
()seillators: Rmldom Noise or Deterministic Chaos? with infinite mode-locked tongues, and periodic orbits in the main

tongues are characterized by odd harmonic sequences. We have

%%'pdiscovered the existence of a new type of high-dimensional attrac- shown that at the boundary of the tongues a periodic orbit breaks

tor in coupled nonlinear oscillator systems. Due to the presence of down into chaos due to the change in the scattering sequence,
neutrally stable directions on the attractor, there can be noise driven

different from saddle-node bifurcations into quasiperiodicity in
phase space drift. Recurring anti-phase states are observed as coherent

per!inns of the time series. The observed time series looks coherent for typical quasiperiodic problems.
an int,,rval, thetl incoherent, and then coherent again. Although the
t inw s,.ries "looks" chaotic, the Lyapunov exponents are not positive. Kwang II Kim, Yoo Tae Kim and Seunghwan Kim
Bol h analysis and simulations will be presented. Analysis of this new Department of Physics and Mathematics

t,hen,,nlenon will be used to explain experimental data for a symmet- Pohang Institute of Science and Technology
rically c,-mph,d oscillator system. Pohang, Korea 790-600

Kwok Yeung 'l'sang
Ira B. Schwartz ()n the Dynamics of Aerot;lastic Oseillat.rs With One Degree

Special Project for Nonlinear Science, Code 4700.3 of _reodolll

Naval Research Laboratory, Washington, DC 20375 We consider t.w. aeroelastic ,scillat_,rs in cro.,;s Ilow with oi,. degree

q_ffreedom. Th,' first t_scillator is a special Ina.,_s-spring system which

A Singularly Perturbed Nonlinear Oscillator is able Iu oscillal,' in cr,ss-tlnw. !hal is perpendicuhlr lc, th_. directi.n
with Applications to Structural Dynamics of a unifor|n li.wing t,,,diun,. Th,. second oscillator is a penduhnn-

typ,' ,_scillalrnr ill crnssllow. The interesting .tith.r,'nce I,.tw,-.en the tw<,
Many umlti-degree-of-freedon_ structural and mechanical systems are ,,scillatc, rs ix !hal the motion of tbp first ,._scillat-r is pure transhdory
asselnhled fr,_l,i suhsystems or components with widely spaced stiff- wh,.rea.s rh,' n,,,t iot_ of the secund ,scilhth_r has a r-latiunal character.

m.sses or natural frequencies. The nonlinear dynamical behavior of By using a quasi-sleady theory as m,,,I,'l equali,ms a Lienard and Ken-
such svst,'ms may he sl udied hy utilizing techniques from singular per- ,.raliz,,d IA,.nard ,,quati,m ac,' ,,t,I aim.d. I:_,r the fin equalion a gl,d)al
turhati_,n theor.v and invariant manifold theory. 'l"hese methods allow and fi,r thr s.c-nd equati_m a Incal analysis is Ire'sen!cd r_,sulting; iWl

f,,r lh,. dyna_lical h,.havlor of the full order system to be closely al)- c.nditicms fi_r the exislpnc_, and uniqu_.lWSS ,,f tinfitcych.s.
t,r,,xm_a_ed I',.va r,duced order system with much lower dimensionality
,,n the .,l,,w manifuhl. An ,'xatnple of a buckled beam n,ounted on still" Adrlaan I'. ii. van der Burgh
litl,.-tr supp4_rts subject t._Jharmonic base excitation is studied, and the 'l'inih,r I. ltaaker

,',mdit l,,ns ,,n systenl paranwters under which the various approxima- I),'lfl IInivr.rsily ,f 'l'eclu,ol,,gy
_i,,ns ,,t" lh,, r<..duced order system adequately represent the full order lh.pl. ,ff T_.chnical .Math,.I,ati,'s aral ('lllll]'Jlltt'l" ,l_Ci,'ll('O

I,,ng t,.rl,l dynamics, in,'luding tlomoclinic orbits and chaos, are inves- S,.cli_,n Apllied Analysi._
l i_at,,d !'.(). I]()X 5031

2t;lll) (;A lh'Iri
I,,anni._ 1 (;_',.,r_ Th,' N,.th,.rhtnds
_rh,,, Jl ,_t"A,.r_,nau! lc: and Asl _.mautics

Aliil K l_aiai

_,'h .... l,,fM,,chanic;dE,iKine,'ring MS 5
Marl in .I ( ',,rl,.s...

_,'h....l,)f ._i,,r,-nautics And Astronautics Shadowing Orbits of Chaotic Differential Equations
l'urdu,, lniv,.rsity
\_,._ l.afa>',.tt-.indiana47!_(_7 The orbits of a chaotic differential equation

exhibit sensitive dependence on initial conditions.
Hence a numerically computed orbit will diverge

Bif, lr,'ati,ms and Chaos irl a very quickly from the true orbit with the same ini-
Bilin,.ar Hysteretic Oscillat,,r tta] conditions. In work now in progress we

A.itt,l,l_ SUl,l,,,,i..,, ,,..i,,l,,,_.. _ t ........ ] _ I _.1 _ ..... ; -- g I _ A ...... _ v p ] _ _ f fh_ (nne. qih]v nnn-;mifnrm_ hvnorbolicitv
.,f fr,-,.,l,,m .,scilhtt,,r wi!h hilinear I,yster_is.'l'be kinematic hardoi,- of the variational equation alonq the COlllputed
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orbit to find a true orbit which shadows it. Note IIl_ql_
that the methods developed for shadowing orbits of

IWIV V

chaotic maps cannot be directly applied because of
the lack of hyp,,,!_olicityin the direction of the Analysisof_trhuhmce,inthe.Orthom_rnmlWaw_l,_t
vectorfield, r_vertheless we have found a way to R.t;pr_s,mtation

"quotient out" this non-hyperbolic direction. The wavelet-transformed Navier-Stokes equal,ionsat,'ust'dh, do!itlo
quantities such ;k'¢,the trallsfer and thlx of kilwtic oi|orgy thr(mgh I.,-

Kenneth J. Palmer and Huseyin Kocak sition (x,y,z) and scale r. Analysis of pseudospcctral direct nut,l,,rh'al
Department of Mathemdtics and Computer Science simulatio.softurbulent{lowsr_,v,,alsthataltl.,ughl,hcl,t,'anspatial
University of Miami values of these quan|,itit, s agr('('with their (,raditiollal c(,tmcrl_art.s ',
Coral Gables, FL 33124 I,'ourier space, their spatial variability is w,ry large, (,xhibiting w,u-

Gaussian statistics. The local flux _ffeu,'rgy involving scah,s slt,alh,r
Smooth Invariant Foliations in Certain Dynamical Systems than some r also exhibits large spatial ixtt,rnmttency an,I it. is n,.gativ,.

We study existence and smoothness of invariant foliations to invariant quite often, indicative of local inverse cascadPs.
manifolds of certain dynamical systems with skew-product structure. Charles Mcneveau
(;ap conditions are introduced, and an uniform contraction mapping Department of Mechanical Engineering
principal on scale of Banach spaces is provided. Applications to quasi. Johns liopkms ilniversity
periodical motion and to singular perturbations are also discussed. Baltimore, Mi) 21218

Yingfei Yi
Georgia Institute of Technology The Multiscale Structure of the Passive Scalar Fiehl in
CDSNS, School of Mathematics Turbulent Water Jets

Atlanta, (;A 30332 The wavelet transform is applied to two-dimensional (lyeco,lcentration
Phone Number: (404) 894-8773 data in turbulent jets at moderate Reynolds numbers. The transfornt
E-mail: yi@math.gatech.edu permits an examination, at different scales, of the geontetry of turbu-

lent structure.s. Information about the nunl|)er of structures at,a given

Homoelinic Orientation and Chao_ scale, their area and aspect ratio is obtained; long, stringy structures
are observed at small scales.

Chaotic dynamics arises when the unstable manifold of a The wavelet transform is also applied to temporally resolved s,,(iuenc,_s
hyperbolic equilibrium point changes its twist type along a of LIF images, which allows analysis of the evolution of structures at
homoclinic orbit as some generic parameter is varied. Such different scales, their interactions and speeds. A significant part of the
bifurcation points occur naturally in singularly perturbed systems, dynamics involves the merging of scales besides the usual splitting tra-
Some quotient symbolic systems induced from the Bernoulli ditionally associated with cascading. A comparison with the w)rticity
symbolic system on two symbols are prove to be characteristic for field is made.
this new mechanism of chaos generation. Combination of R.M. Everson
geometrical and analytical methods is proved be to more fruitful. Brown University, Providence, RI

K. R. Sreenivasan
Bo Deng Yale University, New itaven, CT
Department of Mathematics and Statistics
University of Nebraska, Lincoln

Wawdet Coefficient Probability Distrihution Functiotls
Lincoln, NE 68588-0323 for Turbulent Flows

A new diagnostics method is being (levolol)ed to study som,_;_l-'ct,s
of intermittency in turbulent flows, lt consists in measuring system-

atically the probability distribution function of the waw,let transf,,rm
of the turbulent fields. This measurement avoids the I)robl,'nts du,.
to finite instrumental resolution which arm(, in the h,rmation of rb,,

Cantor Spectrum for the Quasi-lx_riodi¢ Sehr'ddinger Operator probability distribution functions for scalar or dissilmtion tichls fr(ml
experinlental data, or due to discretization in mmwrical sivmlal,ions.

We consider the one-dimensional Schr6dinger operator H with The theory of wavelet coefficient probability distribtjtiotk futtcli(,ns is
quasi-periodic potential q. We prove that there is a generic set q (h,wdoped and a simph, analytical closurP is prr,sent,cd. Solul.i(ms ,,f
of such potenti',ds (in the sense of Baire category) for which the these e(luations are c(mtparod with numerical and Cxlwrinttt'nt,al data.
spectrum of H is a Cantor set. Improved closure schem,s will be discussPd.

I'hilippe I,. Simile,
Russell Johnson AppliPd Physics I)ei_ar|,ntent
Department of Mathematics Yah, t!niw.rsity
University of Southern California New Ilaven, f"l'
Los Angeles, CA 90089

The Wavelet Transform as a Link between

Physical Space and Fourier Space

Turbulence dynamics centers on complex nonlinear interac-
tions among a wide range of sr_atial scales. Interscale
interactions in fully' developed tu_,,ulence may be studied to
advantage with three-dimensional orthogonal expansions of
Fourier modes in which each Fourier hlode describes a single
well-defined spatial scale. A difficulty, however, has becn in
relating interscale dynamics in Fourier-spectral space to
structurai evolution and dynamics in pi_ysical .,,l)acc. Wc
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focus here on the n-dimensional wavelet transform as a tool Boundaries of Locking iii Weakly Diffunive Clmmieal Systems

fbr relating structural evolution in n-dimensional physical An oscillatory reaction-diffusion nystem with weak diffusion and a gra-
space to modal evolution in n-dimensional Fourier-spectral dient irl intrinsic properties in considored, lt is shown that such a

space. To this end the wavelet transform is developed as a nyntPrucan SUplJort O(1) gradients iii local frequency. Tiffs ."ontrastn
class of spectral filters which in physical space extract scale- with the dinrrete analogue which only supporin gra(lienls of the same

dependent regions of concentrated activity, but in Fourier- order of rnagnitude as thr coupliug. This work is mntivated by nomt-"

spectral space extract Fourier modes within scale-dependent recent experinlentn I,y Swinney el al. and as a continuation of previous

regions of n-dimensional spectral space. The use of isotropic work by lhe aul hor and W.('. Troy.
vs. nonisotropic wavelets and wavelet transforms and their (;. Bard Ermentrout
application to the analysis of turbulence data concurrently in Dept. of Mathematicn
physical space and Fourier-spectral space will be discussed University of Pittsburgh
using 3D computer graphics as a visual aid. Pittsburgh, PA 17)260

James G. Brasseur and Qunzhen Wang IIIRC III
Department of Mechanical Engineering

I111 | ll,,B

Pennsylvania State University
University Park, PA 16802 Invariant tori for nonlinear wave equations

Some of the principal results of the KAM
ImIL'_ =Y theorem are extended to infinite dimensional
IVl_ / Hamiltonian Systems. This allows us to describe

some of the important structures of the phase
space on which they are posed. The main applica-

Fir,.flies and C,iullle,l Osrillat,,rs tions are to the nonlinear wave equation, and to

Iri >.,,til,' t,ar:_. ,>f Souih-a.,_t Asia. thousands of firrtlies galher iii tr.es other nonl inear evolution equations of mathematical
ai flightatm il_L,h,m and ,,ffin unison We discuss a simple nlodel for physics. There is a surprising relation between
1bin r_.lHarkablr rxanll,lr of Sl)ontaneous syiichronization. The model the techniques used in the proofs and the FrohIich-
<',resists of coupled rrlaxation oscillators that cornl'nunicate by hud- Spencer theory of localization for random operators.
d,m ii,Hml._,'s, rather than hy continuous feedback. We prove that. for

alut,;si ali initial conditions, the systeln evolves to a state where ali Walter Craig

_h,' ,'..,'illators are firing synchronously. A videotape of synchronous Mathematics Department
" " " Brown University

.Malaysiali fir,'tli.s will be shown. Box 19i 7
St,,wm I1. Slr,_Katz Providence, RI 02912
l),,i,i, r,f M:dheIHalics
,%11"1
('amt,ri,t_<., MA (i:dl:19 Dispersive Initial Value Problems and Their Limiting Behavior

Iri this talk, based on a review article by David Levermore,
Dynalnics (ii" ,]OSelihsoll Jilnction Arrays Sitefanos Venakides and the speaker, we look at variety of

Ttl,..lr.,s,"liliSOlljlliictiori array has for yearn beeFlan iniportant system equations describing physical systems in which dissipative or
iri the ..,tud.', ,,f l(j_,'l,'l,.;np_>raturP phynics. More receritly, it has betaine diffusive mechanisms are absent, but which undergo dispersive
an arch,'ty!J,, iii lhc study of dynalliieal systolns having lilai])' degrees processes. We shall investigate the limiting behavior of such a

,.fffr,-,',loin. Methods froln dyllalnical nynteilis theory have proven ust-,- system when the parameter in the dispersive term tends to zero.
flit ill illlr,,',+'rilig rrrtaiil novel behavicJr relevant to a far larger class "r_'lelimit exists irl the weak, i.e. average sense, and can be
<.,fl,hysiral .'.y.'.d,'lllS Tiiis lalk louches on three nuch ptienornvna: al- described with great precision. We present several cases where
i raci,,r ,_r,,wdinK. (',_h+_r,.nt d,,_Irucli_+ _ aml,lification, and dynamical tile limiting behavior has been analyzed and understood. Ali these
r,.v,-r,,il,ility cases are completely integrable, which makes them explicitly
t<_lrlI,%,i,',-,*'lif,'l,l solvable. We study these explicit solutions and trace within their
.q,.h,,,,I,,f l'h>_i,-_, structure the passage to zero of the small parameter. In this way,
(;,.,,rt_tal,.ch not only the weak limit, hut the microstructure of the oscillations
.,,,]ai,, ;t (;..'_:_l_:_a2 canbe understood.

Peter D. Lax
N(,ulin(,ar t)scillat(irs, l]ioh,giral rlhythlns, and Lail(lau Daiiip-

Courant Institute of Mathematical Sciences
h,g New York University
_l_l :tllai'.r/i ' ;t lii''dll <'f (',JUl,l.d iirJlllliirar <>_cillalr,rswilh ran,l(Jlllly 25I Mercer Street
,li-i ril,_i_,.,I fr,.qll,ll,i, - Tw,.nt.T-tiv,' .,,,.;irs ;lg(J ii wa._ c,:>lij,,c!ure(t thai. New York, NY I0012
f,.r ,,.lt,liii_ MD.lil_iii> I,+.l,_w a c,'rlain itir,.sh<dd, lliis _)M,.ili w<ml,l

ai_'i'_- r,iaX 1<, :til iilr(,h,'r,'iil Mal_ till',, i>r_w • thai lhls ,'(/li i<.('tllr+.

i_.,1,t-f,,r lh, ".>-l,'iii [ilit'arl/l._l ;ii>dill lhr illa(lil+'r+.lll stale, f,,r frrqtlrliry Ftlrr(;(l ()srillati(liis (if the Todll Latt.ieo

+tl-lr!t,iili,,li. _villi <,,iiii>a,l >lltlll,_rl "ltw r.la×ali,,n i._ rxl,,-,lielilially I%',. sludy the behavi<_r ,Jr ii ._.i_ii-ilitinii- ,'haili ,,f i,arlirl,._, with ll(,ll-

f.t>l al ilil,.ri/l,di:tl,, lilli_'_ I,iil _l_w,,r lhali .Xl.Jli_.nlial ai b,lij4 lillir._ llllear liVaD.sl n+,iltiil<,r inl,.racli+>ii_ wlwli iii<. z.r, dh pariiclr is l'_,rc_.d
[ ii, ],":'l_ Iii,','}ialii_ili i>. r-itlarkatd> _iiliilar lr, I.andall dliilipili_ iii wllh ;t give'li _+'lrJcil)' fllliCti(Jn l,,(/s Thr ,dUrri i_ i(_ _tlialyT.+" iii- Mrilc-

t,i:i.-lll.t_. , _,h lh,mizh iii,. lil,,d.l _;l._ ,_rigilially ili_pirPd I_, !n,d<04i<al lllr_. +l|'ih,, +,scillali_nis w|ii,'h ari._<. \li',. t..rf<,riN ,,ilr caiculali,,li!. _,11lh+.

tit', l tilli- 'l),da ciiaill (,_xlJ_lili'ltl lal [_Jrc+. liiw} ;tlld ad,lr.s.-. I,,-ri,,itl, f_ ,rClli_._ l,(l j

[t, ll.,l,, [. Mir<Hl,, with a lJOslliv+' ilW.tlt {._ti,,('k I,r<ll,leiiiJ 'lhi_ llllikt.._ IIi+' l,r(,t,l,'lli li,di-

li, l,l , f \l;ilh+.iliatlC_. illit-.graHe W,, d.riv,, a (q(Js,.,!>VM,qli ,if ,hl[_.r_.liilltl (.qllail(dt_ ](,r lhl.

if..i,,ll l ,>ll,.t_ .... IK"llvahl"_ fir lh+. _s_,J,iai+.,i I.;ty ,,I,,'r;it,,r ,d lh,- llr<,ld<-til %Ii'<. lit;ii(<,

('ii, Mlilil Iliii MA ll71C7 a I,,ll_-llllir anal wi._ ,d !hi._ ._)M_.lli I,, ,t,.l+.i ;tj,. iii;lilt [,.;tlllrr_ <Jt" lh+.

<>>, ilial,>ry Mrlirliir. ii_ lhr chaiil
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Percy Delft. Xiao-Biao IAn
'l'hom;m Kriecherbauer Department of Mathematics
Courant Institute of Mathematical Sciences North Carolina State University
New York University Raleigh, NC 27695-8205
251 Mercer Street

New York, NY 10012 Self-Trapping of Traveling-Wave Pulses
Stephanos Venakides
l)epartment of Mathematics A puzzling fi_at,ure of experimentally obserw'd traveling-wave pulses
Duke tlniversity (i.e. of (envelope) solitary waves)in binary-mixlure convectiol, is their
Durham, NC 27706 exceedingly slow drift; it is up to a factor of 30 slower lhan exp,,cl,'d

from conventional complex Ginzburg-Landau equations. I show thai
the expansion leading to these equations ceases to be well ordered

Solitary Waves, Asymptotic Stability and Hamiltonian Systems in the limit of slow mass diffusion which is relevant to this systetll.

I will discuss results on orbital asymptotic stability of solitary For simplified Imundary conditions, I derive new, extended complexGinzburg-Landau equations for the convective amplitude A, coupled
waves of nonlinear dispersive partial differential equations, to a new concentration mode C. Numerical simulations of these eql|a-
Examples include the Korteweg - de Vries equation and a class of tions show that. localized pulses of traveling waves can become trapped

nonlinear Schrodinger equations, both infinite dimensional m their own concentration field, i.e. they propagate wit,h a spee,I which
Hamiltonian systems. I will also discuss the onset of instabilities is considerably smaller than the group velocity over a wide range of im-
in such systems. For example, in KdV-type equations, transitions rameters. With the eoncentratiou mode (.' included and for non-zero
tO instability are unlike typical transitions to instability in finite group velocity, localized traveling waves can be si.able ewm when ali
dimensional Hamiltonian systems. Such transitions can be the coefficients are real, i.e. without any dispersion, and even if l.t,e
understood in terms of the motion of poles (resonance poles) of a bifurcation to extended waves is supercritical.

resolvent formula extended to a multi-sheeted Riemann surface, ltermann Riecke
Department of Engg. Sci. and Applied Mathematics

Michael I. Weinstein Northwestern University, Evanston, IL 60208
Department of Mathematics

University of Michigan Domain Walls in Superstructures, Sources, Sinks and their
Ann Arbor, Ml 48109 Stability

CP 3 Domain walls separating static spatially periodic structureswith different wave numbers have been observed in chemical

systems (Turing structures) as well as in convection. We

Dynamical Metastability in Cahn-Hilliard-MorraI investigate them within the framework of a Ginzburg-Landau
Systems equation which is fourth order in space. We determine their

Cahn-Hilliard-Morral systems are multicomponent stability and compare the results to those obtained in the
corresponding phase equation. Particular emphasis is put on

analogues of the Cahn-Hilliard equation for phase the fact that the phase equation becomes invalid when the
separation in binary mixtures. Numerical and wave-number gradients become too steep. We clarify the
empirical evidence suggests that after rapid fine- connection between the domain walls and the universal Eckhaus

grained decomposition extremely slow coarsening instability. In the case of a complex Ginzburg-Landau equation
may occur. Until recently this phenomenon had the domain walls correspond to sources (or sinks).
only received rigorous verification in the two-
component case, and fairly complicated methods David Rain and Hermann Riecke
were necessary in order to obtain the best estimate Department of Engg. Sci. and Applied Mathematics
on the slowness of motion. Northwestern University

Evanston, IL 60208

The speaker will describe how a very simple
method based on energy arguments can be Stability of Steady States of the Ginzburg-

modified to give equally good estimates; Landau Equation in Higher Space Dimensions

furthermore, it can be generalized to an arbitrary We consider the Gi azburg-Landau equati on in
number of components, a bounded domain of RIj subject to the homogeneous

Neumann boundary condiLions; it is wri.tten in the

Christopher P. Grant form ut=_+(1-.Lul2)u, -a=ul+iu 2. This equation has
Center for Dynamical Systems and a Lyapunov function, f-ore which it follows that
Nonlinear Studies every solution converges to a steady state as
School of Mathematics t+_. In this presenta:ion we will show that

Georgia Institute of Technology the stability of non-cmstant steady states is
Atlanta, GA 30332 closely related to the shape of the domai.n.

Shuichi Jimbo _ and Yoshihisa Morit.a _H_

A Now Passagt. to Gene.rateD'.ffusiw'. Patterns _Department of Mathematics, College of l_iberal
I discuss a ,liffusiwqy perturbed predator-prey system. For the corre- Arts and Sciences, 0kayama IJniversity,
Sl,,m,lmg ()l)l', there is a homoclinic (heteroclinic) loop which breaks Tsushima, Okayama 700, Japan
_nt_,sial,l- periodic s,dution after varying a parameter. Forlarge diffu-
.-.i,m. this s,,lutifm represents a stable spatially homogeneous time pe- r_Department of Applied Mathematics and
ri,,,tic s,,luli,m f,_rthe I'I)E i show when the diffusion becomes small, l nformatics, Ryukoku Uni versi t y, Seta_ Oht su
lh,, .,,palially hom,,g,'l,'ous solution loses stability and bifllrcates into 520-21 , Japan
.,pa:iallv i'_mlu,_ltog_,m_oussolutions.
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Interaction and Stochastic Dynamics of Ltwalized States of Closeness of the Solutions of Approximately Decoupled
Multidinlensional Nonlinear Fiehls Damped Linear Systems to Their Exact Solutions

"l'ho analysis of collisions of two localized states of a classical nonlinear The simplest technique of decoupling the normalized equa-
riehl reveals chaotic scattering thai COl,sists in a conlplicated unpre-- tions of motion of a linear nonclassically damped second-

dictabh" behavior of "particles" iii the region of interaction, with the order system is to neglect the off-diagonal elements of the

",_cattered" (outgoing) particle trajectories strongly dependent on ini- nomaalized damping matrix. In this paper, the error intro-

tial conditions (i.e. ell hl¢ondng trajectories). The dynalnics of the duced in the system response due to this decoupling tech-
interaction of such localized states iii a bounded space gives birth to
d,.ternlinistic Slmtio-teniporal chaos like that observed iiISinai billiards, nique is studied, lt is shown rigorously that if the off-
Direct c_lnpllter sii|ullations and analytical estinlations show that lc.,- diagonal elements of the normalized damping matrix are

cali_,od states lua 3 +,xist iii tile fMds given by generalized Klein-Gordon sufficiently small and if the approximately decoupled sys-
and (;ilizburg-Landau ecluations. Newtonian equations of motion for terns are reasonably damped, then the approximation error
iii,, 1 walizod structure are ,,btailied. Numerical experiments show that and its derivative are small - an intuitively obvious result.
lht.r,, ;iri, ,-,scillations iii forins of localized states corresponding to ili-
iernal <h,greosof freedom, tiVheli exanlining tile shnple problem of the S.M. Shahruz

ini+>raction of a pair t_f two-diniensional localized states, it has been Berkeley Engineering Research Institute
f,,und that the interaction gets more complicated as the internal de- P.O. BOX 9984

grees of freedom of the localized solutions are excited, i.e. a" nonelastic Berkeley, California 94709shock" _lccurs.

•.3_=5. I,oIi,<,v G. Langari
S_i('ntitic ('()llnSil (_li ('yl)erneti('s
Ilussian Acath'iny of Sciences Department of Mechanical Engineering
xi,,_,,-,>w.II i,ssia Yexas A&M University

M. I. llal-,inovich College Station, Texas 77843

Inst ii ute Applied Physics

_llssian Acaderny of Scit:,llCeS On a Problern of Nirenberg

Mt s"cw lhissia Concerning Expanding Maps in Ililbert Space _

Let H be a tlilbert space and f : tl ---* H a contin-MI

t.,r" _ <,o.._e._rJ_,,<i_ng,,,_p(_.,,.IIf(.")- f(:,_)ll--->It.,- ,111
A.r,y { 1[ ) and f(ll.) has noueltil)ty inlerior.

Systonis with lnterniittent Switching of the Activity ..... L.Nirenberg asked if these conditions are sufficient to
Distinguishing rtandoin and Chaotic Processes

ensllre that f is onto: Topics in Nonliliear Fllll(:tiolla]

Til,.r,' is a larg,, ntlulbt.r ,if physical phenolrleria exhibiting a peculiar Analysis, l,eclure Notes, New York, 197,1. We give a

b,.ha_ior: iii,, ._.vst,,in is qui_.scelil for long periods followed by a burst partially negative answer to this problelii by constru(:t-
,,f activity. 'l'his Iwhavior is persistent, and can be characterized by' "
lill,'rinitl+'nl sv.iichinK ,if syst.eni variabh..s. Exaniples include SUliSpot ing a continuous lnap 1:" ' !! --+ 11 which is li(it (Jilt(),
;i,.li,ity iii a.,tr,.,plLvsics and interi,littent turbulent bursts occurring F(tl) has noneinl)t.y interior, II/"(.,,)11= <li:tilA .,'E II,
iii ,>Ihl,r,,viso lalniliar pip, flow iii fluid dynamics. A general nlodel c > 2 and lhc traji;ctories of dynalnical svstl'lil defined

d,,scril,ing ild,'rlnilieni I ,havic, r lia-s beon flauid. (ltir niodel consists I)y /;' di\'org<,iii ali exl)oiloiltial way li.o, sl'nsii.ivt' delJ,'ii-

,,f a sllUl,10' dynailiical sysleHi iii.Rr a bifurcation point. Introducing a dence propl,rlv o('('llrS). _.V(,show lhat 11o lllilt) wit h lh,'iinw ,t,q,,.ll_h,nt bi[urcati_lll llarairietor we are able to switch between
,lift',,r,.lit sialos of the systelli creating a tinw trace as described. At above prolmrties exists iii the finite diiliensioltal case.
i lw i_ro._,.lii lilii,, we Call vary lhne dep,.ndenl, bifurcation I;arauwter

"l o bl. inildished iii llr<woedings of lhc AlliVrican Mal helllal icai
,.lih,.r r;tli,i,,;illy ,,r cha,>iically and, yet we Call produce signals which Society
;lr,' ,:t[lllll,'-;l identical. 111ihl. flllilre we would like to provi& tests OIIthe
,,llll:Ul _,lg,lial Wiileh w,,uhl distinguish lhc tyl,e of forcing heilig list+'<{. .]alltlSZ ,qz('zl,tmiiski

l'olisli Acadeluy (if _cieli('¢s.__i._tlt_a_n_l'l__J_lt
(',,,I,. I1.t.1.NavSV_'(' bilv,r Sl,ring. MI) 2(19(J3-:'100(J lllSiitule of ]:llu(lalileutal Teclilioh,gical iles('alch

f'llarh._ l'r,.ss,.r ._wiqi.okrzyska 21' (tO-(i.19 V%'al'saw
IBM. I'(1. B,,x '21_. Y,,rkt,,wn ll,.ights NY 10:')98 Polailll

l';,l_v:ir,l _;i,i,.14,.I

..\,i r, ,n, dll)l),'liartliil'lit, (',,lunil,ia I!niv,,rsity. l'ullin llall. B,,x ,14 Oil Stability in Nonlinear I)ynamical Systems with
N',._ _,,rk NY 1(tl)27 Perturbations

General nonlinear ordinary differential equations system of

A Hartrnan-Grobman Theorem for Maps. Carateodory type with small parameter are considered, lt is

A local stability theorem, an analog of supposed that unperturbed system (if small parameter E equals to
the Hartman-Grobman Theorem for maps is zero) is a nonlinear system in the critical case. The common

formulated and proved. The discussion definitions of E - stability, E - attractivity and asymptotic stability

is illustrated on simple examples which are introduced. Sufficient conditions of stability and instability by

clarify why the previous attempts to means of generalized Lyapunov's functions are given. The

formulate the Hartman-Grobman Theorem Method is based on the recent development of Lyapunov's direct
have failed. The obtained result is

directly applicable to a class of method modified for systems with small parameter. The partial
retarded funtional differential equations, stability are discussed as weil. The restilts are illustrated by some

applications.
Natalia Sternberg

Department of Mathematics/Computer Science
Clark University
Worcester Massachusetts 01610-1477
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Oleg V. Anashkin the case of moving ma._,i with those corresponding to tile

Department of Mathematics travelling load is carried out.Furlhernmre,lhe inert ial elTect

Simferopol State University of the moving mass has been proved lo be an imi)ottanl

Simferopol 333036 factor in tlm dynaunic behavior of such strttctures.
the Crimea, Ukraine

E. Ksmailzadeh, lh'ofessor

and

CP 5 M. Ghorashi, Ph.D. Candidate

lnw,stigations of Chaos in a Train Wheelse.t Deparllnenl of Mechanical Engineerillg

with Adiabatically Varying Parameters Sharif Universily of Technology

Wc consider a train wheelset as a nonlinear dynamical system con- Tehran, IRAN
sisting of coupled linear oscillators subject to nonlinear friction and

Ihmg,. forces, l)etermination of the parameters for which chaotic be- f'lLrlb
havior ewcurs in this system is important both for railway design and skar" IJ

t'-r tmd('rstauding the dynamics of complex mechanical systems under
the itdluenc(' of impact forces. This is accomplished by calculating the Orbits Homoellnic. to Resonances: The Hamiltonian Case

I,yal)ttmw exponents for the system while the parameters are varied
We consider perturbations of completely intcgrabh' two degree t)l' fre,,-

adiabatically. This procedure has two benefits over the usual calcu-
dora hamiltonian systems with an ,S'l symmetry. We ;I.,-;.'411111("that the

lation of l,yapunov exponents at, iixed parameter values: it allows for unperturbed system has a hyperbolic one-lmrameter family ,)f ('h)s_.d
a nl_rt' eitici,'nt inw_stigation of parameter space as well as providing orbits with coincident stable and iiiisi.abh', manifolds, and (tie stl('h _,r-

insight into the behavior of accelerating systems, r:sing this procedure bit or a sul)set of the family is resonant, i.e. degenerates int. a set
we investigate the onset of chaos in a train wheelset as a function of

of tixed points. Systems of this kind arise e.g. in the study ,_f tb_'
vchwity, spring consta|d.s, and flange forces, hamiltonian Sine-Gordon equatioll or iii the analysis of I.he hamill.o-

Micha,'l Ih,se nian l: 2:2 resonance. In these cases global i)erturl_ation met,hods for

LAMF, Technical University of Denmark the detection of homoclinic tangles do not work I)y tlw w'ry i)rest,ncv
;281)1)l,yngl,y, I)EN MARK of the resonance.

Using singular and regular perturbation thc.ry, we I)resetd. a simph,-

Transient ('hat)s in Wlte('l Dvnami('s to-use energy-phase criterion for the _,xistenc_' of transw'rs_, holu,,,'linic
" and heteroclinic orbits in a neighl)orhood of the res.nancc. 'l'hesv ,,r-

The so-('alle(l shimmy of towed wheels is a classical dy- bits are doubly asymptotic to dith_rent kinds of tixed i)(,ints, pert.die

uami('al l)roblcm, Design considerations of aeroplane nose solutions or combinations of these, which are rn'alcd b!l the' i,crturb¢_-

,t_ears and steered wheels ()f cars are still maderlining the t_on. The criterion inw)lves the analysis ,ff a ota' (h'gr[,c of I'rc,,thml I_,

iml;()rl an('e ()f n()_dinear analysis. Anybody (;an (,xl)erietlce tential problem, usually called the pendulum equation. We also c_msid,,r
• chaos and bursting associated with some of the i)ossil)h ' I)r,'diclit,ns of

the chat,Ii(" m_tic)n ()f these wheels on trolh:ys in SUl)er- the theory.
llHll'k('IS. It (';m nls() I)c detected that the cluu)tic (lance,

(;y(irgy llaller
s(_llt't ilnes (lisalH)(:ars quite mx(:xpecte(lly. Stephen Wiggins
A h)w-dilnellsi(mal model and the analysis of its phase ('.alifornia Institute _.,i'Technology

spa('(' ('xi)laSts this peculiar l)henomenon which has rarely Pasadena, CA

l)('('n ()l)s(,rvc(t in classical m(,chani('al systems. An analyt-

i('al i_1(,Ih_,(t is l)rCscnt('d t() estimat(' the lif(,-exl)ecta.ncy of Transfer of Capture, During Passage Through Resonance

c]la_,s il_ tlu'.s(' sysl_'ms. Wt, preseut a mechanism for transfer of cal)turc in Iwrt.url_ed tw.-

(;. _t[;l_i_ frequency llamiltonian systems. When the t.tally aw'ragvd syst_'m

l)_,l_artnl_,llt _f Al)pli_'(t hh'chanics Tch,l)h()ne: (361)1812170 has an isolated attractor which passes through a str_mg rvst,nan,',,, ,m

"l',,,'tuti_'al [;_iv,,rsity ()f Iludal)cst E-mail: - a time scale which is asymptotically slower than thai ,m which th,,

[t 1521 lht(lal)_'st, Hm_g;ary Fax: (301)1812170 damping works, then it, transfers its domain of attracti, m to the rest,-
tahoe. Application of this work to spin-orlfit resonance ('al)tur(, in lh,,
Solar System will also be discussed.

Dynamic Modeling of Vehicles T, J. Burns

Traveling on Bridges NIST, (_aithersburg, MI)

Engineers designing highway and railroad bridges have (' K. R. T Jones

renewed tile investigation of the travelling mass problem. Brown University, Providem'e, RI

Suspension bridges on which vehicles travel could be

dynamically modelled as a moving mass on a simply Second ()rdcr Aw:raging and Resonant Aml_litttde i)ytmtnics

supporled beam. A lhorollgb investigation into tile analysis of a Nonlinear Two Degree of Free.dora System

of beanls with differenl boundary conditions,carrying Many w_,akly nonlin_,ar, multi (h,gn,c .f frc,,d_)m u..chanical syst,'ms

eilher lnovJng Inasses or loads is performed. Analytical and have been found t,o exhibit c.mplex dynamic b,,havit,ur all_t anqdii t,h.

iitllnerical lecliniques for determination of the dynamic m.dulated chaos under resonant fi)rcing c_mdit.i_,ns (bw _.x;u_tl_l,._d'
Sllch syst, elllS isthe autol_araltmtric IH'|ldllhllll vil_r;tti_lz al_s_rb,.r r,,n

behavior of l)ealns dite lo a concenlraled travelling load sisting of a primary spring-ma.'_s-daml_cr system atta,.'l,,'d t,, a danq.'d
alld nlass are presented. The transformalion of the Euler- sinll)le i_elldulutn. I,lsil_g the alnlditu(I,' (,1' fi,r('ing ;ts a sin:til I,aran_

Bernolllli lllin I)ealll gqlla|ion inlo a new solvable series of el.ct a s_.c(md _)r(h.r aw,raging analysis is I.'rfi,rn_cd aral lh,. r,.,_ulltng,
ordinary difl'eren|iai equalions is fully demonstrated. The aw,raged equali(ms are it,w'stigated fl,r their si,,ady .sl.at,, s,_luti,,ns

response of this resulting,somewhat more realistic,nlodeled |]ifurcatitm sets (ff the systen, art, ,h,v,,hq,,',l and r,,gi,ms ,,f ,'ba,,I i,' I,,.

sysleln is deternlined using analytical and numel'ical hayS, mr are studied using the s.ftwarc I,ackag,'s AI:'I'() ;tn,I ('IIA()S

techniques. A detailed comparison belween the resulls for
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BappadityaBanerjee crystal materials in the presence of flow,

AnilK. Bajaj electroma genetic fields or in relaxation regimes
Patricia Davies associated wi_!_ such phenomena. Specifically, I
School of Mechanical Engineering consider the following topics: Formation and
Purdue University evolution of domains, walls and phaseboundaries

West Lafayette, Indiana47907 in the material. Defects and patterns in tbe

presence of flow. Formation of disclinations.
The governing system consists of nonlinear

_ J equations of parabolic type for the velocity field,
the hydrostatic pressure as well as the optic
variables of the model. Such equations exhibit

Piano-Uke Dynamics and Strange Nonchaotic Attractors reaction-diffusion mechanisms together wit_ those

that cause singularities to form. Properties of
Smale horse shoe map is commonly accepted as an arch type for the solutions corresponding to the previously
strange chaoticbehaviour. Similarly we areproposing for described phenomena result from the outcome of

nonchaotic strange behaviour a discrete map and an analogous such competing nonlinear mechanisms. In some
geometrical picture based on cantor set-like objects. The cases, the problem turns out to be analogous

immediate consequence of the suggested discrete piano dynamics to that of the Hele-Shaw cells.

is that the Kolomogorov capacity dc of the Poincare map of a

system displaying nonchaotic strange fractal behaviour will tend Prof. M. Carme CaldererMath Department
toward an integer dc =2. An analogy to a quasi-periodically Penn State University
forced oscillator is made. Univ. Park, PA 16802

M. S. E! Naschie

Cornell University Motion of defects

Upson and Grumman Halls Defects are singularities that appear when long
Ithaca, NY 14853-7501 scale approximations break down because of

topological constraints. They play a major role
in both statics and dynamics of liquid crystals,

Transition to Hyperchaos in Coupled Generalized van der Pol superfluids, superconductors, nonequilibrium

Oscillators patterns etc. We shall review recent results

lt has been shown that two forced coupled generalized van der Pol about the interaction of codimension two

equationscan show hyperchaoticbehavior,i.e.the firsttwo one- defects in various setups.

dimensionalLyapunov exponentsarepositive,The scalinglaw for Prof. J. Rubinstein

transitionfrom chaos to hyperchaosbased on thepropertiesof Dept. of Mathematics
Poincare map has been found. For fixed parameters values Technion

different behaviours of the system, such as limit cycles, chaos, Technion City

hyperchaos coexist. HAl FA
ISRAEL

Willi-Hans Steeb

Department of Applied Mathematics Regularization of the Coulomb singularity

Rand Afrikaans University In Dirac's theory of a point electron, the equation
P.O. Box 524 of electron motion is a balance between finite

Johannesburg 2000, South Africa parts of an infinite energy-momentum. This

equation admits nonphysical runaway solutions in

Chaotic Model of Dry Friction Force which an electron accelerates to the speed of
light in the absence of an external field. Here,

A mathematical experiment is described in which dry friction a nonlinear field theory is introduced, which

provides a nonlinear coupling between two quasiperiodically supports singularities along time-like world lines
forced linear oscillators. Interpretation of the aperiodic behaviour with finite energy. The equation of singularity
of the system suggest that the frictional force is a chaotic function motion follows from a finite energy-momentum

of the relative velocity; the chaotic behaviour may be understood balance, and the operator which represents

in terms of a degree of freedom of motion normal to the surfaces radiation react ion is an integro-differential

in friction contact. A new chaotic model of dry friction force is operator which does not permit the runaway

presented, solutions of Dirac' s theory.
Prof. John Neu

Tomasz Kapitaniak Mathematics Dept.

Division of Control and Dynamics University of California

Technical University of Lodz Berkeley, CA 94720

Stefanowsr iego 1/15

90-924 Loaz, Poland A topological defect model of Superfluid

We consider a complex scalar field evolving

MS 9 according to a nonlinear Schroedinger equation.
This equation has an interpretation as a model
of Superfluid, where the topological defects of

On the dynamics of defect structures in the field play the role of Superfluid vortex
liquid crystal materials fi[aments. In a certain limit, one obtains a

reduced equation for the motion of the defects
I discuss the process of formation and evolution

which agrees with the well-known phenomenological
of singularities and domain structures in liquid Ha_.l and Vinen equati_;n. We will describe the
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matched asymptotic analysis which yields this Kenneth A. Loparo and Xiangbo Feng

equation and discuss some aspects of the defect Department ofSystemsEngineering
motion such as stability. We will also discuss Case Western Reserve University
a feature of the full field equation which leads Cleveland Ohio, 44106-7070
to the spontaneous nucleation of defects.

Prof. Neil Carlson Invariant Densities and the Macroscopic Asymptotic Bch;tvior

Mat h De p a r t men t of Digitally Controlled Continuous-Time Systems
Purdue University
West LaFayette, 1N 47907 Recent work has demonstrated that controlling an unstable

continuous-time system with a digital feedback controller gives
rise to a closed-loop system whose state dynamics are chaotic.

MS 10 The chaos arises from the locally expansive dynamics of the
open-loop system along with the presence of quantizcrs and
finite-precision arithmetic devices in the feedback loop.

Control of Systems with Homoclinic and Heteroclinic Complicating the analysis is the fact that the flow governiug
Structures. the closed-loop state evolution is not only nonlinear but al._o

non-differentiable. Nonetheless, in certain cases one tun
The existence of complex or chaotic behavior in dynamical characterize the closed-loop chaos macroscopically in terna._of
systems can often be explained by the presence of homoclinic a probability measure on the state space invariant trader the
or heteroclinic orbits. In a system with controls one can use mapping that describes the state evolution between smnpling
these structures to control the behavior of the system, either by instants. The properties of this measure depend on the control
driving the system to appropriate neighborhoods of the orbits scheme and are therefore subject to the designer's influence.
or by altering the orbit parameters. In this talk we explain how
this technique may be used to regularize a system with David F. Delchamps
complex behavior and show how it may applied to controlled School of Electrical Engineering
ODE's with symmetry and to the control of turbulence in a Cornell University
finite-dimensional model of the near-wall region of a turbulent 329 Theory Center
boundary layer. Ithaca, NY 1485_

Anthony M. Bloch
Department of Mathematics Destabilizing Limit-Cycles in Delta-Sigma Modulators
TheOhioStateUniversity withChaos

Columbus, OH 43210 Delta-sigmamodulatorsareelectroniccircuitswhichareusedto make
JerroldE.Marsden highprecisionanalog-to-digitaland digital-to-analogconverters.These
DcpzmmentofMathematics systemscontaina singlenonlinearelement(a quantizer)embedded
Universityof California inan otherwiselinearsystem,and so can exhibitsuch ,mnlinearbe-

Berkeley,CA 94720 havioras limit-cycles,subharmonics,phase-lockingand even chaos.
Limit-cyclesareparticularlydistressing.Randomizingthequantizerby

BifurcationControlof Chaotic Dynamical Systems addinga dithersignalhas beensuggestedasa solution,but thisadds
extranoiseto the system.The alternativeexploredheredestabilizes

The stabilizingcontrolofadeterministicchaoticsystemis limit-cycles,therebycreatingachaoticmod,.i_,.t,or.Theeffectiveness
investigated.Thesystemunderstudyisathermalconvection ofthetechniquewillbeillustratedwithanauu_odemonstration.
IoopwithasetofLorenz-likesystemequations.The control
law,whichemploysso-calledwashoutfilters,doesnotrequire RichardSchreier
accurateknowledgeof thesystemequilibriumpointsand Oregon StateUniversity

Dept. Electricaland Computer Engineering
preservesalltheequilibriumpointsoftheoriginalsystem.
Boththechaoticmotionandthetransientchaoticmotionare CorvallisOR 97331-3211

successfullysuppressed.The controlisdesignedintwo

stages. In the first stage, the parameter value at which the MS 11
primary bifurcation (a Hopf bifurcation) occurs is delayed to
an acceptable value. In the second stage, a bifurcation control
law is employed to stabilize the bifurcated periodic solutions Geometry from Saddle Cycles
resulting from the Hopf bifurcation. The key to understanding complicated dynamical behavior lies in uu-

Hua Wang and Eyad H. Abed derstamling the unstabh' periodic orbits embedded in this behavior.

Department of Electrical Engineering we extract, unstable periodic orbits from chaotic signals prodttced hy
and the Systems Research Center dynamical systems of low dimension using the method of eh)wt, r_'t,urtts.

University of Maryland Topological invariants (linking mmfl_ers, relative rot,atitm rates) of pairs

College Park, MD 20742 USA of orbits and of individual orbits are computed in order to idclatify a
telnplate, or knot-hohter, which SUpl_orts the invariant sel. The It.l|l-
plate provicles a geometric model for the underlyi.ig dynatuics. (!o..-

Analysis and Control of Nonlinear Systems with Complic;tted parison of topological ilwariants colul_uted for a i_ropt,sed t,_Jtll_l;tl¢'
Behavior with those determined from the tmstal_le peric, dir t,rbit,s alh_ws us tr=

In this paper we study the control of a family of piecewisc conlirmc_r reject, the proposed t,eml_late. 'l'ot_ological analyses of this
linear syslems which can be approximated using a relaxation type havebeen carried out oli a Immborof t,Xl_t,ri.,mtal tl;ttast'l.s.
technique by a two dimensional system with a hysteresis I_obert Gilmore
nonlinearity. We prove that the relaxed system exhibits I)ept of I'hysics and At,n_ospheric Scie,ce
complicated behavior (chaos) and a probabilistic model for Drexeltlniversity
the evolution of this system on the attractor is obtained. The i'hiladelldfia, PA 19104
problem of controlling the original piecewise linear system is
then examined. The objective of the control problem is to
determine a feedback control strategy which eliminates the Structure of Attractors fi,r Continu,us Maplfings

complicated motion of the relaxed system on the attractor. We show that there ar_, iuterestlllg thet,rems ah_,ut attracts,rsf,,r c,,.-
t.inu_ms nmlq)ings, .nd..r ii.' _s,.ll,ti*m lit;ii, tit,. I.asil_ ,,f al tr;wli_m

A12



FRIDAY AM

is open. (For exanq)le, if such ali attractor contains a fixed point, used for nonlinear phenomenea. Their weakness lies in the discretiza-
then tile attractor is connected.) Such results rely' on a single topo- rien of state space. I have extended IIMMs to use mixed states ¢(t)
logical lemma. On specialization to one-dimensional mappings, this instead of discrete states s(t), where q,(t) consists of a discrete part

h'lmna call be used to prove density of periodic orbits and sensitive st/) 6 {sl,s2 ..... s .... } and a continuous part x(t)6 R".

dependence under very general hypotheses. When there is symmetry Andrew M. Fraser
present, our methods giw; restrictions on the possible symmetries of at- Porthmd State University

tractors and of their connected components. (Joint work with Michael Systems Science PhD Program
l)ellnitz and Marty Golubitsky) PO Box 751

Ian Melbourne Portland, OR 97207-0751

Dept. of Malhel|tatics

University of Houston Bleaching and Noise Amplification in Time Series Analysis
ttouston, TX 77204

1 will address the problem of characterizing dynamics from a tirne se-
ries of data. Linear pre-processing (bleaching) a data set to produce

Composite Knots in the Figure-8 Knot Complement can haw_
a residual time series which is spectrally white does not formally alter

any Number of Prime Factors the characteristics of the time series (e.g., dimension and Lyapunov

The p,"riodic orbits of a ttow on a 3-manifold may be knotted. Birman exponent), but it can make thei estimation more difficult. Further,
and Williams initiated the study of the knots in a flow iii the figure-8 residual-based tests for nonlinearity are not gs powerful as direct tests

knol complement. (To get a rough picture imagine the magnetic tield when applied to chaotic data. This phenomenon is investigated by
induced by a current in a knotted wire.) They cortjeetured that the interpreting the linear filtering as another embedding of the time se-
knots iri this tlow could have at. most two prime factors and that in ally ries. and then measuring the noise amplification associated with that

such th:,w the number of prirne factors would be bounded. (Knots can embedding [Casdagli, et al. Physica D 51 (1991) 52-98].
be factored into pmmc knots.) tlowever, we can now show that this is J ames Theiler

not true. Center for Nonlinear Studies and

Mike Sullivan Complex Systems Group, Theoretical Division
l)rpt. (_fMalllt-lnat;cs Los Alamos National Laboratory

University of "I'exa.. Los Alamos, NM 87545
Austin. TX 78712

Analyzing Chaotic Time Series

The Measure of Nonhyperbolicity in Chaotic Dynamical using Empirical Global Equations of Motion
Systems We present several new tecb,,iques for the
• analysis of chaotic time series usl,,g empirical

_,Ve numerically investigate the measure of nonhyperbol- global equations of motion (EGEOM). EGEOMs have

icity of chaotic dynamical systems in the parameter range previously been shown to have excellent noise

where there is no attractor. For dynamical processes averaging characteristics, good predictive

giver,bv x,+_ = T(xn,lt), wherez is in the plane and ability, and provide a compact description of the
" modelled dynamics. We show results of new noise

/,isthe parameter to be varied,Newhouse and Robinson reduction algorithms utilizing EGEOMs, as well as
proved that if at # = Po there exist tangencies between techniques for estimating dynamical invariants

stable and unstable manifolds for T, then there exists such as dimension and Lyapunov spectra from time

an interval (Newhouse interval)of nearby p values for series. Results are shown for known chaotic

which there are tangencies. Hence the tangency param- dynamical systems as well as time series from
real-world systems.

eter values have positive measure. We numerically com-

I)ute the measure of the set of nonhyperbolic parameter Jeffrey S. Brush

values for the Henon map. Similar two-dimensional dif- RTA CorporationP.O. Box 5267

feomorphisms may arise in the study of Poincare return Springfield, VA 22150-5267
map for physical systems. Our results suggest that the

James B. Kadtke

Newhousc interval can be quite large in the parameter Institute for Physics and Applied Physical
si)ace. Science

Ying-Cheng 1'2 Celso Grebogi 2'3'4 and James A. Yorke 3'4 univ. California' San Diego, CA
University of Maryland

College Park, MD 20742 (,orlll)uting lhc lnf(.rable N.ITIl,,'v

1. Det)artment of Physics and Astronomy ,,f l)vm.mlical Variabl,,s

2. Laboratory for Plasma Research \,Ve ha,(' develo!w(I a te('hlliqu(' for (',mll)uting the in-

3. Department of Mathematics f(.raMe dinwnsi,:,n of a t ilJ_(' series, d,, using a _lynamical

4. Institute for Physical Science and Technology al)l)roa(rh t,, (listi_lgttish dvnatni('al variabh's f,',,l_ ra,,l(,I,l
variables. This i,dical t,s l lw lniniiimtn nllHd_(.r _f _ls'|mtn-

d"_ _ i,'al ,'arial,l,.s ,,(.('(.ssary i,, I1,(' original syst,,,n 1(, l),',)(I,,(', '
%BII lhc (,I)served _lala. This is dil[erelll fr(ml ca l('ulations

of II.' _'_llt)('_l_lilkg. ,li11,_'llsi,,n wl,i,'ll ,IS*' ,.lly l_qH,Iogi('al
Mixed State Markov Models for Nonlinear Time Series

¢o.si,leralit,lls aw.l thlts c_*tlq,ule hiI:;ll,'r _lill_('ltsi_,_,s I',w

A new method (,fm<Meling time series is applied to chaotic data. Mod- high<'r |_oise lev<,ls.
,.Is are al tile: heart of applications such as filtering, compression, de-
tection, and estimation. Linear ARMA models are often used for time

series but they are inadequate for chaotic autoregressive processes (a

getwrlc class of time series). Ilidden Markov models (ltMMs) are often
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..losel_hI,.Hr('ed(_narld Norman I-[,Packard Invariantsfrom Lengths of Caustics

(' _' _ ] _I e [" for ('omplex S)'_tems Re._,arch Every time reversible llamiltonian system with two degre,s of freedom

}]ecklvlan [Ilstit ute aI|d [)hvsirs Del)artmen! can be reduced to a planar billiard table. Caustics are invariant curw_s

l'niversity of Illinois for the resulting motion, and their lengths define invariants which con-
tain information about the shape of the billiard table.

41115N. Mathews Ave.

I'rbana, IL 6IS01 Edoh Y. Amiran
Mathematics

Western Washington University

Recursive Analysis of Chaotic Time Series Bellingham, WA 98225-9063

Considerable progress has been made in recent years in the analysis of

time series arising from chaotic systems. Applications include predic- Collective Behavior in Limit-Cycle Oscillator Arrays

tion, noise reduction and diagnostic monitoring in a variety of systems, Mutual entrainment and synchronization in ensembles of non-linear
such a.s vibrating machinery. However, hitherto ali algorithms in this oscillators are relevant to many biological systems ranging from rh,

area have used batch processing. This severely limits their usefulness heartbeat to flashing fireflies, in most studies the natural frequencies of
in real time signal processing applications. In this talk we present a the oscillators are randomly chosen from some distribution. Depending
continuous update prediction scheme for chaotic time series which over-

on coupling strength and frequency spread, different types of behavior

comes this difficult)', lt is based on radial basis function interpolation ranging over modeiocking, amplitude death, periodicity, and chaos are
combined with recursive least squares estimation, possible. This paper analyzes the response in a one-dimensional system

Dr. Jaroslav Stark with nearest-neighbor coupling in which ali oscillators except one have
Long Range Research Laboratory identical frequencies. Analytical and numerical results are presented
(;E(' Hirst Research Centre and the resulting phase diagram is discussed.

East Lane. Wemb/ey, Middlesex, flA9 7PP, UK Jeffr..ey L. Ro.gers
Luc T. Wille

Dynamical Nonlinear Equations Obtained from Time Series Department of Physics
Florida Atlantic University

We present a method to extract a set of dynamical equations from ob-
Boca Raton, Florida 33431-0992

, served time series. The reconstruction procedure is based on an ansatz
of variable generality. Using simulated time series, it is shown that the

resulting system in the embedding space is correct in the sense of pre- Lyapunov-Schmidt Reduction for Bifurcation of Periodic

serving metric properties. In particular, for the generalized, driven Van Solutions in Coupled Oscillators
der Pol oscillator we reconstruct the full Lyapunov spectrum (without

spurious exponents). Moreover, we investigate the use of time series We consider a system of ordinary differential equations depending
with more than one component and examine the influence of superim- on a small parameter where the unperturbed system has an
r,os(.d noise, invariant manifold of periodic solutions. The problem addressed

ltans Ruedi Mosey is the determination of sufficient geometric conditions for some of

Peter F. Meier the periodic solutions on this invariant manifold to survive after

University of Zurich perturbation. The main idea is to use a Lyapunov-Schmidt
CH--8057 Zurich. Switzerland reduction for a displacement function in order to obtain the

bifurcation function as a generalization of the subharmonic

Melnikov function. An important application is made when the

l[_ 'l _ unperturbed system is a system of coupled oscillators in
r_onance.

Numerical and Experimental Studies of Serf-Synchronization Carmen Chicone

and Synchronized Chaos Department of Mathematics

We study numerically and experimentally self-synchronization of dig- University of Missouri

ital phase-locked loops (DPLL's) and the chaotic synchronization of Columbia, MO 65211
DPLL's in a communication system which consists of three or more
coupled DPLL's. The transmitter in the communication system con-

sists of two or more solf-synchronized DPLL's, where one of the loops Chaotic Behavior in a Two-Frequency Perturbation of
is st._ble and the other is unstable. The receiver consists of a stable Duffing's Equation

loop. We verified that the receiver synchronizes with the transmitter We consider a two-frequency perturbation of Duffing's
if the stable loop in the transmitter and receiver are nearly identical.
Numerical and experimental results are in good agreement. Modula- equation in which the frequencies depend on the state

tion techniques for the transmission of informations are currently under variaMes. When the perturbation is sm'all, this system

investigation, has a nolmally hyperbolic invariant torus which may be

M. de Sousa Vieira P. Khoury, A. J. Lichtenberg, M. A. Lieberrnan, subjected to phase locking. Using Melnikov's method,

w. Wonchoba we predict the regions in parameter space where chaotic

Department of Electrical Engineering and Computer Sciences dynamics may occur. We also show that phase lock-

and the Electronics Research Laboratory ing of the invariant torus can interrupt the occurrence

University of California of chaos resulting from transverse intersection between
Berk,-loy CA 94720 the stable and unstable manifolds of the invariant torus.

J. Gullicksen, J. Y Huang, R. Sherman, M. Steinberg Our method can be extended to a wide class of multi-
Lorat Aerospace
Western Development Laboratories frequency systems.

Zank_:r Road. Bldg. 280. X21
San .lose. CA 95161-9041 Kazuyuki Yagasaki

Department of Mechanical Engineering, Tamagawa I; ni-

versity, Machida, Tokyo 19,t, Japan
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Attractors of a Driven Oscillator with a Limit Cycle Mary Silber
Department of Applied Mechanics

Numerical studies were performed to characterize attractors of a one- California Institute of Technology
dimensional circle mapping representing, in the fast relaxation limit, Pa.sadena, CA 91125
the dynamics of a driven uonlinear oscillator with a stable limit cycle.
Dynamic regimes in the parameter space, bifltrcation diagrams and
routes to chaos were numerically determined. Mechanism of Symlnetry Creation in a Plane

l b_'re L. ('aldas, Kai trlhuann For two dimensional maps with symmetry, there are separate conjugate

Institute of Physics attractors in the plane for some parameter ranges. As the parameter
I'aiw_rsity of S_o Paulo varies, the conjugate attractors merge to form one large attractor. For

('.P. 20516, 01,t98 S_(:, Paulo, S.P., Brazil different types of symmetric attractors, we investigate the different
routes by which merging occurs. In particular, for a large class of

maps with Dn symmetry (where n is an integer greater than 2), weCP 10 prove that tlm conjugate attractors merge on the lines of symmetry,
and not through the origin.

Bifurcations with Local Gauge Symmetries: Patterns in Wai Chin

Superconductors Celso G rebogi

An interesting class of physical systems are those that exhibit local Laboratory for Plasma Research
University of Maryland

gauge symmetries. Systems in which these symmetries are College Park, MD 20742
spontaneously broken exhibit remarkable properties such as

superconductivity, and if such systems also possess spatial lttai Kan

symmetry, pattern formation can accompany the gauge symmetry- Mathematics Department
" George Mason University

breaking. We conduct a careful analysis of a well-known example Fairfax, VA 22030
of this phenomenon: the formation of the Abrikosov vortex lattice

in Type-II superconductors. The study of this system has a long

history and our principal contribution is to put the analysis G-mode Solutions of Classical Dynamical Systems

rigorously into the context of steady-state equivariant bifurcation
We discuss properties of trajectories of dynamical systems that

theory by the proper implementation of a gauge..fixing procedure, lays on the orbits of an action of a Lie Group G on the phase

Ernest Barany and Martin Golubitsky space of the system. Such solutions (G-modes) are natural

Department of Mathematics generalizations of "relative equilibriums" of the system (in the

University of Houston case where G is a symmetry group of dynamical system).
Houston, TX 77204-3476 Examples from hydrodynamics and elasticity theory are given.

Jacek Turski Serge Prishepionok

Department of Applied Mathematics Department of Mathematical Sciences

University of Houston, Downtown Portland State University
Houston, TX 77002 P.O. Box 751

Portland, OR 97207-0751

Hidden Symmetries in Bifurcations of Surface Waves:

Occurrence and Detection Dynamical Systems with Cosymmetry and Bifurcation Theory

I discuss a synunetric bifurcation problem arising in parametrically There exist different reasons for degenerating of fixed points of
forced surface waves. Experiments in square containers reveal the ac-
tual symruetry is larger than the geometric symmetry. Physically the operators or equilibriums and stationary solutions of differential

: extra "hidden" symmetries arise from the translational and rotational equations. The most usual one is symmetry but the other reasons
symmetry of an infinite fluid layer. For a finite layer, these symmetries are possible and cosymmetry is one of them. Cosymmetry pair is
are broken by the contailler sidewalls, but their effects may persist. In orthogonal pair of vector fields in Riemann or Hilbert space.

square containers, one expects square symmetry, but. additional rota- Every member of this pair is called the cosymmetry of the other
_ tional aad translational symmetries also influence the waves as a conse- one. Some hydrodynamical systems (Euler equations, Darcy

quence of weak viscous and capillary effects. Deforming the sidewalls equations fbr convection irt porous media) have nontrivial and

to a m:,n-square cross-section that retains square symmetry removes nonholonomic cosymmetries.

the hi(lden symmetry. Experiments by Lane and Gollub study such The bifurcations in presence of cosymmetry represent some

det_,rmations, specific features, particularly the branching of continuum families

John l)avid ('rawford of equilibriums through Euler bifurcation.

Del,artment of Physics

University of Pittsburgh Victor I. Yudovich
Pittsburgl_, I'A 152(;0 Ph.D., Professor

Rostov State University

Synchrony and Symmetry Breaking in Laser Arrays Department of Mechanics and Mathematics
105, Engelsa Street

A model for the dynamics of N linearly coupled solid state lasers is Rostov-on-Don 344006
examined, Both global and nearest-neighbor coupling are considered. Russian Federation

- In both cases two distinct types of solutions exist for ali values of N;
these solutions are characterized by the phase relation, Ag, between
lasers. Their stabilities are determined in the coupling strength-puml_

current paranieter space. The in-phase solutions (A_2 = 0) can be
siabio for both types of coupling. The splay-phase solutions (A# =

27r/,\') are unstalde in the nearest neighbor case and rieutrally stable
in the giohally coupled case. The source of th_, neutral stability is
disc'uss_'d.

A15



FRIDAY PM

t ion and understanding (,f patterns in tlwir _d_ser,,'cdquantun, _l,,'ctra
are hampered ILv the ract that the classi('al dynalldcsq,ftln,s_, systeatzs

Hierarchical Analysis of Molecular Spectra. is highly nonlin,:.ar. Al>l>roach,'s using m,nlhu,ar ('lassical Iiannll_,niall
dynamics are us,,rulfor classifying ftu, (lu;mtmll Sl),,Ctl-,l il_ t_,rllis _,1"

A method to characterize and understand spectra of the structtlre of the classi('al phase SlmCe. Bifurcati,m an,dy.,is /Zlv,':
highly excited molecules is presented. The method relies a clm_sifi('ation of spectra of m_h,cuh's of inter(,st in atlm)_l_ht.rh' I,r_,on the construction of an ultrametric tree from a
spectrum. The tree is generated by monitoring how the ces.,,es: water, OZOlie, ('arboll di(]xi,.ie, alltl ._l}lll,' s|lilslittlt,'(l lilt'lit;til,'
spectrum changes as the resolution is increased. As moh,¢uh,s.
resolution is increased peaks tend to split off other Midmel E. Kellman
peaks, defining a parent/child relationship between any I'lel)artment of ('henlistry and Ins! it ute of 'l'he,,ret h'al .'-;,'i,.nc,.
two peaks, yielding a tree to describe the whole University of Oregon
spectrum. The tree can be analyzed using various Fugen< Oregon, 9740:_
measures and information concerning energy transfer can
also be extracted from it.

Work supported by the U. S. Department of Energy, MS 13
Office of Basic Energy Sciences, Division of Chemical
Sciences, under Contract W-31-109-Eng-38.

Michael. J. Davis The Theory of Stochastic Resonance
Chemistry Division Stochastic resonance is a cooperative effect obsmwed
Argonne National Laboratory in noise induced switching in bi- or multistable
Argonne, IL 60439. systems modulated by a weak periodic perturbation.

The result is an amplification of small noisy signals by

pumping the necessary power from the noise to the
Cont rol Over blolecular Mot ion: signal. In contrast to a dynamical resonance, which
Issues and Parad i gins Occurs when two dynamical time scales m'e

A long sought-after goal in chemical dynamics has comparable, stochastic resonance can occur when a
been cont rot over mo lecular motion by means of dynamical time scale agrees with a statistical time

externally imposed laser fields. Recently, there scale. We report on numerical and analytical studies
iuls been recognition that this objective falls of stochastic resonance, based on an idealized bistable

iLto the category of optimal control of quantum model with white (and weakly colored) noise and
dynamical events. OptimaI control theory within periodic modulations.

quantum mechanics imposes a nonlinear problem. Lt PeterJung
may be shown that the ensuing inverse problem Institute of Physics

leads to ;_ type of nonlinear Schroedinger equ;]tlon. University ofAugsberg
The existence of multiple solutions, and the D-8900 Augsberg, Germany
n_ture c_f the solutions, to classes of control

quantum dvnamtcs objectives will be discussed.
11 lustrations will be drawn from the control of StOchastic Resonance in Optical Systems

ro t ,:Jt i.ona 1, v i brat i ona 1, and e lec t ron i c degrees o f The operation of bistable optical systems thal display
freedom. The prospect of dr,awing together the stochastic resonancewillbedescribed. Experimental
theoretical tools with current laser pulse shaping results as well as theoretical models for these devices

tc.chn iques wi 11 also be discussed° will be reviewed. Possible future developments and

}lt, rsctle l A. Rab i t z applications will be explored.

Professor of Chemistry RajarshiRoy

l)e p n r t mc n t o f Cilem i s t rv School of Physics
F r i c k l,a bor a t o r y Georgia Institute of Technology
t' r in,. e t on th_ tve rs i t v Atlanta, Georgia 30332
PV J!l_'¢[,,n, .NIl (18 % L'_/_

Stochastic Resonance:

Local Random Matrix Models of Quantum Chaos in Many- A Potential Application in Neuroscience
Dimensional Systems

Sensory neurons demonstrate two striking similarities
Energy flow in molecules is one important realization oi" to known Stochastic Resonance(SR) systems: first,
"'quantum chaos." 1 argue that the quantum mechanics of they behave like bistable systems (firing or not firing)

energy flow in many-dimensional Fermi resonance systems exhibiting the characteristic noise induced switching:
can be mapped on to local matrix models. These models can and second, a historgram of the time intervals between
be analyzed using ideas for the theory, of Anderson localiza- firings is virtually identical with the probablility density
lion. A simple mean field theory shows that these rnodels of residence times of physical bistable SR systems.
exhibit a sharp but continuous transition from local to global Moreover, some processes familiar to

energy flow characterized by critical exponents. I will also neurophysiologists such as nonrenewal effects are also
discuss the use of scaling theories to take into accotmI the reproducible by physical SR systems. Several

finite size of the phase space of molecules, problems which might be challenging to applied
i't. t(er (;. Wol ynes mathematicians and/or mathematical biologists
5chot,l t, f Chemical Sciences associated withstatistical escapes in nonstationarv

l)epa r t,,en t o f (:hemis try potentials, nonrenewal effects, and the connecti(m of
t!n i vers i t v o f 111 ino i s the residence time probability density to information

t'rbana, 111 irtois 61801 USA transmission processes will be outlined.

Frank Moss

Bif, n'eati,,n Analysis (_f Highly Excited Molecular Sl)_,etra Department of Physics
University of Missouri at St. Ixmis

Iltg.hl._ ,.xctl,.(i vil,rati_mal stat,,s _,f mol,,cuh.s are IZ_ll),,rtant in clwmi- Saint Louis, MO 63121
,';tj r,';tct I(HIS ;li|li ill_,lecllJar P_|l'rK%r tr;u_st'_.r I)r<,(','sse.',."l'Jlesv Males are
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Functional Differential Equations Arising from Structured Doul)h. Eigmr,..lm,s and the F't,rnmtiou uf Flow Pattern,;

Population Models Nuntt.rically (,t l;tine(I ._(,)utiuu alia;rains f,)r stati_mary tl,,w.., l)etv.'(,t.n
We show that structured population models which model inlilfitelv lung rotating conc,'llt ric cylinders lo_)kqt, itv as3 mlu,.tric whe.n
populations with several life stages can sometimes be reduced th(.v show ali bifurcating I,ranchvs. In this re_ivw ii is e,tq,hasizHl thal

to functional differential equations. This reduction allows these as v,tnlet ries are du,, to the broken sylttttiet ry of the Taylor appa-

the application of the extensive theory which has been ratus itself. lt, gel global results on til(' math(.Ina'ical structure of the

developed for these equations to be applied to the study of solt,t ion s+.l. ii se_mls advantag,'ous t(:,c,,nsi,tt.r utc,r,. SVl.m,.t ric tuodd

the asymptotic behavior of the original model equations, proi)lenls firsl.

Questions of the existence of global attractors and I_it;t +Mt'y,.r-Si)as('he

persistence can be answered, xl I'1 fiir I'l;tsmal,hysik
l)-XA'_()-l(_<.;:u'chinK. ]"R (;,'rlllalt+V

Hal L. Smith

Department of Mathematics Connecting D(mlde Points in Tayh)r Vm'tt.x Fh)ws

Arizona State University W(> ,. ,llsi,I .r si,.:i,l.v, ;l×i.-.ylluti,,Iric. iliC,,llil)r,,s_.ild,., vb.c,,its lh,w I)(.-

Tempe. AZ 85287 tw+.,,n inli,i)(., r,,t;itiilg. ,'_,:txial <'vlili,l('rs {T:lyb,r-( '(,u,.l),' lh,wt I'siltg
a twt,--Imratlt,.tcr c,,nlittuati, m alK<,rithtli, w,. Imtn,'ric;dly t'Xallliilt' 1l:('

C_tmxl>h'tt.tmss of the System of Floquet Solutions s) ruct ur,' ,,f Ih. bifu tca)i,)l) diagr;m) in tit,' n,.i+u,hl,(,rh(,,,d ,,1"t h,, cr,,ss

ink ¢,f the twt,-c_.ll and f,,itr-c+ql It,.utral cur_+.s _ll the (;tspect rati,,,
l"ur a class of colttpact operators we state necessary and sufficient con-

R(,ynolds nund,,'rl l,lan,'
diti(ms il, order to have a contplete system of eigenfunctions and gen-
(,rallzed vigenfunctiuns .+ksan illustration, we study the period nmp Th(. iltt(.rs(.(-ti,,lt ,)f lh+.s_(,ctlrvt+s (:t "'d()ul)l,, I)()illl") ,'_,rr,'sI) sds ),) a

,,f a syst,.nl of perit_dic retarded equations. In particular, if the delays ,l,)ul)l,' z+,,r,),'ig,'))valu(. (,,f th,, I+'r<.dml(I,rivativ,. t,t' tit,' inc,,t,q,r(.ssil)b,
arv integer tlxtxltil)l('s of the period, we present necessary and sufficient Navi,.r-Stc, k,.s ,'quati(ms) x,Vv >h,)w thai this tl()ul)h, tit)inr is (',,luwcl,.d
cc,nditions for cottH+)h't(,lJes of the systetn of Floquet solutions, l() am)t her such ,h)ul)l,. l,()it)! {tit(, cr<)ssillj4,_f thr f()ur-c,.ll n(.ulr:d curw.

with lh(, tw,,-axial-(-,.ll tw,)--radial-t',.ll lu(),l+.)by a path ,,f subharilu)nic
?';y,,,rd \,.rduvu l.un,.l s,.(',)itdar.v sylttm,.try-i)r,._,,rving I,ifureati,,ns. "l'hi.-t)Ullt,,ricall', v,.rili,'s

\til,' Iniv,,rsit(.it Amst(:rdatn _l r,.c,.nl ,',,ni+'<'tt,r,. ,,f .\l,.5,.r-.ql)as(h(. an,I \\'aKn,'r.
Fa('uh(-it \\'isklind(, _'n Inf_)rluati,:a
I<)_,III V +.\in..t,,rdan). N,,th(+r[and_ .l,)hn II. B,,I+.i;irl

(;(',:>rg,ta ht.t it utc ++fTech m,logy l+awr,'n<+' l,i +('rtu,)r,. N at i,,nal [.ai), tr:if( )ry
.q('h,,,,] (,f .\lat}t('t_latic+ I'h,x s()S I.-1(;
.-\I[;utt ii. ( ;A 3033:d l.iv(,rt_, )r,.. ( ';t !1-1_),')1)

Discrett, Wav(.s in Systoms of Delay Differential Equations Nuntt,ri,'al LYal)Um)v-Sl:hmi(it De('t),nl)()siti_)n n(,ar M_)dt.
lnt_.ra('ti()ns in th(, Tayh)r-(.'._)ut.ttt. Flow

In thtr. talk. w(. illustratt, h.w Ii)al)ply an V(lu_variant topological tl+.-
_r.(. t .... _+tats l+ifur"at i,,ns ,,f l>,.rlt,dic solutit,ns t,f synmletric or tim(,+ 'lh,'r,' ;tr,. _.,".,'r;d ,lill',.r,.ttl lyl)+.s ii!+>ill_tl:+tr ll,,ws in )h,' "la.xI,,r-( ', ,tt(,l I(.

r,.v,.rslt)l,. ,l,.lay ,liff,'r+.utial (.quati<)ns. Th,' ex,stene(, uf discrete wav(.s fl,,_v lh,. >i).l,[,._.l ,. ' ++,},+f<ir+':tti,,it ,,_ ax).-.3 )+)+)),+lPI, I:lX],,r ,',.11..fr,,)))
w_ll t,,' discussed ,+,fsyst('ms ,,f d('lay dlffer,+,ttial +.quatitms arising fr(mt (',,u,.lt,. ll,,+s, wh+, ,,)) ,'ur_,'- ii_ lh(' I,l:m,' ,,f a:t),',t r;it)t, aral
'lttrit_Ja rtr)g.., with ,+lt.l:t},.{.t+'_,t+l,li))gan(I from the growth of sin;l,'- H,._)),,I,I>. Ii,tt_d),.r . +iv,, ,,f _h,.>.,' ,'urr,.. ,.r,,>.s ;t tt),.I,, lut,.rat,'ti,,n
Sl)('ci+'r, l),)l)ul;di,)n (,v,.r lt i)att.h} .nvir_,nm,'llt ,,,,'ur..

.]igtlth,,tt K \_,'It _\', +_tll ,l,'-,rtl,,. [i,,w t,, ,'t)tlil)itl). ,itil2,11[al I'XIIgIIIStI,IIS ;+tl)()ttl t hl.s,, flit,if+.

l),.l,artln,+nt (sf M;tth,.ltlatlcs itlt,.r;t,'ll,,ll-, c,)Itil);tr,. IIi,. C,,l,il,,l+,.<[ ,.xl)altSi,)li |+, IIi,. ],r(.+lit'li,,It:- t,t':ttl
anal+ ..i>., ,f )h,' _.',Iittli++lr', , )f t II<+ l,ifurc:tt i, ,t+s. ;m,i ,, ii[tit;tr, l]_,XV:+-Ki".('II

"t',,rk Inlv,.r.,tt,,
N,,rth Y,,rk ()lit;tri(, M3.1 II'?, I,_ Ii),. ,,,:,)l)Ut,.,I ,.Xl,;in,.i,,tl t,, tl,,w- ,,,))ll,Ut,.,I m-)r)_,tw,, ,ltt),,n>g,)n:d.
( '.:lll;tt];l ;LXI:',_, tlttll_'l rlc +_),lp:-

.I, ,ill: I{, ,[>.t :t,t

l.;twr, t>,. l.i+.,'r,tt,,r, N;tlt_)llal l+;d,,)ral,,r_,

+qtrll<'tllrt, t,f the Attractor for D(duy-Difl'erential EllllatiotlS l.t_,-r.t,,r,. ('A
with Nvgativ(, Ft+(.tll)a('k

NI!:'j35_t+':!+17_.._!1%tt+'l_zr_,_,,_!
Nul_t,'rlc;tl ,'Xl.'r)l_),'ltts mtlicate that l_C,n-Iin+._trscalar delay di|t'+.renllal II_M '1 h,,tlt:ts .I kk+;tl._,)llI'_,':.,'ar,'l,(','ul,.r
",lll:tti,,lls ,'.:til ,+Xhlht silltple, (t:,lxlpheat(+d, and (+v,,n I,ossibly chaotic _,,rk1,,_,_n II,uaht>. NY
,l)It;tllIl_r', In,I,-r lh,. a......uuq,t_,,n r)f rl,.gatiw + feedback J Mallet-l'aret
h;ts r-,['l,,+t,h IIi,. ,'XISI,'ID_' (,f a dls,'rete Lya.|)Utl++)v fullctiotl and hen<',, :t

\l,,r-,.-,b'c,,tnl,(,.-+lti,,n ,,f lh,. !.(,I,)bal attract,tr |'la..+,'d on this r,-sult t' l.a,w Dim,.nsi,mal Mod(.ls <d"I'ayh)r Com,lt(. Ph)w

NI,( ',,r_l and I >,h,)w that the dyllalnics ,,n the attract_r can t.. It:apt..d II i. w,.ll kl_,,wn t}l;ll lh,' ll)tt_ ,10'l-'tl,l_'n,',' ,If lit;til'. , ,itlllll,riult_ >.lat,,s
_.1;+.;l _,'llti-:',;ll.]llt!,acy +,lll,_ .:ill +'X[.,]lCll M,)rs,.-Smah' tl,+)wwith t.h,+san,.

in _h,' l;t.x[,,r <',,us,tr,, _.._,t,._ i, ;tll:tl,,J_,,tlS r., ' ¢,,l+)i/r ,,I ",/I):11}
tllIltI+,"r ' +f NI( ,rs+. >(.ty. ()ill. Call illl,+rl)rel thls resull a._pr(__vlding a l,,w(.r
l,,,un,l ,,tr th, + ,,,,tt),l,.xil v ,.,f th,' tlVltallllC.., ,'if sucJl delay +.quati,)ns. >vst,.N)> ,,I, ,r(lllt;tr+,, ,lil(+.r,qtt i;t[ ,.qtl+tl l,,ti.... Ii, ,x_ ,- Ii,,I v,.t kit, )'+_,lt

+ " + ++h,.thvr +)tl++ ++'.:Ill acct)r;+ll+.+x r+.l)r,.,.,.lll lh,+ full "+' +ti:tl ,l,.v+.l,,l,,,,.,t ,,f

l_,)ii'-.t.;tltll+l Mlschaik()w Stl,h ll,,w.- with al+_ l,)w +lilllpIi>h,ltal l),+),l(q Ill Ibis- l,;tl,,'r w,. di+.,u.,,_,a

l),.l,:trtltt,.t_t +,f M.:tth+.tttatic._ i)t,.t l,, ,,l f,,r ,l,",,'[(q_it+K >,,+Ii )tt,,<l,'is I,;,.:,,.,I ,,,_ lllf()rl+l;tll,dl +t[,,,tlt hi,vi
{;(-,)rKla lnstltUl+. ,)f'l+.chn+,l+,_;y ,,,Ip,r,'n) .Irtt('lur,..., iii lh, li,tw :lr,+:t.+s<,,'iat,.tl wilh (l_,lt;t)l+ic:tld,._r,.,..-
.._)];_tlta (;A 3(}_C_2 ,.f t'r,.,.,t,,),_ D,,J i,r,._.,m ,(ll;tlllll;lll'_,. ,._.li,,i;tt,,.- ,,f lh, ,.rr, tr in('t,rr,.,I m

i,r,)l,+,l_nZ, lh)Lf,,[I II,,_ ,,hl,);t _.llmll >.,.I,,t' I,:l..i>-I'ulwl I,)n_.. whi,h ,'lw,,(Iv
lh, ,,,h,.r,.n) -.Iru,-tur,- t,,r :t nu)t)t,+.r ,,f ,.X;tlltl)l,' [],,,.vs lh,. ,.X;tl:ll.l,'>
;tr, l,tk,.l_ !'r,,llt full IllllII,'rl, ;li +.llIlll[;tli,)ll ,,lth, N:t_l,'r t41,)k,'. (',llt;tli()lt",

f,,r l;t_l,,r (' .l,.It, tl,,w :t_),l _,t, lu,I, i,,.ri,.I ,l,,ul,lttt_ _.t,'ru_iI_,+u,_
,tl_,l I:1+)(], (,,lllt)+lllIt,Ii
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Katie Cou&hlin Wavelet Reconstruction of Spatio-Temporal Chaos

I'mversity of California, Berkeley. ('A We present the numerical analysis of several examples of spatio t.emporal,
Philip S. Marcus chaotic data from simulations and experiment. We compare different
t'niversgy of ('aliforma. Berkeley, ("A algorithmz of discrete and continuous wavelet decompositions with re-

spect t.o their performance in reconstructing essential coherent strut-

Confinement Effects in Flow Between Count_,r-rotating t ures of the data. Specifically we present, dynamical reconstructions
with respect to the scales and locations of evolving structures. We

Cylinders can show that these methods do not only accurately reproduce the dy-
Spiral vortex flow be|wean counter-rotating cylinders ha., long held narnics of these structures, but they can also he used for very specific
prcm,i.,__ for connecting Ideas about interaction of a _;mall number ,ff filtering of isotropic and anisotropic structures. The temporal recon-

modes, implications of symmetry, dynamics at muhiple length and struction of dynamical models from tile wavelet decomposed data is
tinle scales, and transition to turbulence We first review some of the compared with those from Karhunen-Loeve decomposition.

unique po_ibillties arising from study of this flow, such as 1 ) "tuning Gottfried Maver-Kress
!n" different types of azimuthal mode interaction problems; 2) ab-

Santa Fe Institute, Santa Fr, NM
solute versus convective instablities; 3.) traveling waves with zero or
even negative group _elocity and 4.) competition between two axial Ulrich Parlitz
wavenumbers. Next we revww some recent idea_ and experiments on Inst. f. Angew. Physik
confinement effects, important even in cylinders of moderately large Un|yarn|t/it Darmstadt
aspect ratit,. "l'he_- include the effect on the wave speed and tbr ev- Germany

ideate for large length-scale dynamics that may be very sensitive to

chang_ in the size of the system. NONLINEAR PREDICTION AS A WAY OF

Randall P. Tagg DISTINGUISHING CHAOS FROM RANDOM
I'niversity of ('olorado FRACTAL SEQUENCES

PhysicsDepartment- Campus Box 172 In two recent papers 1'z it was shown
P.O. Box 173364 that nonlinear forecasting cap be used

Denver. (,O 80217-3364 in order to distinguish deters, ini_tic
chaos from additive noise an& to

Spiral Vortices in Finite Cylinders estimate the largest Lyapunov exponent
which provides a measure of how

in this talk we describe the effects of distant ends on the bifurcalion chaotic the S" _tem is. Here we show

from (k,uette flow t,:,spiral vortices in the Taylor--Couette system with that, in additio_ to the above,
counter rotating cylinders. Existing theory assumes that the cylinders non" inear predlction can be used tc

ar,. tnfinile wilh periodic boundary conditions in the axial direction, distinguish between chaos and
%%lththeends print the primer)instabilityisalwaysto spiralvet- autocorrelated noise. This is

l_ces that travel in opp,__ite directions in the top and bottom halvesof particularly importartt sinc6 random
the cylinder %%'lthincr,,-asing rotation rate the pattern loses _tability fractal sequences_ unlike additive
to either a pattern ufspiral vortices that travel up (or down) the whole noise, have bee'q Known t"o "fool" other

length of the cyhnder, or to a pattern of spiral vortices that period- procedure_.x of ide,_ifying chaos in
|tally reverse lhetr direction of propagation. These alternating spiral time series from the natural world.
vortic_ subsequently disappear in a heteroclinic bifurcation and arc

i. Sugihara, G. and May, R.M.replaced by nonreversing spirals Which secondary bifurcation ,cents
Nature 344, -34-741(1990)

tirst depends on the length of the cylinder rood axial wavelength 2 • Wales, D.J. Nature 350,

E Knobloch 485-488 (1991)

[)apart,neat of Physics A.A. TSqDiS (Department of Geosciences
t'niv,,rsit_ of ('alifornia University of Wisconsin-Milwaukee,

Berk,qey. ('A 947_t) Milwaukee, VI. , USA, 53201)

J.B.Elsner (Department of Meteorology

CP 12 Florida State University, Tallahassaa,
FL., USA, 32306)

Chaotic System Identification Using Linked Periodic Orbits
System Identification with Aperiodic aud Chaotic Driving

lt is quite common to aalalyze the behavior of a chaotic dynamical Forces
system by means of a scalar time _ries. However, traditionaJ tech-

We study the modeling of nonlinear' dynamical systems with spec-niques such as Fourier analysis do not reveal much of the structure
and behavior of the system, thus making classification of the system troscopy methods. We find thai the accuracy of model can be sig-
difficult 'File broadband nature of the signal also makes it h_rd to nificantly increased by using aperiodic and chaotic driving forces. We

present the numerical analysis of several examplesdistinguish dynamics from noise. A phase space for the system carl
b_' r,'c,mstructed in _.veral different ways 1 will discuss a method to Alfred Hubler

extract characteristic d_criptors from a reconstructed system. These C('SR, Department of Physics

d_crq_,tors revolve topological invariants based upon the organization Beckman Institute, University of lllinois at Urbana-(,hampaig,
,>f low-period saddle orbits with the system attractor. A notre reduc- N Mathews Ave
rien technique can be applied to facihtate the claasification scheme. Urbane !! 61801

The goal ts to provide a comparison with an analytical model, when
such a thing ts av_dable: when no model ts available, a change of state
ofthesystem can he recognized Ouanti fication of' Recurrence Plots for

" Analysis of Physiologic Systems
N __kl,_nHammel

Jame_ Heagy Although numerous efforts have been made to
Nave]_urfac_%%'arfare('enter[_-44 characterize various experimental physiologic

Sxlv_,rSpring.MI)20903-5000 _y_tems as chaotic, dad extr'dt.t fr'u,nthe,,
dimensions, entropies, and Liapunov exponents;

often, little attention is paid t_ward the
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requirement of time independence. Furthermore, AlexandPrvon llumbold Fellowship
the question of noise is rarely addressed. Math,=matishes lnstitu; der Universh_it
Eckmann, et al. (Eu___rophysicsLetters, 4:973- Theresienstr.:39.I)-8000.Miinchen
977) have suggested the use of recurrence plots Germany
to diagnose time series for the presence of

necessary assumptions. We have extended their Stabilityilla Delay-DifferentialEquation Modelillga SysteIn
idea by quantifying certain features of such of TwoNegativeFeedbaekLoops
plots io order to be able to test experimental
hypotheses : we have found that percent The stabilityJnasystemoftwo delayednegativefeedbackloopsisanal-

recur rence, percent determi ni sm, and informa ti on ysed The modelingequationisnonlinearanticoIltaiilstwo delays:it

entropy are useful in analyzing time-varying describesninnyphysiologicalregulatorysystemsingeneral,and models
expe _ .mental data. a series of experilnents on a simple motor control syste.n in particular.

The local a.,;ymploti¢ stability of the equilibria is determined ttopf and

Joseph P. Zbi Iut, Dept. of Phys iol ogy, more degenerate(codimensitmtwo) localbifurcationsare c,mq)h,tely
Rush Medical C0llege, 1653 W. Congress, analysed, by a ('emre Manif(,ht construction. These resuhs are con-
Chicago, II. 60612 and Dept. of Cardiology, trasted with systems involving a single fi_edback loop, and/or a single
111G, VA Edward Hines, Jr. Hospital, Hines, !L delay.

Charles L. Webber, Jr., Dept. of Physiology, Jacqut.sBelair
Loyola Uni versi ty Medical Center, 2160 S. First l)epartementde Mathelnatiqueset de Htatistique

Ave., Mayw00d, IL 60153 and ('entre de H.echerches Mathellmtiques
Universite (leMontreal

(',mtre for Nonlinear Dynamics in Physiology and Medicine

On the Transferring of ('biotic, Periodic and Met;iii i_niversity

Erg'adic Propertie:_ from Subsystem to Extended ('.p. f3128-A

I) vnamical System Montreal
" " _ Quehec 1t3(: 3J7 ('anada

We mvestigato how chaotic behavior, ergodicity, and

periodicity cf tbp reflection law x.+l = f(x.) trans- Non-existence of Small Solutions fi)r Scalar Differential Delay

fer tc the dyna,._ical :ystem T : .rn+l = f(Xn), Equations

.II,,+, = 9(:r,,. !; ) ,:_scribing a particle motion inside a Th,. m,,tho,t ,-,fmaj,,ranls is g,,.m.ralized t,J estimate hi_h,'r ,_rd,r total

bounded domain:. Such systems appear in the theory derivatives ,.,f ,_,,luli(,ns ,,f ditF,.renlial delay ,'quali,,ns. In the [iKhl (_f

of 13rowni_m moti.m., turl)ulent flow ([1,2] and references cb,, c(,nw,cti,,t, h(.tw,.,.ti lh,. ,,scilhtti, ms awl ,.×l,,,n,.l_tial ,h,cay ral,'s

there) anu rc:lirol theory. Two models are studied an- ,,f s,,luti,,t,s ,,f .,ralar ditl','r,'nli:d ,h.lay v,tualiun, aral iCl the lighl (,f
" III,' ll_!ti-,'Xist,'ll('_' (_f sn)ali x,,hlti(,n (,f linear alIItHI, HII(_US differ,'lltial

alvtically and n:lrf_orica]t;'. In the first model the prop- ,May ,,qtlatit,lls. lh,, mm-,,xisl,.nc(, _f sot;di s,,luti,,n f,,r analyliv scalar
erlies of f transfer directly to 7" [3!. In the second one: difl',.r,,nlial d,qay ,.quati,,n is pr,,v,' I A.- at, m=lm.dial,, apIdi,'ati(m ,,f

ergodi(:it'_ aIL(t chaotic behavior of f h.ad to asymp_,ot}- rh,. r,,.,ult ;d,(_v,_ any s(_luti,,n which d,.cays l,, a hyl,'rh(_lh' ,_,luilihriut,I

tally stable t>erio(ti( • mo' "on of partich' while periodicity ,,f lh,. ,lift',.rel,tia[ ,I,'lay ,,quati, m cat, have a first ,,rd,.r ,.stil,,ali,,n in

of f transfers int_. er_,.y,dicily oi T The transferring is t,.rt,, ,,frh,. _,,Imi,m ,,frh,, lilwariz,,d eqllaIit,II ;tr,,lllid lh-,quililmu,_

control!cd by '.ht, shape (of _1,,- domain. Y,,lin ('a,,

[I] C. Be(:k. ('ommun. Ma th.l"hys. 13rl,( ),gfi!_} :_;I lh.part ,,,,.ni , ,f Mat h,'n ml its
I'wliv,.r.,.ity,,f ( ;,'(,rgia

[2] T.Sl:imizu.Phvs. Left. 1-10A,(1989) 343 :_,Ih,.,_,. (;,.,,r_ia :¢()_;(12
[3] .I.Sz,:zepatiski. l:;.Wajnryb, Pitys.Rev.A V.,t,I,N.6,

'"'"":'"'" CP 14
.Janusz Szczepafiski and Eligiusz \Vajnryb

Polish Acadernv of Sciences A Fast O(N) and Memory Efficient Algorithm
Inst ilute of Fundamental Technological Research f,r B(_x Cmmting

•d;v,'i,;tokrzyska 21" 00-(149 \Varsaw t'h,x counting is used lt, ,'alrulatt' lh(. capacity dimeusi,m ,_)fa s,_l. usu-

P()ial|(] ally a fractal ,,r an attractor of some chat,tic dynamical system. Tlm
worst oa.s,, time r,,qum.m,.nl f,,r thi.s alg_mthm is ()(N) whet,. N is the

a_l_ 4 a'_ ,,u,,,h,.r ,,f i,,,i,,(s used ,,,alq,r-xi,na,,, the st.,. Th,' ,,,,.i,,ory r,.quire-
t,,,,r- I IIWIII is a C(,llstalll plus the IllPll=,_ry t(, store the N poilds. 1,00t),000

p,,it_ts ,,f rh- ||f'l}t,ll atlrarl_r were pr_c,..,,s,d iii 270 .'.,l'c,_)ll(lS (iii a NUll

P,.ri_,lie S.luti,ms of Differential Delay Systems W,,rkstati,,n l'r,d,ahly lh, m,,st ,qlicient algt_rithn_ l,ri,,r t_) li,is (me
h;t.'_ the sallw lll(.ll|(_ry r_.qllirelllellt. I_tlt ils average tiln,' re,ltlirellwl,t

F;y,t,.H_:, ,f ,_,mliL, ar atllOlltHl|,,US differential delay Pquatiolls art. c,,n- i._ ()( N 1,g N )
-_,l,.r,.,t "ih,'y lind at, t Iicati,ms in I,i,d,,gy, nonlinear optics, i_hysiolc_gy.
,,-,,h,,m_,,. ,I,. (;,raid l{. ('hachere

l)epar! I,|,'nl of Miii }1"111;tl it'S

H,'-,_I_.-*,_ ,-xi-_..n,'- ;,f t,,_r_,,dic ...,dut ions _,f first and high ,,r,ter .,,calar II-ward l'l_iv,.rsit 5
,ti![,-r,-ht_:_l ,i,qa 3 ,,luati,,n.- ar,. kn,_wn. '_%'c,:msid,.r the ras, c_fg,.n,.ral _,%',t;-hing.t,m.1)(' 21)0:',!1
]:_l,.u>t,,h and ;'.h,n .'.y_.t,.ms ar_' hot r,'ducibl0. 1o singh =-quati,)ns

.',,;,I,r,,l,rtat,-n,_ti(m.-,,f a;= ,",'-ritual n,'gativ,> f_+dback and a sit w ,,cii.

i:a),,))) ,_r, lr)lr,,du(-,-,t (',)l_,]iti,)l|.., for tlm ,,xist,'I|(',. ofl)eri,)(tic .,_(,lllti,.,l|_ A Physical Fraclal with a Pedigree

.,l ,l,,_,.ly .... _llatm_. lyl),, ar .... _,lal,llsh,.d. By now, the observation of fractals in physical systems is
A,,,'-t_,.li F,.,|,,r,,vich IVAN()V unsurprising. Howevcr, in most cases the connection
I_,'._ut,. ,,f :da;h,.mat_e-. [kr;tmiat_ between the observed fractal and the underlying physical

.%,;_,],.n,_ 4 _,,.__n-,._ Ki,._. I'krain,. process has been qualitative at ix:.,;., r,c_:,,,"" _ ....' .......... :-, _._11..._v_..1LI}) i i i _..i i t .._ 111

the theory of random maps [L. Yu, E. OIt, and Q. Chen,
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Phys. Rev. Lett. 65 2935, (1991)] and ongoing experiments Oded Gottlieb

make this connection more quantitative in at least one physical Department of Civil Engineering

context: the convection of passive tracers on the surface of a Massachusettes Institute of Technology

chaotically moving fluid. The theory states that the Cambridge, MA 02139
information dimension of the fractal concentration of the

tracers is given by the dynamics of the surface flow. Results Ronald B. Guenther

of the experiments will be presented. Department of Mathematics

John C. Sommerer Oregon State University
M. S. Eisenhower Research Center Corvallis, OR 97331

The Johns Hopkins University Applied Physics Laboratory

Laurel, Maryland 20723-6099, USA A Structurally Stable Double Pulse Heteroelinic Orbit

Edward Ott A double pulse (or period two) heteroclinic orbit is the het_roclinic

Department of Physics orbit analogue of a period two limit cycle. Such solutions cart load to

Universi_ of Maryland complex behaviour due to the twisting and looping of the manifolds as-

College Park, Maryland 20742, USA sociated with the connection. Further, it is possible for thc_e solutions
to undergo "period doubling" bifurcations leading to period four, eight
etc. heteroclinic orbits. Giendinning (P. Glendinning [1988] (;lobal

Approximating the Invariant Measures of Finite Dimensional Bifurcations in Flows London Math. Soc. Lecture Note Ser. 127)
Maps discussed the idea of cascades of homoclinic orbits leading to chaotic

motions. We extend some of this work to the heteroclinic ca._, and,

We will discuss a method for estimating invariant measures arising from as our work involves structurally stable connections, we show nunwri-
the it- eration of one and two dimensional maps. The method is baaed cal evidence of these solutions. To study the sequence of bifur,'ations

on a finite dimen- sional approximation of the Frobenius- Perron ep- leading to a structurally stable double pulse heteroclinic orbit w,: con-
crater. Convergence theorems and convergence rates will be presented sider the heteroclinic analogue of the homoclinic bifurcation involving
and applied to the problem of estimating Lyapunov exponents, a period two limit cycle. We also consider an extension of the work of

Fern Y. ltunt Silnikov (e.g. Guckenheimer J. and Holmes P. [1986] Nonlinear Oscil-

Computing and Applied Mathematics Laboratory lations, Dynamical Systenm and BiflJrcations of Vector Fields, Section
National Institute of Standards and Technology 6.5) to the heteroclinic case. We will also pr_mt numerical simula-
Gaithersburg, MD 20899 tions of this bifurcation sequence illustrating the associated complex

behaviour.

The Singularity Spectrum of Self-Affine Fractals Sue Ann Campbell
with a Bernoulli Measure Universit6 de Montrdal

Montrdal, Canada
Since the eighties an important idea to understand the long-time be-
havior of orbits was that the characteristic invariant sets (for instance

attractor,s) arising in dynamical systems should be regarded as the sup- Mel'nikov analysis of some homoclinic-heteroclinic
ports of _me invariant measures and these, measures should be char- bifurcations of a nonlinear oscillator.

acterized by c_.rtain singularities. Considering a compact set F C R d We modify the global perturbation techniques

,-quipped with a measure p we are int_r,,sted in the Hausdorff dtmen- originally due to Mel'nikov [ 1963] to study the
szon f(_,) of the sub,ts K,, C_F whet,. # has local dtmenswn _. An- bifurcation behaviour exhibited by a family of
other characterization can be given by the Renyt dtmenszon spectrum nonlinear oscillators in which the unperturbed

Dq A heuristic approach suggests that o,, f(a) and q, D_ should be Hamiltonian system simultaneously supports both
related by the Legendre transform. We verify these heuristics in the heteroclinic and homoclinic orbits. In the

cas,o _:ffa_If--affine ('multl'-)fractal. unforced case we concentrate upon finding a

J_rgSchmeling critical parameter relationship which causes the
Rain_rSiegmund Schultze heteroclinic and homoclinlc orbits to unite,

lnstitut_, for Applied Analysis and Stochastics (1AAS) forming two stable separatrices. This is done
Mohr,.n._tr 39. 0-1086 Berlin, Germany both by the modified Mel'nikov analysis and by a

novel perturbation series approach. Consequences

of a possible physical system are then discussed.

CP 15 We then force this critical system and develop
methods to search for any periodic solutions.

Application of Melnikov's Method MARK FRANCIS DABBS
to an Aeroelastic Oscillator PETER SMITH

The Melnikov method is applied to a bluff body aeroelastic HATHEHATICS DEPARTHEICr,
oscillator excited by a transverse two dimensional stream. KEELE tmlVERSITY,

The oscillator consists of a coupled dynamical system KEELE,STAFFORDSHIRE,
governed by a self-excited galloping mechanism. System ST5 5IK;,
model formulation allows for the derivation of intermittent ENGLAND

chaotic limit cycle motion which have recently been recorded

in physical and numerical experiments. Application of The Exhtence of Homoclinic Solutions for AlltcJll(llltt',ll_

Melnikov's method is enabled by identification of art DynmificalSystems in Arbitrary Dim,.nsi,,n

underlying quasi-steady homoclinicity that when perturbed, Dynamical %vstems of the form ,* = f(r. t_! at,. ,,,._l,t,.r,.,I w_th
reveals existence of transverse intersections in the averaged f _ C_, t _. _'_, and _ __ R_. ii _s _,,s_jr,,.,t thal .r .... 0 1_ ;s
system. The resulting stability criterion consists of an hyperbolic equilibrium and that when p : f)thor .... ×t_1, a kt,,w,

estimate of _he exponentially small separatrix splitting, homoclmic solution. By using the method ,,f I.._al,u,,,_-_,h.,,l_
a function..H.i._ obtained betw,'entwo filJlt,'-,Jllil,'ltSl(,li;Sl _|_a,,-
where the zerr_ of H r_i)r,_,_nt bony)clinic ._')ltllloli-, f,,r ,,m/.r,,
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values of _, The implicit function theorem is applied to H in vari-
ous cases. For n = 2 a single curve is obtained through the origin
in the _ -_2 plane along which there exists a homoclinic solution.
This is a well known result. When n > 2 and the stable and unsta-
ble manifolds of the hyperbolic equilibrium have an intersection of
dimension one, a result of Palmer is obtained which, again, yields
a single curve. When this dimension of intersection is greater than
one multiple curves can result. This is illustrated with examples.

Joseph R. Gruendler
Department of Mathematics
,North Carolina A&T State University
Greensboro, North Carolina 27411

Ix,variant Helical fiubspaces for the 3-D
Navier-Stokes EquationsI/lO 4

IVIO I _ In general, it is known that tile 3D Navier-Stokes equations ha.sa
unique regular solution for a short interval of time. We will show that

Stable Manifolds and Nonlinear PDEs this regular solution exists globally in ti,ne in the presence of helical
symmetry. Namely, we will show that the subspaces of helical functions

We review applications of the classical t_eory of stable and are invariant u_.der the solutions of tile 3-D Navier-Stokes equations
unstable manifolds at a hyperbolic fixed point to some problems in for ali t > 0.
the theory of nonlinear partial differe_,t_al equations. These
problems concern the existence/nonexistence of ground states and Sidney Leibovich
singular ground states for certain nonlinear PDEs. The work Cornell University, Ithaca, NY
reviewed is joint with X.-B. Pan and Y.-F. Yi. Alex Mahalov

Arizona State University. Tempe, AZ
Russell Johnson Edriss S. Titi
Facelta di lngegneria University of California, Irvine, CA
Universita di Firenze aud Cornell University, Ithaca, NY
50139 Firenze, Italy

Ying-Fei Yi MS 16
Department of Mathematics
Georgia Institute of Technology Class B Laser Oscillations
Atlanta, GA 30332 Class B lasers include many important lasers such as CO2, YAG and

semiconductor lasers and are known to exhibit pulsating oscillations.
Xing-Fin Pan Because the dimensionless decay constant of tile population inversion
Department of Mathematics is typically small, it is possible to reformulate the la.ser equations as
Zhejiang University a weakly perturbed conservative system of equations. The new for-
Hangzhou 310027, People's Republic of China mulation eliminates part of the stiffness of the original equations at:d

allows analytical studies of tile periodic solutions. We consMer both
single mode and multimode lasers and formulate solvability conditions

Centre Manifolds for Reaction Diffusion for the tin,e-periodic solutions. We then analyze these conditions and

Equations with Time Delays determine the bifurcation diagrams.
'i'honla.s Er,wux and "l'homr_ ('arr

We consider centre manifolds for equations Department of Engi|leering Sciences & Applied Mathematics
Mc(,ormick School of Engineering aud Applied Science

for the form: Northwestern Irniv,,rsity

t_(t) = A u (t) + f (u t) Evansto_l, Illinois 6(J20x 3125

where A is a Laplace operator. Soliton Robustness and Hamiltonian Deformations in Optical

Joseph W.-H. So Fibers

Department of Mathemat ics, Solitons in optical fibers are often viewed as arising from a
University of Alberta, balance between nonlinearity and dispersion. They can also be
Edmonton, Alberta, CANADAT6G 2G1 viewed intuitively as nonlinear modes of the optical fiber. This

point of view is useful in understanding the robustness of solitons
with respect to Hamiltonian deformations. If one uses the
nonlinear Schrodinger equation to model the solitons, one finds
that some of the effects which are not included in this equation but

'Ih_ E×i_tence of Invariant Tori. for a Class which exist in optical fibers, e.g., higher-order dispersion and
of _ami 1 ten,tan System birefringence, can be modeled by Hamiltonian deformations.

" Others, e.g., attenuation and the Raman effect, can be modeled by
non-Hamiltonian deformations. Solitons are robust in the former

Zhihong Xia, Georgia Institute of Technology case, persisting almost forever, but not in the latter case.

Curtis R. Men)uk._o abstract received as of 8/3192,press time.
Department of Electrical Engineering
University of Maryland, Baltimore County
Baltimore, MD 21228
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An Unstable Modulation Theory & Optical Oscillations Ehud Moron

The smq_h'st I>eri.dw solutions tc, the nonlinear Schr6dinger (NI.S) Department of Mathematics
,,quati.n are lh,' exponential plane u,a_,rs, lt is well-known for the par- Building 89
ticuiar case .f the defocussing NLS, that this ha.sicwave is stable and University of Arizona
thus per,,lits the ltir,halation of a weil-posed modulation theory via a Tucson. AZ 85721
n.nlinear WKB type of approach.

('ertain couplrd NLS systems,however,admit a cross-i)ha_emodu- Scroll Waves in Excitable Media
lalional instability for which even the defocu_ing modulation the-
,,ry is invalid. This scenario is realized in nonlinear optical tibers Excitable media are spatially distributed systems that propagate
wh,,re the axial waw'guide geometry all.ws for the co-propagation of undamped traveling waves of excitation. Examples include
,,r_h,,g,,nally-p,_h_rizedfields and results in the coupling of two NLS nerve axons (waves of membrane depolarization), acellular
m,d,,s. II,'r,,, the instability generates coherent oscillations at tera- tissues (waves of mito'._is), and chemical reactors (waves til"

hertz fr,.quencies which are highly desirable for ultra-fast optical ap- oxidation). The laws of motion of these waves have importantplical i-ns.
consequences for intercellular communication, cardiac

A dynalnical perspective of this rross-pha_e instahihty in presented for rhythm, and developing embryos. Excitable nledia ill'ean inlrgrabh, c()upling of NI,S equal,Josh. Results ol_tained through
the d,,v,.l-pnwnt of its higher-order, periodic inverse spectral theory usually described by a pair of "reaction-diffusion" equations in
pr-vide a ha.sis fi_rthe understanding of the nonlinear nature of these one, two, or three spi!,tial dimensions. Although much
,,ptical ,scillati,ms. information about traveling waves has been derived from these

I)avid J. Muraki equations by singular perturbation theory, there remain many
[)avid W. Mcl.aughlin challenging problems having to do with rotating scroll-shaped
I'r,_gram in Applied & Computational Mathematics waves in three dimensions. I will discuss some properties of
I'rinret,,n t!niversity scroll waves derived from diffl'.rential geometry, perturbation
I'rint,,t,,n, NJ (18544 theory, numerical simulations, and cellular automaton

mtxteling.

Polarizati.n Derorrelation in Randomly Birefringent JohnJ. Tyson
N,nlinear Optical Fibers Departmentof Biology
A n,,del for lJonlinear pulse i_ropagal,ion in optical fibers is studied. VirginiaPolytechnic Institute and State University
F_,r st,,rr I,,l|gth-scale randomness, thedonfinant etfect is due to a Biacksburg VA 24061-0406
pha._e-w,l,_cityditference (birefringence) and produces an increasing un-
certainty with pr,pagation distance in the puise's polarization state Behavior of Vortex Filaments in Three-Dimensional
An alq_r,ximate evolution equation fl_rthe probability distribution of Excitable Media: Results of Some Numerical Simulations
the I.,larizalion stsf.t, htm I,een derived elsewhere; here, comparisons
I,'twe,,n this distribution and Monte-(:arlo simulations are presented Vorlex filaments are lD phase singularities which can
which demonstrate thevalidity of the analytical results, in partita- form stable "organizing centers", and thereby dominate
lar, the polarization state tluctuations induced by the randomness are the global periodic behavior of 3D excitable media. In an
shown l,_ significantly reduce the effects of pulse splitting and width excitable medium such as heart tissue, this can
broadeningcausedby group-veh_city birefringence, catastrophically disrupt normal functioning. Organizing
Tetsu,ii tJeda centers are also of interest from a purely mathematical
('.Oml,u(erHesearchGroup ((_3) viewpoint as stable solutions to the underlying reaction-
I,t)s AlamosNational l,aboratory, MS B258 diffusion PDE's. Analysisof these systems of equations in
I,,,sAlam,)s,NM _7545 3D Is difficult for even the simplest reaction kinetics;
Willi;uu I.. Kath analysis of the more realistic electrophysiological models
l)epartrJ_entof Engineering Sciences &.Api)lied Mathematics iS at present intractable. Presented hero are some results
Mc(r_JrmickSchool.f Engineeringand AI}pliedScience from a systematic numerical exploration of a diversity of
N_,rthw,.sternI!_ iversity stable organizing centers, including simple rings, helices,
t,:vans1,,n.Illin,Js (;()2()_?,125 and knotted filaments. Emphasis is placed on attempts to

functionally relate the geometry and dynamics of these

MS 17 o ieo,,
Chris Henze

Domain Walls in Non-Fxluilibrium Systemsand the Emergence Dept. Ecology & Evolutionary Biology
of Persistent Patterns University of Arizona

Tucson, Arizona 85721

Domain walls or fronts in equilibriumphasetransitionspropagate

in a preferred direction so as to minimize the free energy Dynamics ofOrganizing Centers in l'xcitahle
(Liapunov functional) of the system. As a result, initial Chemical and Biological Media
spatio-temporal patterns ultimately decay toward uniform states.
The absence of a variational principle far from equilibrium allows Excitable media support nonlinear waves that propagate as pulses,
the coexistence of domain walls propagating in any direction e.g. the action potential in nerve fibers and heart muscle, and the
irrespective of the relative stability of the phases they separate. As oxidation pulse in certain chemical reactions, in tw, and three
a consequence, persistent patterns may emerge. We will study this dimensional media, these waves may self-organize into persistent
aspect of pattern formation using coupled reaction diffusion vortex-like patterns of activity, described in terms of a singularity
equations that have extensively been studied in the context of point (in 2D) or line (in 3D). Experimental studies have been

limited by the absence of a direct method to observe the dynamics
chemical and biological patterns, of the singularity point ('line). Here we presem a method of

singularity localization based on a time-space ph_t analysis, and we
apply it to the study of vortex dynamics in heart tissue and in a
3D BZ reaction.
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Arkady M. Pertsov
Jose Jalife

Department of Pharmacology
SUNY Health Sciences Center

Syracuse, NY 13210

Michael Vinson

Department of Physics and Northeast Parallel
A rch itectures Center

Syracuse University

Syracuse, NY 13244

Mechanical Systems With Purely Hyperbolic BehaviorImlt_ 4

m_ | O We consider asystem of n point particles in the half line q >0 with
masses m,,...,mn. They collide elastically with each other and the

Some New Homoelinic Orbits in Multi-dimensional Singularly bottom particle collides with tile floor q = 0. They are ali under the

Perturbed Hamiltonian Systems influence of an external potential field with the potential V(q) such thal,
V'(q) > 0 (i.e., the particles fall down) and V'(q) < 0 (i.e.. the acceler.

Persistent homoclinic orbits have been found in many singularly per- ation decreases with the distance to the floor). If the masses oSthe par-

turbed systems, mainly via Melnikov's method and Fenichel's theory ticles decrease the farther they are from the floor, rni > m2 > ... m.,
of fibers. In this talk, the existence of non.persistent homoclinic or- then the system has ali Lyapunov exponents different frorn zero.
bits is established for a class of multi-dimensional singularly-perturbed

Hamiltonian systems. The main technical result is an extension of the We will discuss the general theory allowing the det.ction of the hyper-
exchange lemma due to Jones and Kopeli. The lemma and its exten- belie behavior in ali of the phase space,

sion. which is of interest in its own right, allow one to follow invariant Maciej P. Wojtkowski
manifolds during long O({) passages through neighborhoods of slow Department of Mathematics
manifolds. "/'tie existence of orbits which make multiple "fast" excur- University of Arizona
sions away from slow manifolds is proven using the extension. One of Tucson, AZ 85721
the difficulties associated to perturbed ttamiltonian systems, which we
owrrcome, is that the transversality of the underlying invariant mani-

folds is only O(_), whereas it is O(1) in earlier work on traveling waves. Geometrical Ideas in Mechanics of Flexible Space Structures

The theory will be illustrated on two examples. This talk is based on In this talk we describe some applications of variational methods
joint work with C. Jones and N. Kopell. tO finding periodic motions in mechanical systems. The idea of
"l-asse J. Kaper the approach is to apply a curve-shortening process to a

Dt.partment of MathematiL's, Boston University non-contractible curve in the configuration space. In the absence

Boston. MA 02167 of the so-called gyroscopic terms this amounts to the well--studied

problem of finding geodesics in a Riemannian metric, in

Orbits Homoclinic to Resonance Bands particular, the Jacobi metric given by the kinetic energy.

A new method for establishing the existence of homoclinic and In the presence of the so--called gyroscopic terms, however, there

heteroclinic orbits in near-integrable, two-degree-of-freedom is no longer a metric whose geodesics give periodic solutions of

dynamical systems is presented. This method is a combination of the mechanical system. One can, nevertheless, find periodic

the usual multi-dimensional Melnikov method and geometric solutions as the stationary curves for a "non--reversible metric"

singular perturbation theory, and is used to show how a family of with non-symmetric indicatrix.
orbits homoclinic to a circle of equilibria breaks up under

perturbation to produce various homoclinic or heteroclinic orbits. Mark Levi
Both dissipative and conservative perturbations are discussed. The Department of Mathematical Science
phase spaces of ali the cases under investigation exhibit some form Rensselaer Polytechnic Institute

of chaotic dynamics. Troy, NY 12180

Gregor Kovacic CP 16
Mathematical Sciences Department
Rensselaer Polytechnic Institute

Troy, NY 12180 Analysis of a Method for Tracking Unstable Orbits
in Exp.rim.nts

V','epros.n! theoretical a.s w,.ll a.s experi.wntal results on an adaptive

nu.wrical n_ethc.t for tracking ..stable orbit._ wh_,n tlw dynamic.al
sysl,¢.tl_ is tier known,alJd only an .Xl.+rimenl.al tinw seri..., is available.
'l'ho orbit can be followed by adjusting an oxt.rnal s vsleln para..:ter.

whil++tr+.atmg the syst,.m ;L_a black box. Special _,.qJha..;is will bf' pl|!

on how this tw.lhod al,plies lr, ilows_ and lhc f:|fecls of th+, ti..'-delay

An Overview oi) Random behavior in Eel.calla1 IJarameter us.d in building the attracl.r from the .Xl-,rimelltal Ii...
Mechanic,_ series We find aposteriori estimates of lh..oz_trolJability r_.gioJJ ,,f a

givenorbit in order to detormi.,: lh,.' stepleogth suitable t:,pre'die! lh.'
ro:x! p,:sili,,n ,,f the f,rbit.

Richard Moeckel, University of Minnesota
Ira B. Schwartz
Naval Research Lab, _._'a.shiltgton 1)¢'

No abstract received at press time, 8/31/92. loa.aTria.,laf
Na_al Ros,.arch I.ai,, _'a._hillKl_Hi I)('
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A Perspective Systems Approach to Problems in Computer William Pratt Motlofiel,d, Jr.
Vision Department of Mechanical Engineering

C,EBA Buihling

This paper introduces observability and identifiability problems Louisiana State University
that arise in linear dynamical systems with perspective observation Baton Rouge, LA 70803-6413
function. Such a perspective problem finds its applications in the
field of Computer Vision specifically in the area of motion Ljubomir T. Gruji

estimation of a rigid body with point, line or curve Faculty of Mechanical Engineering
University of Belgrade

correspondence. The basic result of this paper is to study the P.O. Box 174, 11000 Belgrade
correspondence problems in an unifying framework and it is Serbia, Yugoslavia (38 11) 329-021
shown that these problems arise as a special case of a more

general Perspective System Problem. Problems in perspective
system theory introduced in this paper are new. Dynamics and Control of a Flexible Beam

BijoyKumarGhosh The high speed and energy-saving robots
consists links which are made thinner and

Department of Systems Science and Mathematics thus less rigid. Precise position control

Campus Box 1040 of these flexible arms requires accurate
Washington University modeling of a flexible beam.
One Br0okingsDrive Previous work on the flexible beam

SaintLouis,MO 631304899 dynamics seldom considered the hub
inertia and the end mass together in the
frequency equation, and the coupled

Using the Butterfly Effect to Direct Orbits to Targets system including the drive.
in Chaotic Systems The scope of my presentation will be as

The sensitivity of chaotic systems to small perturbations (the "but- follows:-

terfly effect") can be used to rapidly direct orbits to a desired state. (i) Modeling of the flexible beam with
We formulate a particularly simple procedure for doing this for cases both clamped-free and pinned-free

in which the system isdescribableby an appro×imatelyone dimen- boundary conditions using Assumed Modes
sional map, and demonstrate that the procedure is effective even in method

thf presenceof noise.VVealsopresentthefirstexperimentalverifica- (2) Modeling of the PWM amplifier and the
tion that the butterfly effect can be used to rapidly direct orbits from serve-motor
an arbitraryinitialstatetoan arbitraryaccessibledesiredstate. (3) Computer simulation of the flexible

beam under optimal control
Troy Shinbrot

Physicsl)ept Name: Eric H.K. Fung, BSc, PhD,
Uuiv. of Maryland MemASME

('(allege Park, MD 20742
Address : Department of Mechanical

and Marine Engineering
Model-based Control of Nonlinear Systems Hong Kong Polytechnic

We show that model-based control of nonlinear systems without Hung Horn, Kowloon

feedback (open-loop control) can be obtained with many simple

modelling procedures rather than the globally defined ODE's CP 17
normally assumed. We also extend this technique to control from

delay coordinate reconstructed state spaces. In the process, we Bifurcation Analysis of Turbulent Mixing Effects
find that the appropriate choice of delay coordinates can be in the Chlorite-Iodide Reaction

critical, since the stability of the control is defined within the

reconstructedstate space. Experimental investigations of the chlorite-iodide reaction in a flow re-
actor have shown that its dynamical behavior can be very sensitiw' to

turbulent mixing effects. This finding is of fundamental importance
Joseph L. Breederl and Norman H. Packard for the kinetic study of chemical oscillators since it. implies that he-

Center for Complex Systems Research mogeneous (OI)E) models may be insufficient fl3r understanding their
Beckman Institute and Physics Department dynamical behavior. Fundamental questions concerning the genesis of
University of Illinois the observed dynamics can thus only be addressed after a full investi-

405 N. Mathews Avenue gation of the effect of finite transport rates due to incomplete mixing.
Urbane, IL 61801 The simplest model which includes transl)ort effects has the t'r)rnl _,t'

a nonlinear partial integro-differential equation (PIDE) which reducq-s

PD High-Gain Natural Tracking Control of Time-hlvariant to the ODE model in the limit of intinitely fast mixing. We hay,. ex--
Syst_ms Described by IO Vector Differential Equations tended existing numerical bifurcation algorithms to analyz,, this PII)I';

system. Both parametric continuation and linear stability analysis r,-
Novel system features called finite-time and infinite- time system track- suits will be reported for the ('.itri-Epstein mechanism with the kinetic

ability are defined. Trackability in this context is defined as the ability constants ernployed by Fox and Villermaux ((_hem. Engng. Sri. 45,
to follow a desired output while subject, to external disturbances. The 2857 (1990)). Initial numerical results, in qualitatiw, agreement with
necessary and sufficient conditions for them are proven in the frame- the experimental results, indicate that at tinite mixing rates a second

work of time-invariant linear systems described by vector input-output pair of turning points and nn additional llopf I:,ifurcati,,n aplwar in the
differential ,quations. nonprenfixed system.

A PI) high-gain llatural tracking control is synthesized to force a natu- Rodney O. Fox Gholam Erjaee

rally trackable system to exhibit a prespecified elementwise exponential (_ollege of Engineering Del)art.meat of Ma_l,,matics
tracking. The adjectiw' natural expresses the features characterized Kansas State University Kansa._ Stat,. Iiniw.rsity
I,y a control possessing memory, self-learning, self-adaptation, simplic- Manhattan, KS 66506 Manhattan, KS 61i51}6
it)' _,f I1,, contrc)l algorithm, robustness as its ability to guarantee a
requ,'ste,l tracking I)roperty without measuring any disturbance and
without using any mathematics description of the internal dynamics of

a system I,('ing controlled.
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Roads to Turbulence in Dissipative Dynamical Systems: especially in the darker intergranular regions where we found
Amplitude Modulation as a New Road enhanced turbulence indicating the onset of chaotic motions.

This paper outlines the method for describing behavior of dissipative
dynamical systems through the analysis of the collection of their at- A. Hanslmeier

tracting sets, and through classifying the ways in which the attracting Inst. f. Astronomic,
sets might change a.s the system parameters are varied. The method Univ.-Platz 5

utilizes a SIMD parallel processor, the Connection Machine model 2 A-8010 Graz, Austria
(('M-2). A buckled fluttering plate on a supermaneuvering aircraft is

a prototypical system. Due to its high-speed prediction capability, the A. Nesis

CM-2, with framebuffer, oilers "real-time" display of the solution as it Kiepenheuer Inst.f. Sonnenphysik,
evolves during the prediction process. This feature gives insight into Schoneckstr. 6,

t,]._efundamental way in which the solution evolves. This is essential D7800 Freiburg, Germany
in defining the scenarios describing roads to chaotic behavior of the
dissipative dynamical systems. Three, classical, scenarios: the Ruelle-

Takens, the Feigenl,au,,,. and the Pomeau-Manneville, have beet, ob- M__ _ Q
served. A new scenario, amplitude modulation road to the chaos, has

m li m lhl_, ii

bee. fou,d, Consequently this research contributes to the understand-

ing of the mechanisnl through which the transition between periodic Attractors for Locally Damped Hyperbolic Equations

and strange attractors occurs in dissipative mechanical systems. Sufficient conditions are given for the existence
Slobodan R. Sipcic, I'rofessor of a global attractor for a linearly locally
Alan Russo, Graduate Student damped wave equation. The hypotheses are related

Bostonl'niversity to the stabilization and the complete

CollegeofEngineering controllability of the linear undamped wave
Department of Aerospace and Mechanical Engineering equation. Special applications are made to

l l0CummingtonSt., MA 0221.5 situations where the spatial domain is thin in
some directions.

A Nonlinear Stability A,nalysis of a Unified Aerosol Model for Genevieve Raugel
Thin Layer Rayleigh-B_nard Convection Lab. d'Analyse Numerique

Bat. 425, Universite Paris-Sud

The weakly nonlinear stability of the pure conduction solution for an 91405 Orsay cedex, France
appr-l,riate aerosol one-layer Rayleigh-B_nard model of a Boussi||esq
l,article-ga._ systenl retaining tit(. particle collision pressure att(I con-

si,l,,ri.g particle to partich, :a,tiative effects while relaxing the usual Limits of Semigroups Depending on Parameters

;Lss.mption of thermal ,,quilibriu||| I,etween those particles and the ga._ Among the topics to be discussed are upper and
is it:v,.stigaled. Then a'l attalysls of the criteria governing the occur- lower semicontinuity of attractors for continuous

r(-nc_' of :.up(,r,'ritically re-equilil,rated stationary rolls yields a mini- and discretized flows, structural stability of
II|liD| Rayleigh number and a critical wavelength which are completely flows, effects of the shape of the spatial domain
c,m|pa|ibl,, in their layer-depth behavior with normal convective and

in PDE on dynamics and the information that can
c,,l||.|x|ar iz|stabilities observed in tnixtures of smoke with air or carbon

be obtained by passing from a dissipative system
,ti,,xid,.. to a conservative one.

I)avid.i. Wollkind Jack K. Hale
l)_.partn|ent ,ffPure and Applit,d Malhentatics School of Mathematics

\Vashingt.|| Stat_. I!niversity Georgia Institute of Technology
l'ull.|an, WA 9916,1-:_113 Atlanta, Georgia 30332, USA

Fh,w-indu,:ed Liquid Crystallization and Pattern Formation _e _
in Suspensions Irl q_,_ 1-I,,/

We cc,.si(h.r flows of li.ld s,spensions of small, neutrally buoyant, non- Instabilities of CounterlJropagating Light Waves
interacting rod-like particles. Such ttows are of importance in hi-tech in Kerr and Brillouin Media
|J_al.ff,'t('lur|ng, and of tiworetical importance irt the study of non-
.N,,wtolfial| behavior, lt is well known that particles rotate or align Au i||tro(tuctory review will t)e given oi" tit(" three-di||tensional it|sia-
l, respons, to the instantaneous local velocity gradient of the flow. We bilities of light wavt.s co|mterprolmgating in Kerr and l]rillouin .|edia.

use dynamical and topological arguments to explore orientation dy- The physical |necha||isn|s responsible for these instabilities will I)e tie-
,a.|ics of i,articl,,s throughout the flowing suspension. Our arguments scribed, a._ will the apl)lications it, which they (,rout. The initial dew,l-

l,redict a m,w plkysical phenomenon (flow-induced liquid crystalliza- (Ip[llCql[ of the instabilities can be .|odele(I ms the int,,raction .f the two
tic,n) characterized by a high degree of self-a.ssembled order; we see a incident, waves and four small-an,I)litude sidel)ands produced by light
|m|llipJicily of "l)h_ses'" and crystal defects, scattering within tiw .w(liun|. This mo(lpl accurately predicts the ex-

perimental conditions under witich tit(' instabilities occur, llowever,
Pr_,f. Andrew J. Szeri a.s the si(h'l,and amplitudes grow, additional I|onli|.'ar etb,cts .mst I)e
I)el)artnwn! _,f .Mechanical and Aerospace Engineering taken into account, t']w,n the sitnph'st ||o||linear models (,f the insta-

I',ivt, rsity (,f ('alifort|ia I,iliti.s exhibit nonlinear frequency selection, .|ultistaMlity v|((I chaos,

Itri... ('alifor.ia 92717 and predict the developme|tt of ('onq|h'x patterns in t h,' t,ralmverse i.-
tel,sity profil,,s of the cou|tterpropagati||g wav,,s. ('.urrent st||di,.s of

Chaotic Behavior of Convective Motion in the Solar .tor(, realistic .|odels will also t)e described bri_,lly.

Atmosphere ¢,. J. McKi,stri,.

The visible solar surface reveals a pattern of bright and darker l.aboratory for I.as,.r Energetics
structures on a scale of about 1000km known as granulation. The I;niversi_y of Ro,:hester

solar granulation is an overshooting of convective motions into a Roc he s t e r, NY 14 62 7

more stable atmosphere and is studied by means of spatially highly

resolved spectra. The decay process of these motions is followed

A25
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Dynami('s ()fLight Pulses irl Periodic Structures w,qt4htsar,' fix,.d Th,.dyna,,.csl_:L_su..',l t,,I ..... f_h,,fi,rz,a

Lit_}lI pr,,p;tgati,,;i iii both n,,.lim.ar fib.r._ and planar waveguides with ,la',
lin,.ar I-'r.,dic r,.t'ractiv,, index in the dm.ction ,,f prol,agatmn pr,.._.nt -_IT : II,(a'l, . a',, .,i: , ,,/,,
rich .cpllarl,,s ,,f dyu;u;:_ s. instabilities and i,,,u'nti:d applications In

III,' Im,'ar r,'gmw, ther. : ,t gap of frequencies for which there is strong Iq,sill_,. fl','dl,ack .warn. _,/__l> 0 'I'll,' ill;till r,...ull ,> :t e.,.,.rallzal, m,,I
'U¢,

Bra_._, scatt,.rmg ,.ff ,.!,.. ilg_:t _aused by the periodic structure of the ,I II,,Idi.hl'ssatural,,n tl.._,r,.m f,,r _.y.m..Iri, ;t,l,llll_.. ll, l_, .'X[,r,,'l'.,'
n.,dium _%,will ..h,,w 1ha, m such a fiber, at high intensities, pulses v,.rs.m _,f lhc f,Ah,wing slat,.m,mt will h,. dt_, u._,*,t I,,r -u[ti,u, ml_

wh.h :tr,. ,m,. ,_r .mltt-s.lito.-like salutions of the governing equations high gain, t l.' _,utl,.ts y,(t)airing ally sl;riA,, tra.p.ct,,r ) ;,r,' v,'r',' ,l,,_.,.
pr,,pagat,, with,mt distortion, acting as ali effe_.l.ve eraser of the filter 1_ the a.sv.q,tr)tic values t,f lt.' sigm,u,ls .q, (tyl_ic;(ll_ i l) f,,r .t larL,,.
t:,,r lh,. wav,.guide, we will discuss the effect .,f modulational instal.I- I,r_,l.,rti,m ,,ft
llh.s ,n transv,.rse directly,ns and we will pay special attention t,_ til,'
re,i:.- :l.se t,, lhc ,'dge of til,' frequency gap, where the dynamics art, Mc,ms W. lllrsct,
h.s-ribed t,y the two dimensional nonlinear Schr6dinger equation. As l)"l'ar1""'nt ''f .Math,.luatu's

I! is w,.ll k::own, this equation shows collapse, which in this case occurs I'mversily of ('allf, m,a, Bvrkel,y. { 'ali( r,ia
al ,t finit,' i,rot,ag, ation distance. \Vewill discuss whether these dynam-

ics Dad l,, ttle gem, rat ion of short high intensity pulses or tosometlling Learning, Pattern Recognition, and Predictit,l

,'lse by Self-Organizing Neural Networks;

A. Ac,,v,.s r_s we move about the world, we can attend tr, both

l)epartmentofMath.matics familiar and novel objects, and can r.'_pidly learn
l'niverslty c,f New Mexico

tw recognize, test predictions about, and It,arn
Albuquerque, NM 87131 tw name novel objects without unselectivelv dis-

rupting our memories of familiar objects. This

Spontaneous Pattern Formation in Wide Gain Section Lasers ta I k wil 1 describe neura I networks, ca I Ied /_R'I'_V_Ps.
that have these competences, bRTMAPs are described

Iw,,-l,,v.I and Raman lasers with wide gain sections exhibit patter, by nonlinear fast-slow dynamical systems oi high

f,_r.linginslabiliti_sclosely analogous to that observed in large aspect dimension. They can learn to rapidly discriminate:
ratio, fluids clmvectlon [!nlike fluids however, tht_e optical systems rare events, to stably classify large nonstationary
haw simply ,.xact tray.ling wave solutions which allow us to write data bases, and to automatical l y adapt the tmmber,
d,,wn ;tltqdltu(h' equations of the complex NewelI-Whitehead type near shape, and scale of their category boundaries to
thr,'sh,,ht NI r .(,v0'r, we can easily deter.line regionsofstable traveling match statistical data properties. _ M:tnimax

waw s,duti,,ns bey, rod tile instability threshold which are the analogs Learning Rule conjointly minimizes predict tw. error
,,f _h,' I),us._t' hallo.n. The Raman laser offers a fascinating range of and maximizes generalization under incremental

I,a_,'ra f,,rming instabilities which include a weakly turbulent sea of learning conditions. Benchmark compa ri,-;ons with
lm,.ractmg defects generated via a modulational instability at right genetic, machine learning, and other neural m:t
araKI,',',t,, rh(' (tirectton of tile underlyiug traveling wave. We will com-
par, +a)t`t <,,ntra._t i)attern for,ning instabilities in two-level and Raman algorithms will be made.
las,,r.. Professor Gail _. Carpenter

Professor Stephen (;rossberg

.I \ M,,l,,ne? (:enter for 3daptive Systems
l),+l,artm,,nt ,ff Math+,r=latics and

I'l|l_('tsl)._ ()fAriz(,lla Department of Cognitive and Neural Systems
Tucson. aZ 85721 Boston University

111 Cummington Street, Secoc,d _loor
Localized Stat_.s in Fluid Conve.ction attd Multi-Photon Lasers Boston. M3 02215

(',qnl,l,'x (;mzhurg-l.andau equations describe tile evohltion of solu-
_.,.,mv,,I,,I,,,s m ttw vicinity era pitciffork bifurcation. Multi-Photon Neural Networks In Control Systems

la._,.r_ and binar.', ttuid convectmn are both examl)les of physical cir-
During the past thret' years numerous mc_(l(.ls usim',

,ur,>)anc,-s wh,,r,. Ill(, nonlinear theory includes nonlinear gain terrns, neural networks have teen proposed for tttt. idcn-
t,,tt)_ lhc,ugh! ).r, t,rocludo the existence of long-term, spatially localized

ttfication and control of nonlinear dynamical
'_,,ltltl,_ll_, ('sill K singular manifold mettmds, it is shown that long- systems. Extensive simulation studies ttavc shown

!,.r_t_. I,,,;tllz,-tl solut)t)ns do. however, exist. A serf,i-analytic, semi- that the models proposed are very effective.
_)u,wr,':tt al,l,r,,ach shows that these solutions can be stable. A non- While much of this past work has been of a he,lr-
Irl_ lal Imll._l,ar,- mak,.s these s()lutions extremely adaptable t(, different istic nature, the success of t|le simulat ion
i,h.w_cal r_,ll,]lli¢,lls studies has nevertheless generated new interest

,I .,\ I',,w,.ll and Per K. dakobsen in making the proposed methods more ri_,or()us. At

l),.I,art),,.nt ,,(Math and Statistics Department of the same time, al thrntgh m,_('h (,ff()rt t);is h('(',_ (,x-
I,;,h 5;tat,-I:nl_,.r.slty Mathematics pended on the mathematical properties of n_,nlin-
l.ogan, h"f 84 321
and University of ear systems very few constructive t)rt)cedul'os cur-

Arizona rently exist by which controllers can t)e S\'latht.-

Department c,f Mathematics Tucson, AZ sized for nonlinear systems of ovc._l r_.;tsonabto
Universit'¢ of Arizona complexity, The aim of this pal)t:r i._', t() (lt.nl()i_-
Tucson AZ 85721 85721 -, strate that results from nonlinear c_mt_r_l tht.,,rv

and nonlinear adaptive control the()rv can t)e u:_(-(l

ly efficient methodology tor the (t(.._;ivi_ oi ('()n-
trollers using neural m_tw(_rks.

Satt.ation ,,f(Jutl)uts fi)r Positiv(, F(,(,¢ll)a('k N(.tw()rks at High Professor Kumpat i S. Narendra
f;;tin Center for S,/stems S(:it_'nct"

Department of I:.lectrical F.ngirlt'orlnL',
(,,))-.t,.r a .,.t,,v,,rk ,,f ,) u.t). had)nK ;tclt_atl_,l, I,.v,.ls., a.d .ig..)i,lal Yale: University
,,q!l,,l! tltll'll, ql'..'lt : gt{]\'J',) v. hPF,' ]'x" :_" {1 l._ Ihp Kalll parat_,-I..r P.O. Box 1968, Yale Station

New ttaven, Connecticut 06520-1968
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oil the systematic generation of wall-paper and tiling patterns. Ill this
persentation, conditions for dynamical equations to produce symmetric

Bifurcations from Symmetric Relative Equilibria patterns of the seventeen plane synunetry groups will be discussed. A

A 'transfer of stability' need not occur at bifurcations from symmetric technique will be highlighted on how to look for appropriate dynamical
relative equilibria; bifurcations to stable asymmetric motions may oc- equations to generate symmetric patterns.

cur throughout a range of parameter values for which the symmetric Dr. David Kwok-wai, CHUNG

motion remains stable. Many geometric techniques cannot be applied (.!it)' Polytechnic of Hong Kong
to symmetric relative equilibria because of the singularity of the mo- l)epartment of Mathematics
mentum map tlowever, a generalization of the reduced energy mo- Tat Chee Avenue, Kowloon, Hong Kong
m_,.tum method of Simo et al., which identifies relative equilibria by
means of a variational problem on the configuration manifold, allows

a computationally efficient analysis of symmetric states ranging from CP 19
the sleeping Lagrange top to axially symmetric steadily rotating fluids.

Debra Lewis Algebraic Decay and Phase-Space Metamorphoses
['niversit.vof('aliRmdaal Santa ('ruz in Microwave Ionization of Hydrogen Rydberg
Santa ('ruz, ('A Atoms

We study the microwave ionization of hydrogen
Conley Decomposition for Fixed Bounds on Pseudo-Orbit atoms using the standard one-dimensional model.

Deviations from True Orbits We find that the survival probability of an elec-
tron decays algebraic; 'ly. Furthermore, as the

The Conley Decomposition Theorem provides for the microwave field-strength increases, we find that

decomposing of a dynamical system into chain recurrent and the as)_mptotic algebraic decay Exponent can decr-

gradient-like parts, where chain recurrence involves arbitrarily ease due to phase-space metamorphoses in which

small deviations from orbits. In simple computer models, new layers of RAM islands are exposed when KAM

deviations at each iteration invoh, e a fixed accuracy of the surfaces are destroyed. We also find that after

hardware/software configuration. The decomposition of a such phase-space metamorphoses, the survlval

dynamical system with a fixed bound on the "error" at each probability of an electron as a function of time

iteration is one model Ibr this computer simulation, can have a crossover region with different: decay
exponents. We argue that: this phonomenon is

The speaker will describe some results relating such typical for open Hamiltonian systems.

decompositions tw the arbitrary "error size" decomposition and Ying-Cheng Lai and Ce 1so Grebogi

suggest implications for models ot" certain discrete dynamical Laboratory for Plasma Research

systems by computer. University of Maryland
College Park, bid 20742

Douglas E. Norton .,

Department of Mathematical _;ciences Reinhold Blumel
Department of Physics and Astronomy

Villanova Universflv Univeris[ty of Delaware
Villanova, PA 19085 Newark, I)E 19716

An Extended System with Determined Mingzhou Ding
%_uxiliary Vectors for Locating Simple Department of Hathematics
Bifurcati'on Points Florida Atlantic University

Using an extended system to locate a Boca Raton_ FL 33431
simple bifurcation point via an iterative
me t hod u sua 1 1 y requi res a good cho ice llamiltonian l)ynamical Analysis of A Basic Two-Wa_e Interaction

of an initial point as well as several in l'lasnla Physics

auxiliary vectors. The method we propose 'lhc Vlasov-Poisson equations, which describe the physics of
here requires a good choice of an initial collisionlcssphlsmas, comprise an infinite-dinmnsional Ilanfiltonian

point only. Our method is based on an dynamical system. An important class of solutions of these
analysis of certain types of auxiliary equations are the so-called BGK traveling waves. While recent
vectors, which leads to the automatic studies demonstrate the existence of these waves arbitrarily close

determination of these vectors in terms to the manifold of Vlasov equilibria, straightforward analysis
of the initial point. Numerical suggests that superposition does not yield a new solution, even in
implementation via a Newt0n-like method the limit of small wave amplitude, llowever, our detailed

i s d i s c u s s e d and e x amp 1 e s a r e p r oy ide d. investigation of the nonlinear equations of motion for charged

Yun-Qiu Shen particles in such superimposed fields shows otherwise. 'lhc
D e p a r t me n t o f [vla t h ema t i c s analysis, which employs l lamiltonian methods within each of the

topologically distinct regions of the phase space corresponding to

We s t e r n iqa s h i n g t o n U n i v e r s i t y the primary a,d higher-order wave-particle resonances, as well as
Bellingham, WA 98225 in the exponentially thin stochastic or chaotic layers surrounding

them, shows that BGK waves de satisfy an approximate principle

" Comi,uter Generation of Symmetric Patterns of linear superposition. Such superimposed waves nmy be crucial

'lhis presematmn is on the area of pattern formation, especially the in tile basic understanding of tile time evolution of nonlillear

_,-m'ratio, _,f symuwtric patterns by computer graphics. A study of plasmas.

g,'l|el'allllg algc)rithms is mvaluabt, lo understand the intrinsic prop-
,.rr i,._ r,f th,' g,,vernmg dynamical equatiot_ or mapl)ing relating to the

g(,w.ral_,d patterns, l)ynami('al equations in recursive form are widely
u..,_.(l_l_, cre;tie fra_'tals, cc)lc,rful patterns and to simulate the meta-
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Mark Buchanan A. Scotti

Department oi Physics I,N F.N.
University of k, irginia Sezione di Milano
Charlottesville, VA 22903-2442 Gruppo Coilegato di Parma

F. Zanzucchi

John J. Doming Dipartimento di Fisica - Sezione di Fisica Teotica
l)cpartmcnt of Nuclear Engineering and Engineering Physics Universith di Parma

Universily of Virginia 43100 Parma, Italy
Charlottesville, VA 22903-2442

Control of Turbulence and Transport in the Small Tokamak

Tori and Chaos in a Nonlinear Dynamo Model for Solar TBR-I

Activity Eietrostatic turbulence and magnetic fluctuations have I)een mv_ur_'d

A nonlinear dynamo model for solar activity which includes the with probes in the TBR-I pis.area edge. The experimental s,'t-ut, and

feedback of the helicity upon the mean magnetic field has been the two-point correlation teclmique are similar of those in th,' TEXT

investigated. The qualitative behaviour of a seven dimensional tokamak (The University of'I'exa.s), in TBR-1 the M lid activity is un-

system of ordinary differential equations obtained by truncation of usually high and its frequency range contains the frequvncies f,,r which

that model has been studied numerically, lt has been compared the electrostatic fluctuations and its associated partich, transl,,rl is

with results from a sixth order system derived from the seventh expressive. Striking localized (short radial extend) characteristics such

order system by a special polar coordinate transformation. In as coherency and phase difference between magnetic and f.lectr¢,statirfluctuations were observed. These effects could be caused by the propa-

dependence on characteristic parameters the seven dimensional gation of electrostatic sound waves along stochastic magnetic fichl lines
model exhibits periodic, quasiperiodic (on T2 and T 3) and chaotic created by the high MIlD activity. Furthermore, preliminary results
behaviour where a route to chaos via the transition T2 = > T 3 indicate that the turbulence and the transport are sensitive t. exter-
= > T2 chaos has been found to be typical. In contrast to be nal currents, on resonant helical windings, used to control ltlagnvtic

typical. In contrast to that no chaotic state occurs in the reduced fluctuations.

system due to a nonregularity of the coordinate transformation. lber6 L. C,aldas, Maria Vittoria A.P. tleller, Raul M. ('a.slro, Ruy I).
da Silva, Zoezer A. Brasilio, TBILI Team

Ulrike Feudel Institute of Physics, University of S_,o Paulo
Dr. rer. nat. (;.P. 20516, 01498 S£o Paulo, S.P., Brazil
Max-Planck-Gesellschaft an der Universitat Potsdam

Nichtlineare Dynamik

Am Neuen Palais, Gebaude S CP 20
Potsdam D-O-1571, Germany

Pattern Selection in Rotating Rayleigh-B_nard Convection

Thermodynamics of Dissipative Systems in a Finite Cylinder

Equilibrium thermodynamics studies the macrobehavior of the systems Convection in a finite cylinder rotating about its axis is studied at
under slow change of parameters, while the relation between macrobe- the onset of the convective instability using analytical and numerical
havior and chaotic micromotion is the subject of statistical mechanics, techniques. Using symmetric bifurcation theory, we show that, gener-

Thermodynamics and statistical mechanics were developed as asymp- ically, one expects the initial bifurcation to be to a Hopf bifurcation
totical theories which are true in the limit of infinite number of degrees to a precessing pattern. This is in contrast to the results for an un-

of freedom. Recently it was shown that ali relations of thermodynam- bounded layer, which predict steady state solutions except for very
ics and statistical mechanics are valid for ergodic and approximately small Prandtl numbers. We present solutions to the linearized Boussi-

ergodic tlamiltonian systems with any (even small) number of degrees nesq equations for various values of the Taylor number and cylinder
of freedom. Some extensions of these results to nonergodic and dissipa- aspect ratio, and for both idealized and realistic boundary conditions.

tive systems are considered in this presentation. Thermodynamics of We discuss these results in light of recent experimental work on small
such systems differs essentially from classical thermodynamics. First, aspect ratio cylinders (Zhong, Ecke and Steinberg, PRL, 67, 2473).

nonergodic llamiltonian systems are characterized by a number of tem- H.F. Goldstein

peratures. Second, there are nonergodic Hamiltonian systems for which E. Knobloch

thermodynamical entropy does not exist. Existence of entropy is sub- University of California

stituted for nonergodic Hamiltonian systems by the existence of some Berkeley, CA
integral invariant. For limit cycles and strange attractors of systems

with small dissipation, a universal relation is established which is an I. Mercader
anologv of the first law of thermodynamics. M. Net

" U. Politdcnica de Catalunya
Victor Berdichevsky Barcelona, SP

Georgia Institute of Technology

Atlanta, Georgia Three-Dimensional Oscillations of a Fluid Conveying

Tube with Discrete Symmetries
Permanence of Stochasticity Thresholds in KAM systems

The postbifurcation behavior of a slender viscoelastic cantilever

The classical behaviour of a one-dimensional anharmonic chain with tube conveying incompressible fluid flow with a DN-symmetric
nearest-neighbor interaction via a Fermi-Pasta-Ulam potential, is nu-

elastic support is studied. Due to its symmetry properties
merically investigated. We t_t some numerical methods, widely imple-
mented in the literarure, which se,:m to be rather poor for these kind this is a mathematically interesting and technically relevant

of purposes. We introduce next two new parameters in order to ver- problem. Solar only O(2)-symmetric tuhe problems have been

if)' the permanence of stochasticity thresholds when one increases the treated in the literature,

number of degrees of freedom: the Hausdorff dimension of the Fourier Compared to previous work for the derivation of the tube equa-
transform of a dynamical variable and the inverse square of the fluc-

tions director rod theory is used which allows to describe the
tuation of the total kinetic energy versus specific energy and number
of degrees of freedom. Our results are definitely inconsistent with the nonlinear deformation of the tube in a geometrically exact way.

vanishing of stocasticity thresholds (i.e of the invariant KAM tori) in The dynamic system governed by a set of nonlinear partial dif-
the thermodynamic limit.
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ferential equations is treated as a two parameter bifurcation Ju'rgen Kurths

problem using the methods of Equivariant Bifurcation theory. Dr.rer.nat. habil.
Max-Planck-Gesellschaft an der Universitfft Potsd.

For some values of N a mathematical classification, physical Nichtlineare Dynamik

interpretation and comparison of the different types of the sta- Am Neuen Palais, Gebaude S

tionary solutions is given for some coincident eigenvalue cases Potsdam, D-O-1571, Germany
of the corresponding lineaxized problem.

Alois Steindl }lans Troger Atmosphere-Ocean Models

Institute of Mechanics with Quasiperiodic or Stochastic Forcing

Technical University Vienna The atmosphere-ocean system displays features

A-1040 Wien, Austria having coherence in space and time which, though
nonperiodic, exhibit some stochastic regularity.
Examples vary from atmospheric blocking episodes

Solitons on a Vortex Filament wlth Axial Flow (timescale _ 10 days) to ice ages (timescale _ 10_

The extended local induction equation, which years). Of great current interest is the E1 Nino -

accounts for the axial flow, is investigated on Southern Oscillation (ENSO) phenomenon of the
the basis of the inverse scattering method. The equatorial Pacific, which, both directly and

present analysis provides N soliton solution with through conjectured teleconnections, is responsible
the intrinsic symmetry with respect to the for damaging climatic anomalies.

constituent solitons. We report numerical experlments on simple con-

The characteristic parameters of the vortex ceptual models for ENSO, representing an ocean
so]iton, especially the effect of the axial flow, system subjected to quasiperiodic or stochastic

are determined from the experimental observation forcing designed to mimic known physical influences.
of solitary wave propagating along the vortex A critical appraisal of the data suggests crucial

filament. Thought the two solitons collision tests for the integrity of such models.
process is consistent with the experimental

John Brindleyobservation, our theoretical analysis is unable to

account the observed large phase Jump after the Department of Applied Mathematical Studies
head-on collision of two solitons. University of Leeds

Leeds LS2 9JT

Kimiaki Konno England
Department of Physics,
College of Science of Technology, Albert Barcilon

Nihon University, Geophysical Fluid Dynamics Institute
Chiyoda-ku, Tokyo I01, Japan Florida State University

Tallahassee
Yoshi H. Ichikawa FLA 32306
National Institute for Fusion Science,

Chikusa-ku, Nagoya 464-01, Japan Poster
A Package for Determining Pattern Selection

in Conve_'ting Systems Simulation of Sustained Reaction-Diffusion (., _.,llations on a

A c_,ml,ut_r package ha_,; been developed to calculate (via an a.,_ymp- Massively Parallel Computer
t,,tic _*xpansiou of the fluid equations in the vicinity of the onset of
,'ouv,-:ti_:u) tlw l_ormal form coofficients relevant to pattern selection. A computer simulation model has been adapted to follow chemical
Whih. such reductions can be done by hand for specialized boundary oscillations in a two-dimensional drum membrane. The model uses

comliti,:,us, the tedious manipulations and the requirement of numerical a 16,384 processor Massively Parallel computer and algorithms
calculalions for inally realistic boundary conditions make quantitative developed to study systems undergoing non-linear chaos. The

c_,mparis,m with extwriment difficult and rare. By automating these membrane is represented by a two-dimensional circular surface

alg, q, raic a,d immerical calculations, this package allows reliable explo- within which an immobilized enzyme is uniformly distributed. The
ratiol_ of pat t_.ru seh.ction in many convecting systems with a variety membrane is permeable to two substrates which diffuse and exhibit
(,f b,:mndary couditious and parameter values. Several systems such ms a non-linear reaction due to the presence of the enzyme. With the

hitlary fluids and rotating tluids have already been studied with this proper choice of kinetic parameters, oscillations develop

,'_',1," spontaneously and sustain themselves. The model displays the

1 h,,t,_:_, ('h,,, time evolution of the sustained oscillations.

I'_liv,:.rsily ,.,f ('alifornia, B_.rkeley William A. Hogan

B,.rk,,l%v. ('A MasPar Computer Corporation

749 North Mary Avenue

Lyapunov Exponents for tlydromagnetie Convection Sunnyvale, CA 94086

We estimate the two largest Lyapunov exponents in a three- Robert F. Stetson

dimensional simulation of hydromagnetic convection in which Department of Physics

there is dynamo action, lt turns out that these first two exponents Florida Atlantic University

(from a total of 8x633) are positive and of similar magnitude. Thus Boca Raton, FL 33431

we conclude that the dynamo is chaotic. Furthermore, the

consideration of local exponents helps in our understanding of the Amplitude, Exi,ansi_ns t'_r l.sta|_iliti_,s in P.l,ulations
relevant dynamics. We find that the downdraft flows are more ,,f Gh,l_ally-C,,,H)h_d Os_,illators

chaotic than the upward motions. Likewise, the velocity and

magnetic fields have more chaotic dynamics than the temperature \_,,. analyze, Ih_. ,_Ir,clur,. _,l"a,q,lil ,,I,. ,.xl,;tu_,i, m_ ar,,ut,] lh,, iuc_,h_.r-,,,t ._tat_. fi,r a c(,tttitJu,m m,,,h.I ,,f gl,,l,;tlly-,*_,,I,],',] ,,,_clllal,_r_ r,.c,,id ly
and density fields.
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I.J,,!,_,sod I,y Mir-lh> and Strogatz. For tiw Fokker-Planck equation stability theory Is restricted to linear perturbations of the
,,f this n,,d¢.l, we .leriv," the amplitude equations alq)ropriate to both ideal (inviscid. perfectly conducting) MHD equations to
steady-state and Ilopfl,ifurcation from the mc_)herent equilibrium state stationary equilibria. This work exanllnes nonlinear

u._in_ c,,ntt, r-lzmnifohl reductio.. ()f particular interest is the stability stability when the transfer of energy from a driven.
of }fifurcathtg I_ranches tlescrilfing the .riser -f synchronized I..havh_r symmetric "equilibrium" to an unstable, asynunetrtc mode
a.d als,, the livfit .f zero ditfusi.n, when the critical eigenvalues are and dissipative effects are co/mldered. A heuristic model is
,'t_du',.tded the c_mtinutnls spt.clrunl. (!c,nnectio|is to similar instabil- derived for the dynamics of the '.amplitudes of the driven,

synmaetrlc state and one linearly unstable ideal mode. The
i!it's in ctdlisionh,ss plasllla theory are discussed and our calculations resulting two dimensional system ts observed to undergo a
;tr,' compared lt, the recent theory .f B,.milla, Neu. aud Spigler supercritical pitchfork bifurcation at a critical Lundquist

,John I)avid ( 'rawf_,rd number In the autonomous case. A second bifurcation of the

I! uivcrsity _,f Pit t sburgh, l'itlsburgh, PA saturated fixed points is also seen.

St ev,.v St r,,gat z *Work supported by USDOE under Contract No. DE-FG06-
Massachuset ts Inst,it ute of "l'echtlolt,gy, t :;,::,, .ridge, MA 87ER53243.

Wilbur F. Pierce IV
A Fractal Model of Diffusion in Extracellular Space(ECS)of

the CNS Aerospace and Energettcs Research Program

Diffusion is the underlying mechanism for information Uni...erst_ of Wasmngton Ft-lO
transmission in the ECS. The complex shape of the ECS, Seattle. Washington U.S.A. 98195

due to densely aggregated cells and the interdigitation of
cellular processes, fundamentally alters the characteristics of Bifilrcation Structures of Minimal ODEs from Weighted
diffusion. Fick's equations have been modified to account Sobolev Projections of PDEs
for the complex geometry. However, due to the influence of
absorption the diffusion characteristics of neumtransmitters In Kirby [1991], "Minimal dynamical systems from PDEs using Sobolev

and neuropeptides are not adequately described, eigenfimctions" (to appear in Physica D), a modified Karhunen-Lo_ve
Furthermore, the modifications may not fully describe the transform is derived using a Sobolev-type norm. This optimizes the
geometry at different length scales. Investigations approximations of the higher derivative terms in numerical simulations

describing a fractal model of diffusion based on a random of partial differential equations and leads to a further reduction in the
size of the associated system of ordinary differential equations, llere

walk on a fractal substrate will be reported. Computer
simulations of random walks on fractals with the same we consider the effect of varying the weighted Sobolev optimality cri-

fractal dimension as the ECS will be described. This model terion on the dynamics of these sets of ODEs by treating the weighting
coefficients a,s bifurcation parameters in the ODEs and studying the

can be modified to incorporate the effects of absorption on resulting bifurcation structure. The Kuramoto-Sivashinsky equation is
diffusion, used as an example and we analyze the improved preformance of the

Thomas A, Sipes: Department of Neuroscience, UCSD, La new norm in terms of the bifurcation problem.

Jolla CA 92093 Emily Stone

Martin Paulus: Laboratory of Biological Dynamics and Michael Kirby
Theoretical Medicine, School of Medicine, UCSD, La Jolla, Colorado State University

CA 92093 Fort Collins, CO 80523

Asessing Complexity in Biological Data Sets. Effect of Actuator Positions on the Performance of Ground

M.P. Paulus. Vehicle Systems

Biological data contain important sequential information that is not The preliminary results in the area of actuator placement in lumped

assessed adequately by calculating measures of the distribution functions, parameter system like the ground vehicles has been reported in in this

Moreover, linear methods, e.g. autocorrelation or FFT, may not detect paper. A criterion has been developed relating the optimal actuator

sequential relationships in biological data, which are subject to highly position to the location of a known disturbance.

nonlinear influences.. Nonlinear techniques, e.g. dimensions, Liapunov Linear time invariant lumped parameter models of vehicle suspension

exponents, or dynamical entropies, have provided new measures to system were chosen to investigate the effect of control actuator loca-tions. Results of the simulations show that the optimal actuator loca-
characterize sequential information in biological data. However, the tion is the one closest to the source of the unknown disturbance. This

estimation of the dimension or the Liapunov exponents is requires large work suggests to place the actuator as close a,_ possible te the source
data sizes and assumes that the generating process is deterministic with a of known disturbance.

few degrees of freedom. In contrast, the dynamical entropy can be Faleh AI-Sulaiman
computed for deterministic as well as for random systems. Efficient Sadaruz Zaman

algorithms are available that maximally extract information based on Mechanical Engineering Department

nearest neighbor statistics allow to determine the generalized entropy --- KFtIPM Box 491

function even for data sets of moderate size (n=500). Applications of King Fahd University of Petroleum & Minerals

dynamical entropy measures to different biological data will be presented Dhahran, Saudi Arabia

and the estimation accuracy will he compared to generic nonlinear
On the Characterization of Turbulence as Spatio-Temporal

dynamical systems that are randomly perturbed. Chaos

M.P. Paulus, Laboratory tor Biological Dynamics and Theoretical

Medicine, 0804, University of California San Diego, La Jolla CA 92093, !rregular spatio-temporal behavior in distributed dissipative syst, et,s
involves a large number of degrees of freedom. A global attractor de-

email: manin@rat.ucsd.edu scription of such a turbulent state uses a single point in ph;_se space t.o
represent the entire spatial domain. A difficulty is the large amount of

A Slightly Nonlineitl- Stability llff£_lel for Driven. Dlulpative data required to extract desired dynamical measures, tlere, we de:icribe
Magnetohydrodynamic 8ylltelnll ° a methodology to characterize turbulence as spatio-tenaporal chaos and

apply it to 2-D thermal convection, the ocean, and the atmosph_ r_'
Magnetohydrodynamic (MHD) stability studies are This general approach effectively deals with the malty degrees of free-
ubiquitous In magnetic fusion research. However, much dora by taking into account the spatial complexity -f the turbuh'nce.
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Jerry 1:. Mag'.an I'. lltrs,'hh,.r._
P. K. Jay Ku.,ar I'mvcr..qb .f (':.difi,rma. I_,'rk,,h.y. t'A
[)epartulent of Mathematics E. KwA,l,_ch

Sult)erconqulters ('omputations Research Institute I'niv,,rsily ,,f ('alifi,rma. it,'rk,.I,,y, t 'A
and (;e,,tJlysical Fluid i)ynanlics Institute
Florida State Uniw'rsity
Tallahm;sce. FL 32306 Scaling iii all, Eh,_tr,t,neephal,gram

l'h,' r,.latit,.shil, ])etw_'en chaotic (lyltalnics alld I';E(; signals has l,e,'n

On the Fractal Nature of Humtm Heart Rate Variability and ,.xph,r_.d by various r,.search,'rs i. a. effort t,, lu,derstand the dynasties

the Effect of Sympathetic Blockade ' 'fth,' t<E(; A I-.havior which is tylfic;dly extnhtted t<va cha_-,tic system
is s,.If-si.lilarity. ;L.;indicaled t)y the value oi the fractal dimension t,l"

[luman heart rate variability (IIRV) is fractal in natur,.. The origin lh,, sig.al. I. ,.,rder lt, avoid diflic.lti,,s that can arise when using box
of these complex dynamics is uncertain, Because li RV is largely inlht- counting o. a t,.tnpc, ral r,,cc,rd. wt, have used rescah'd range analysis
enced I,y variatic, ns in parasynlpatlletic (PNS) and sympathetw ner- to deternm.' the scali.g behavi_,r c,f a s,.l .f EE(;. Results indicate

volts system (SNS) activity, wt evaluated the eft'ect of SNS blockade two, scaling regit,,s, each with a character|site scaling exp.nent. These

on the fractal property of H RX,'. After evaluating the fractal europe- exp()nents may Iw useful in characterizing c<_gnitiv,, processes.
nest from >2 h ltRV data by a renormalization technique (1), fractal
dimension wtu_ calculated for both placebo and propranolol. Fractal J,h, E. Etde|

diulension did not change with SNS blockade. Title dynamic complex- Elaine M. Brunsman
ity of HRV appered to be maintained by title PNS. [)epartn,.nt of I'hysic.-

II.] YAMAMOTO, Y AND R L. tluc;ttSON J. ,4ppl. Phystol 71:11't3, Irniversity of I)ayton' " " DaytoI,, (lH 45469
1991.

Alberl F, Badeau

Yoshiharu Yamamoto tluman Fngineering Division
I{ichard L. lt ughson ('few SystelllS l)irectorate

Depart:sent of Kinesiology Armstrong Laboratory
Faculty of Applied Health Sciences Wright-Patterson A FB, ()tl -15433
University of Waterloo
Waterloo, Ontario N2L 3(;1, Canada

A Lax Pair f()r the Three-Wave Interaction of Four Waw:s

Parasympathetic Blockade Reduces Dyntunic Complexity [_f Resonam wave-waw, interaction is a weakly nonlinear l)rocess of great

Heart Rate Variability imporlanc_, in the study of wave pht!nonltHla. Many aspects of this

Complexity of heart rate variablity (HRV) is regarded as an important interaction haw. been considered covering from the most elenlentary
feature of the healthy heart. We st udied tile hypothesis that I)arasym- interact ion involving a singh, triplet,,f waves to more complicated muf

I)athelic nervous system (PNS) activity was related to the origin of tiple triplet ('asps. In here we consider a system of four interacting

dynamic complexity of [tRV. Dimensionality of 10 rain ItRV data was waves constituting two resonant triplets. We construct a Lax pair with
evaluated before and after the intravenous administration of atropine, a sl,ectral parameter for this system, th,,refore i)roving its integrability,

Confirmation was iliad(, that the fractal dimension for l0 mis data w_ al_(I exhibit tilt integrals of motion. We also ot)tai, a criterion for the

not diffl'rent from that for >2 h data using CGSA method (I). |'NS stabilization-f the (explosiw.) instability thai ntay occur when waves

blockade dramatically reduced the fractal dirnension of 11RV. Dynamic of positiw, and n_.gative energy interact.

complexity of HRV appeared to be maintained by PNS activity. Filipe J. R(,nleiras

[1.] YAMAMOTO, Y., AND R. L. titIGttSON. J. Appl. Physiol. 71:1143, |)epartam_qtto de N|atf, tll;itica.
1991. Institut- Supt.rior Tdcnico,

1096 .,isboa Codex, Portugal
Yoshio Nakamura

l)epartment of Sports Sciences
VCa.seda [Tniversity Hemapoieti(: Mod(ds with De.lays

Tokort.)zawa, Sail area 359, J al)an Frt,ul an age-structured model for erythrop()iesis and thrombopoiesis a

Yoshiharu Yamamoto t.ath('matical model is derived which cent|ass two delays. This work

I_)epartmenl of Kinesiology is a collabt,ration with J;tcqtlt.s Bdlair and Michael Mackey. A stability
lm|versify of Waterloo analysis ,f tilt. differential equati(,ns wich tw(, delays determines when
Waterloo, Ontario N21. 3(;l, ('anada ll,::,pf t,ifurcations .tour. The .it,del for erythrtq,oi_'sis contains longer

|iiroshi Sat,, delays Inlt I,r_,ves to be more stablp than the model for throml, opoiesis.

Machiko Ya|nanl,_to The twhavior t,f the model is coral,areal t. experi.lental data to ascer-
Kazuz(, Kale lain which parameters slay bf, signitican! in certain disease slates.

The ('adiovascular Institnte Jc,s,.ph ,V,I.Mahatfy
.Minato ku, Tokyo 106, Japan I),.parlment ,,f Matb.l,lalical Scie,c_,s

San l)ieg. State I'niversity

_;il'nik.v- Hopf Bifl, rcation Sa. I)i,'g-, (!A 921 _2

\Ve pres,.nt a 2-parantcter |'oincar( • ma t) model|rig a '.li) vector flow l,.ar
tile c(, timensi-n-2 point defined by a ,qil'nikov homoclinic orbit to a On Non Linear Nor'rrkal Modes: Gecxr_trical Concepts

/ixf-d pc,inr undergoing a llopf bifurcation. In one |.arameter r,:gm,t, tt,e and Corr_outational Techniques
map r,.produ,'es (',lendmning and Sparrow's results for the Sil'nik(,v hi-

furcati,)n [.I. Stat. Phys. 1984] while it, another regime il t,r(,vides now This paper is concerned with special F_riodic
resuhs for a small [topfcycle with a global reinjection mechanism. The motions called the non linear normal _.odes (VIMM',

.mp i.-. a.alyzed ti.ding primary h,,moclinic tangenci,'s u, lhc small which have _/aen ocurred in a wide class of
ilopf cycl,,, t'ara.lel,'r delwnderlce of periodic orbits associated with undamped or d_d coupled oscillator's.

tilt.s," _angencws is described. (;Iobal behavior of ii,(. tuh,.--lik_ unsta- We will be interest ]n the use of Poincare map
I,b nlanifcJd of lh,' Ilopf cycle is studied i, depth, analytically a,d

num,,ricallv, locating its simplest subsidiary tangent|es, to study the bifurcations of d'-le (N.M.M.) ' s. _.e
" " applicataon of the hcxnoclinic MelnJkov analysis
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for proving the existence of transverse David J.Uherka

intersections and. the examination of the steady Mathematics Department

state motions with periodic excitations for the Univ ofND
Grand Forks,ND 58202

oscilladors considered. The results are applied

to an exarrple of a non lineal spring-mass system David K CampbellCenter for Nonlinear Studies

with two degree of f_--eedcra. Los Alamos National Laboratory
Jose Map oel Balthazar Los Alamos, NM 87545

Instituto de Geociencias e Ciencias Exatas

UN.SP - C._. 178 - 13.500 - Rio Claro-SP - Brasil A Study of an AlgorithmUsingA Posteriori
Mario Francisco Mucheroni Error for Adaptive IIR Filters

Escola de Er.genharia, USP, C.P. 359 - 13.560 An adaptive IIR filter is a nonlinear, time-
Sao Carlos-SP - Brasil varying system. In contrast to an FIR filter,

an IIR filter can offer a significant reduction
in computation. Unlike most output-error-type

An Investigation of Transverse Effects in the al_oritllI$ for adaptive IIR filters, the
Dynamics of Solid State Laser Systems hxperstable adaptive recursive filter (HARF)
In order to meet power requirements for lunar and algorithm, which uses a posterior! error, is
interplanetary exploration, solid state lasers are globally convergent, but the requirement for a
being developed which will be used for power strirtlypositivereal(SPR) transfer function
transmission from space-based satellite platforms. I$ u.necessary and !@tactical. In this paper,

In response to the need for understanding the a robust and rapidly convergent algorithm for
transient development of the dynamical processes adaptive IIR filters is proposed. Its global
and in order to compute the far-field power dis- convergency is proved using the theory of
tribution of the output beam, a mathematical model Liapunov stability. Furthermore, the annoying
which accounts for axial and transverse variations SPR requtnment is completely removed.

in the dynamic quantities has been developed. The I;uoltang Zeng
model describes the four-level operation of a Department of Electronics and Computer Technology
solid state laser and accounts for transverse Arizona State Universityvariations in the excitation of the laser as well

as transverse effects due to diffraction by the Tewpe, Arizona 85281-6606

apertures of the cavity. The model will be pre-

sented along with general qualitative character- Lie Symmetries for _hree-Dimensional Models
istics and numerical results specific to Titanium

doped sapphire and Nd:YAG lasers. Several methods have been devised fOr

Lila F. Roberts studying the existence of first integrals

Department of Mathematics and Computer Science and the integrability of dynamical systems,
Georgia Southern University as the singularity an&lysis or the direct

Statesboro, Georgia 30460-8093 method. The generalised Lie symmetries can

be used also for finding the parameter

Ew,lution()f2-D Instabilities it* Circular Sh,mr Layt,rs values at which one or more integrals exist

X% I,r,-s,'nl r,'.-uhs ,fian analytical amt n.merwal study ,,f2-dim,'nsi,,nal both for ham! 1 ton!an or non-ham! ! ton!an

r,,tatin_ tluid tt,_w ,4,s+,rv,,d in Sl+,lit-,tisc ,,Xl,,,rim.ms ((h,,maz_,I al, systems. The integrals are found from Lie
.IF-M. 19_. l_7. 115) W,+st,My mstabiliti,+s c,f a 6,rc,.d circular ..hear symmetries in a straightforward fashion.

i:l},'raIldtl.+ir_aluraIi,,tLI+,,liscr+q,,numt,,+rs ofstati,,naryor umiu- We use this method for studying domains of

bllin_ \,,rllc.'s()urmJln.,ricalw,,rk, utiliz,'sa highlyaccurat,, Slwctral integrabi lity for some three-dimenSional

alK_,r,th., -,+Ivln_ lh, Naxi,'r-ht,,k,..- ,:,,tuali, qL_ m al, annular georu,:- models: the reduced three-wave interaction
tr} N,,-slil, }.,,:ndary ,,,.,lili,,n+- ac,' Jmt,,,s,-+d directly ,_-c,,nstraim._
,m 'h,, _¢,rtt,'ll;, whil,, n,, artdicial v,._o,sily is n,+ct.ssary du,, t<_ high problem, the generalised R_sssler system and
(51'2:') r,.s,,l,,tl,,n ,,f _,ur .-in_ llati ,n_ Wt: calc.lato t,if,m:'at,'d ._,lutions the Lotka-Vol terra model.

, xhi},ltillK _u},}iarl|l, qlic iH,,,tulall,ms and transiti,ms t+,tim,+ d,.pen,tont I 1 deu cre Castro Morel ra and Marl a An!ohi e ta
Mal,'s

de Almeida, Department of Theoretical Phys:i

K. B,,rg,+r,,u CS, Instituto de F'{sica, Universidade FedeE A (',, n,ia_-
Pal do Rio de Janeiro, CP 68528, CEP 20240,tni_,,rsiv_ ,,f N,_ M, xi,-,,

Alt,,_qm-r,lu,' NM _717,1 Rio de Janeiro, Brasil.

l_l-o Nat i,,.:,l l.al,,.rat,,r_ Nu.m._.rical Study of Sel)aratrix Breaking ,,t'
lilly- ll_l_lt AdL'_hatic Invar!ants

R, ,-k_l,b I),':t_nark Th,' t,r_,aking of adiabatic invar!ants cau..,.,t by <,rl_its cr,,ssin_ a .tt,x ing
separatrix is studied for art arch,.typical, sh,wly tin.'-del,,'ml,,nt, ,m,'-

Arnold Sausag_+s for the Sawto.th Circle Map degree-of-freedom Item!lion!an syst,,nt. Th,, kn,.,wn analytical r,,sulls
ar+' r,.,.'i+.w,,tl, l;sing a highly accurat+, syml,l,wtic inl,.grati, m ab.',,-

A |,,,-,+-xr, lm,. ]lll+'ar ;l|,_+,r, JXllh.3.!i,,l'l lt: lh+ + ela.'.;SlCal sin,' cir<le ll|ap, f(x) rithm, we have mado l|tnnerical colnlmtati+m.,, ,,f' traj,,cl,,ri,,s cr,,....ilu.1
:--+X "+" a - I, Y'iII(2 |xl X) (lll+,d l} ha+ stable rosollal;C,, rs.gi_ms that can

the sc.paratrix (;ood a i_reOttl+.llt ib f,)tltld J.,tw+.+.n lh,. l|Hl_wric..-,;|lltl
............. " TI. " '

exi'.d irlK theory. "l'h+' lItlllJerics h++vct.v_,rd, +.siI,,lical,' .-,,ht,' addit i,,nal

tIlrlt ,,II! li, J,,+' lIl,'_,r+' Ilk+' "'_.atlsa_<.s. with Ilt, C]e._ 3t which rho tonglJt.S f+,attlr+'s tlot cal;,ttlred by th,. analy..is, na...ly a "'(iiI,l,s IA.'m,,,,,'u,,_('
ha'., + z..r,, width an,l al which lh++ imap re,l.c,_s t,,, lh+' identity llla|), irl the _scillation... ,,f lh<+ adiabatic Invariant. aral syM,.tltatic _+rr,,r.- (,f
()n lh+. crltica] Jim+f,,r lh,+ u_;tlJ, lh,. ('ant,;r ...+q,,f iJarallloter 'V;:I.ILI+"Sfor

the ftwtnula fr,r lh," adiabatic invariant chang,_ ll,+ar its +i.g.larity+
whtch lh,, dynamm_ is chaotic h_u_free!at dmwn_io.,l z++rc,.
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A. R. Champneys Classificati,m of Het_.roclinic _] -Explosion

%chool t,f Xlathen_.atical Sci,'lwes %%',':,n._i,l_.r ,,m,-paranJ,'t,_r |'anfilies ,,1",liff,,,,Im,rl,lfisms _;, : p E lt'
t'niversity _f Bath, BA2 7AY. I;K a ,"l,,s.d surfac,', which llavp het,,r-clmic tang, enci,'.,s at /L= (J and ar.
P {;. Jtjorlh i,,'rsi...t,.ntly h',l.,rl,,dic. -r _.bstabl,, f,_r iz < 0 I:sing, t lw i'alis 'i'ak,..s
Mathematical Institute nt,qh_,,I li] wbich w;c- su('cessfnl f,_r analyses ,,n h,,It..)clinic _L.Xl,l,,si_,..
The 'l',:'chnical I'niversity of Denmark w,' cl:_sify I,it'urcall,,ns wit h _;_-,.xpl,,si,m acc,,rdm_, t- the sig,ns ,f lhc

Ly.igby. I)K-2_(/0 ,q/Cenvalu,'._,,f ts,,':, .'-addh' tix,'d I,,fints. the .'-;id,'s ,,f ta,_,*,ncy and the
IIW_dp _'_f CollllpCtioll. ,M,,re,,-,r, we sll,_w SO[IB" exall|ples of such bffur..

calion.,.; which can b,. relat,,d t,)mmlinear .scillati,,n.,.; in rC.al physical
Helicity in Hamiltonian Dynamical Systems sysl,.n,s
F,,r certain volum,, pres,_rving vector fields u the quantily klu_wll as |_efi.renc,,
t,,tal h,'licily iu. (V x u)dx is an integral invariant for :he syst-m.

in lhi._ i,osl,.r w,. discuss how helicity may be defined and ureter what [1] J l'alis at,i I: "l'ak-I_s. AmJ Math.. 125(19s7). I'P. 337 37.1.
o,ndi/i,-,n._ it is o-,nserved, m ,he general st4ting of tlamihonian dy-

namics. (_r(.,_s helicity, a related quantity, is discussed on the same Kazuvukl Aihara
fooling. We illustrate how conservation of helicity can imply a bound i)epartm,qfl _f I'Zl,.ctr,mic Entr,il,e,.ring

_,,_other quantities of the motion in a nontrivial way. Facuhy r,f l.'mgin,,,_ring
P. (;. Itjorth T,,ky,_ I)enki I'.niversity
Mathematical Institute 2-2 Kamla-Nisikichc,, ('hiy¢,da.

The Technical l'niversity of Denmark T,)ky,_. 101 .lapan

L) ltgl)y 1)K-2800 ,s'htn h'.'tkt

M, E. (.;linsky I),,l>arl.men_-f Slat hematical Hcienc,,s
I.awrenc.e [.ivermor,, National l.aborat,,ry 1,-402 Faruhy of Scivn,'e aral Engitw_,riag

l.iv,.rmor,, ('A 9.15:',0 'l;_ky,, [)eBki I'niversity
11 ;,tt,t_yalna, ,qa.it alHa. :J;_O-03 J ;t|>att

Bifurcations and Stability of Motions of One Mechanical
System On The Dynamics of Some Endomorphisms of The Plane

The analysed system is a rigid body, suspended on a pivot- We study a class of mappings of the plane which

combination of pendulum and gyroscope. Experiments with may be viewed as geometric analogues of untmodal

suspended rigid body, connected with investigations of balance, mappings of the real line, The geometry of the

tether, parachute systems, have shown unexpected step-wise maps, that is, the singular points and singular

changes of stationary motions, values, constrains the dynamics. For example, the

In this work the multi-dimensional surface of stationary motions in region enclosed by the singular values serves as

the space of system's parameters was examined. The obtain_ a trapping region for the dynamics while the
number of cusp points constrain the number of

singularities of mapping of this surface (the type of assemblings attractors, For large parameter values the

and foldings) determine bifurcations of the regimes and changers dynamics, on the invariant set, is conjugate to

of their stability, the shift map on infinite sequences of 4 symbols.
The used method allows to analyse only the limited class of

tndur Handhyan
motions, though get)metrical approach gives an integral view on Philips Laboratories
this class, information Sciences

345 Scarborough Road
Tatiana A. Dobrinskaya Briarcliff Hanor
North-Western Polytechnical Institute Ne_ York 10510

of St. Petersburg

Department of Theoretical Mechanics
H01turina st.5. Nonlin(.ar Oscillation and Chaos

St. Petersburg, Russia 191065 in Backward Four Waw_. Mixing

The four wave mixing intoraction +_f'two cotmt+,rl,rolmgating pump
wav.,.s, t_t h ,,f fr_,qw'ncy ;,.'_-).and l,r_,be altd signal waves, of fr,,qu,,ncy

Fractal Structures on the Viscous Fluid Surface _,, -. _ and .,:. + ,,_. h;_s been studl,'d. The prolfl,'m is of inlerest in

int_,rlial c¢,ldiw:m_nl fusion. ,ptir'al pha,_e c,:mj_lgatiotl al}d n_mlinear
The stability of viscous fluid surface in case of external diffusion til.,r ,,plies. lt is a simplifi,-d model :,f tit,. transverse modulalional iii-

mass flow is studied. The evolution of fractal structures arising s_al,ility ofcoutflerl)rOlmgatlng light way,,,,. "l'hr,,retical a_tl numerical
on the surface is analysed. This research is a naturally stage of r,..,uhs fi_rthe spatial temporal evc,l,li,n of each way,,, including non-

fractal hidrodynamics. Im,.ar .'.alurali_,n. I,eri,_,li: os,filla_ion ;u_,l cha,,tic I,rbavior. are given
The method of solution is based on description of pressure as a fbr s,.v,.ral difl'or,-n! param,.t-r r_-gim,s A k,,y i.ssu,, _t) I,,. r,.solv,.d

projection of generalized function with a boundary carrier on the is hc,w tJw systpm d,,{ermitws ils dymmlical I,,.havior wh,.n there ex-

subspace of harmonic functions. For the present the method isr s_:,,.ra[ pt_s.,,it,l,, sb.ady stat,,s, as ts |}lt' r;ksp f,,r pump inlonsi_ips

allows to examine only plane flows. It's variation formulation is ex,'e,dinK lh,,ir thr,_sh_ld v;tl,,.s fr,r al,,_.lul., mslabilty
expected to make it possible the three.dimensional flows analyses. .I I.i ¢' .I. McKins_ri,,

This work represents non-trivial example of fluid flow with I.al,orat.,ry f,,r l.a.s,.r I'ht,.r_i,'s

- variable boundary smoothness and connectivity. _.--,I,I'_a.,_Riv,_r R,,a,t
}{o,}_,.slvr. NY 1,1!723

SergeiA. Chivilikhin
"Quarz" Corporation hwariant Manifid,ls in lt.m¢_g,,n,,,ms (?i,.micai Kim,ties

= Piskarevsky 63 variat: =t=:tnlf,,i,I slruct,=r .... in rh,. (:mt,,n,,n_,,=s_ {)l.l[_.,-,,,f ch,.mical

St. Petersburg, Russia 195273 i,llz3ll,,.! k_n,.l_,- lh,..., ==t:m=f,,I,b.f,,r_t ;_ n,._l,,t hl,.r:tr,h3 iii f,h:c_,.
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spareand arethestablefixedpointsoffunrtionalequations deriw'd The noveltyofthispapersapproachisintheuseofthe
from the OI)Es. The goom,.qryof this hierarchy controls chemical re- "mot)re-penr(me"inver_ to findan "optimalcontroller"which
luxuries, and the corresponding formul_ suggest the best experimen- generates optimal .,_luence of state vectors and the
IRl con(titions for obtaining rate constant infi_rmation. We describe performance index is minimum.
the stability analysis, bifurcation structtlre, perturbation theory, and AIRAI-Humadi
computer algebra manipulations related to determining the mantle)ld
hierarchy. DepartmentofMathematics& Physical Sciences

• Embry-RiddleAeronautical University
Simcm J. Fraser 600 SouthClyde Morris Blvd.
Imw.rsity of Tor,>nto, "l'_ror,o, ON'I'_ Canada Daytona Beach, Florida 32114
Marc 1_.Rc,ussel

I:niw,rsity ,:,f 'l'or_),ltc,, Toronto. ONq', (:anada Stable Invariant _nifolus

_he theory of invariant manifolds plays
Chaotic Behavlorln a "Prey-Predator" Model an Important role in the study of dynnm-
The real observable dynamics of biological objects development ic_ of nonlinear systems in finite or in-
often demonstrate a chaotic behavior. What is this stochastic f_nite dimensional spaces. Knowledge of

behavior caused by? Is it a result of inner motives or connected the invariant m_Luifolds of a dynamical
with the inaccurate observations? According to the report chaotic ssstem as well as their respective ntable

and ul_stable manifolds is not only of in-
behavior is a result of the interaction among inner periodical terest from a qualitative point of view,
dynamics of biological system and periodical changes of external but can lead to quantitative results, In
environment. The mathematical model of"prey-predator" type was fact, by restriction to an invaritult ma-
used for verification of this hypothesis, ni fold, an original system is reduced to
The arised complex regimes were examined by the calculations, lt a ..ower-dimensional one which may be re.-
is illustrated how a frequency spectrum is changing and 1 _cively simple.

aperiodical regimes are developing. In the present lecture, we show that,
without much additional efforts, the re-

Gregori Markman suits of O. Perron (I930) on the stability
Department of Mathematics of perturbed linear systems imply most of
RostovUniversity the geometric results on stable manifolds,
Engels,105 hyperbolic sets and the like which are
344006 Rostov-on-Don. Russia known until now.

Zhivko S. Ath_massov

M()TION OF" ENERGY EIGENVAI.UF I.I_VEI.S Institute of Liathemt:tics
Bulgarian Academy of Sciences

1t_ IL, _ .kl' _ ;, ._.vmm,.ttw ,, × T,multi×. Assume tA;tr the eig,,nvahws Bulgaria

_lf H.k ;til' Itf)ll ,l_'K('l_eratt _ I._.t {_;(Ii . j :: l,... ,,_} 1_" lhr" I'lgl'llVlW.toFs

''''' I _t;__F__ I_ _ ...... _ t''' tA'' ''ig''"'''l'"'_" 'li"''' '""' """ 't''i''' _''' Theoz'etical and Experimental Investigati
;,,*t,_I,,,1,1,*,*_,_','_tt'm (ff ,,[dinary diff,'rential ,'q,mti(ms ' f_,r tA,' eigenvalues on of the Powerful Acoustic Pulse

E,,r>.)a,t,I ,h,. ,,m,,,.,: ,.I,.,n,.,asl',,,,(.k)_-.: (,,,(),),I',,,(A), wh,.r,..\ ls tA,, Propagation in the Atmosphere
m,lel,,..ml,.n_va_ial,l,,and (.) ,I,.n_,te_tA,.svalarIng,ductmtA,.,*dimensi,mal

Recently, a new direction in the atmos-
_:,,,.I,,_,.,,,,_p.,.,. w,. ,_,._,.,i_,,..,,,.x,,.,,_i,,,,,,, .yt,,t,,,.,,i,. ,,,.,,,.,.._ ,,f,h,. f,,, pheric acoustics is intensively developed
f,,,,,, llx It, i ._,1', _ ._l',, It_ : If, , Al' _ .VI" and h'_, -. I1,, _ - propagation of powerful acoustic pulses
h_['_:,/,_:_v, Such pulses permit one to make atmosphe-

ric sounding, to define the fine structu-
nErEiU.:N(;ES re of the temperature profile, to define

I w _i s,,.,._,. "H,II,,.,, ._p;,,-,._.(;,.,,,.,._,_,,,if,,,,,.,i,,,,., ,,,,,_t_,,,,,,,,,,,,M,. the velocity and direction of wind.

,.h;,,,l,.,." I_iht,,,t,,,,,i,h,_,,.h,._, l,,,.titut. M:,,,,,I,,.m,,1991 The paper gives the analysis of works o12
u" _ s'r_.:_:_ propagation of powerful acoustic pulses.

The main attention is paid to mathemati-
I),'l,;,_m, nt ,,f Ai,pji,.d .M;_t}_em;tti,._ amt N,mli,.';,_ 5tu,t,._,

cal description of nonlinearity effecting
J_;,,,,_A_,_,:,,,_ _',,,.,.,_,t:...p()m,× _',_,_ on parameters of an acoustic pulse.

I,,l,;_nn,',l_,l:M20(J(i. 5,,ut}_Afii,a

A recently developed source of acoustic
pulses is described which is based on

.MinimumEnergy Optimal (",,ntr(,I fi,r i.inear time-invariant detonation of petrol-air mixture in
discrete-hmesystems semi-closed volume. The results of

(',m,ider the tlme-mvariant descriptor system ti x_k,i_ experimer, i,al investigations are given.

Axgkl _ Bu(k_.E andh are not n,x'e_sarily squarematrices. Fridman Veniamin Efimovich
{he problem i_this: lind an input_equent:ewhich will drive
x(k}tram a g_venx(O_t. a des,red "Final Veer,r" xfN) ina Radiophysical Research In_i tute,

g|ven numher ,,_ steps N while mimmlzing the Eizhnij Novgorod, 603600, I,yadov Stx'.P5

N- 1 Russia

1 E U T(k)u('k) by tw,, methods using
_,,s, J.(u) 2 k-0
lhc "m,.,re-penr-_'" inverse in one and _plimal c_mtn,I th_'_rv

,n the other.
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,. _.mc.tr.,oRm,,u m. r_ or.m._zxr_or_oFUtrLT_OB_.cnv_Rotrr_ Vary'many new systems arise lhis way. Ali these
_oa_.Ms systems have a L.axrepresentation and can be solved

"lh=.'_,=r,,=c,_ple_yofn_b==,.,=.f,,:t,=,_8,y=,=__vus),.a= rh,.,=_h f_ by the spectral curve method.The general method is
=ot=_,,,=tor,ro=,,pa,,,_,,_a=,a=t,,_==,0'Pst_,,mo,_,.u,=_ illustrated by the KdV hierarchy example.

O_mlU=tao_ techniques _ uaed to add."_a_me tylm= of l_lem= include Lnmgct
Stefan Rauch-Wojciechowski

programming, dynamic pTt_:rtmming and, mot_ recently, fuzzy loft,le ,,ppro=¢h¢=.Unfortunately

th=c ma_'mdstied mb,neorne unwieldy madmcfrtcic_t whm detlintl with Itrlk,Cr_tin I networks Department of Mathematics
LinkOping University

rh.,..... f.t_,ofFMs. 581 83 LinkOping
This i'_p'=r formal,t,-= the FMS-PPSP ru_t *= a maltiobj=ctive matins n=wodt =mr , SWEDEN

rh=la'ixmethod. Sul_equc_dy, a din_l mMom_d _mique - known _ • 8eneu¢ IdSotithm -

•daple..d to Fred the opuma! l_th within the network. In order to meet the problem domain

mqairmne,nls, nowJ ol:_r=torshaw bean introducedto modify the genetic-Igotithm. Bubbles and Drops Soliton Solutions in the.0_-Field Theory
The ftm¢l=met_u=lme,r..hanisn_of imedc algorithm= tm borrowed from the c_eeel_t=of

.,,.._ ,.a_,= ,_ .a,=-,__==,---_== th.... "r_ ,b,,_,_,o_,,,,Ue.=,li...,h,,_o,=, We have studied the.8_-model in the parameterdomainA > 1. For
r=_s_ =0o_o_.o_=u_,u ,,=uu ,==_.=_=.,,a,__o,_a,_=,op,_=rh=_,_,_, ro,a= thiscasewe havefound out a new type of solitonsolutionssuch
=,_,,=,_p,_t_,=e_=, _,_,_t= lo,=== Prep. kinks, bubbles and drops. The investigation of these waves around

"r_,_,a._,,,,ofo_,o_,o,,_,,,, ,,=,a_=,_=,p,_,,_,_.,, _=p._,= = t,==,or the stableminimum shows that the soundvelocity provide a rigid
,,,_,==, _d_,.,==o_=,=s,=_=to,s_a_,,t_,=,,, constraint for these oscillations to be or not to be stable. This is

We _m:_ that this new a).eotitlu_ al,odd have mpe:nor p_formance characteristic=when the question.
compan_d to other available t_hniquel, pa_cularly a, the syst_nconsidered beom_m inc'reasin_y

mote complex. The ,lgorithrn can also be profit, bly ,dapt_ to pmblm_ in conm_maiestion .. well Maximo Augusto Aguero Granados
,, _..,r.,,,.,,a=,,,_.o,_, Pontificia Universidad Catolica del Peru,

SeccionFisica
I, Babe, Awadh. On=du_t=Rme,arch A=,i=tattt. Dct_rtmentofMedumical _d l.ndu=ta'ial

Enl_g, Univmity ofMtnitotut, WinmpeB,Mattitolut, R3T 2N2 Apartado1761
Lima l,Peru

2. Narimtn Sepchn, Asai.=t=mtProfmmr, _rtment ofMoehamcal andlndmtri*l

t_,,=_a, u,_,,=.,_,yorM,,_,. w,_s. _,t_,,_a.R_Tz_2 Viadimir Gregorevich Makhankov
3, O=tap llawal,.-_,. Profe_or. l_mt a M_ctami.l _mdIndu_ri Ensin_zini_ Joint Institute for Nuclear Research

Univmity of MamtrA'>a.Winnipeg. Manito_, R3T 2N2 LCTA, Head Post Office
P.O. Box 79

The Dynamics of Electrostatic Discharges Dubna, Russia

Electrostatic discharges do a lot of damage to electronic
equipment, aircraft, and buildings. Gaining a better understanding Anchoring of filamenLs by localized inhomogeneities in 3D
of discharges is paramount to developing methods to protect Excitable Media
against the discharges. The discharge process is nonlinear and the
free,al nature of discharges is very evident in lightning. Experimental studies in thin layers of cardiac muscle have shown
Traditionally, the discharge process is considered to be random, that filaments of spiral waves can become anchored hy localized
We have built an electrostatic discharge system that computer inhomogeneities such as thin arteries or small areas of damaged

tissue, lt has been proposed that this phenomenon occurring in 3Dmonitors the time of the discharges from a Van de Graaf generator
cardiac muscle tissue may underlie dangerous pathoh)gical heartand plots a return map. We will show various return maps we

have obtained from the experiments and talk about the system rhythms. Here we use a computer model (implemented on a
nonlinearities. The motor speed and discharge gap are variables parallel computer) to study the dynamics of anchoring in 3D. Wefind that when one end of the filament is anchored, the rest of the
in the experiment, filament continues to drift, and often detaches from the anchoring
Randy L. Haupt and Christopher J. McCormack point when the filament tension exceeds a critical value.
Department of Electrical Engineering
DFEE Michael Vinson

USAF Academy CO 80840 Department of Physics and Northeast Parallel Architectures Center
Syracuse University

C,ml)utati(mal Analysis ()f a Bursting Nt,ltr.n M(.h,I Syracuse, NY 13244

A ill;lth,,lll;llarallr_(,d,'lf,,r I)ur_tillg ..,,rill;t!i,ms i_lm.ur()n l{I5 _,f:'tl)iy._ia Arkady M. Perts()v
i. i,r,,_,,_:,.,l 'lhi._ m,,t,,I c,,llsists ,_fl,'ll r,,ul,l,'d n,mlip_'ar ()DEs whr,s,, Jose Jalife

lIHt,' .',,'ab-.'.vary fr_,m _mllis,,,-(,mt.,,lc, ,,Pc,,ll(is. Th,, i-.,h;t.s,i_laHe._olu. Department of Pharmacoh)gy
li,m._,t)if!_rratl(,zl_a_d wavof,)rm._ar, sludivd Al)t)lica{io_l(,f rho ro'u.. SUNY Health Sciences Center
r,,tralL,.Hlilt,r _.,-r ,l,min. whi('h i._ kll_Wll t_ ha','_' lll_,ditllll-tVrlll Iil_(t-

_lat,,ry ,.fl'_.,-l_ ,;_1 1(15 _ siHlulal_,d arid tt_ ,,ll'-,'l _n lh,' I,HrstiliK i_ Syracuse, NY 13210
m/sJ>z.(I 'lh,'r"_t"'",_" ,,t lh, ,*::.h'l _,'ur_,, t,, ,'lassical sytlaldiC ill-
I,_1_, I,,,th at r,,i:r,,[ a_,t I_ th_' i_ro,_,t:,, ,_fs,,r_t_,Hil|,is iHVo._tig,:O,',t Applications of Dynamical Systems with Controllable Memory

H_,-h;tr,li'h.r_r:t_t, Dynamical systems with Controllable Memory are described by
I),,I,ar_ H,'_ ,,f Nlath,.IH;t!i,'saT|,l integral Volterra Equations 0VE) with unknown lower integral

%,]l),'r,',,_,l,Hl,.r( ',,Hq)utati,m._l(,.sr, ar,'h [_,_titt=t,. limits Z(t)<t. The quantity t-Z(,) is called the system memory.
Fl,,rida _l;tl,' I'His,.rsitv 'lallaha.,._,.,. l"l.

The bulkofapplicationsofsuchIVE isa modellingoflarge-
scaledevelopingsystems,consequencesoflargetechnological

RESTRICTEDFLOWSOF SOLffON EQUATIONS changes and industrial programs, technical rearmament,
"A Golden Key"for Constructing and Solving Physically development and renovation of industrial andeconomical systems,
Interesting Integrable Mechanical Systems modelling of technical progress and work's periods of' industrial
Restricted flows of soliton equations provide a simple powers and equipment. Similar equations occur also in fluid
and effective way of constructing integrable sets of mechanics with moving interfaces, in ecology when studying the
Newton equations or integrable dynamical systems, variable life span or reproductive age, etc. The ,,_d,uds of _tic,'_
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IVE research are developed. The turn-pike theorems for optimal hysteresis and bifurcations 'for instance transitions from periodic

trajectories Z(t) are proved, to chaotic motion, wflh a broad pyramid shaped spectrum around

the driving frequency. A nonlinear symmetric standing wave el
Juri P. Yatsenko

Doctor of Science, Head of the Laboratory the nondriven string forms the theoretical 'backbone' for these
Institute of Cybernetics phenomena.

Ukrainian Academy of Science Thee P Valkering
Laboratory of Mathematics Modelling in Ecology

29 flat, R. Roilan Street, 4-A, Department of Applied Physics
Kiev 252162, Ukraine University oi Twente

PO Box 217

First-Order Analytic Approximations of Orbits on the Invariant 7500AE Enschede, The Nelherlands.

Manifolds of the Forced Duffing Oscillator

First-order approximations of orbits on the : 'riant manilblds of C.ntr_dlin/4 Infinil_, l)im,._,i,,,ml Sy_,f_.,,_ l';xllil,i_iJ,,t., ('hnc,tic

the harmonically forced, undamped Duff _ aor with Dyn_mfic.,,

negative stiffness are computed. "['he a" ,uti,ms are then lt i., t'r,.,lU,.l_11y,I,.,_irahl,. I,, ,',nklr,,l ;tsx sl,.rll , x,,Ix ill_ , 1,:,,,I i,':,llx t,,

used to prove the existence nf trans, ,uclinic intersections ,.xi,ii,it ;t r;ti_g,,. ,,t .,,lal,l,. i,_,ri,,,li,' |Jl,,t_,,it., xvi_la,,ut I,rul;_ll 3 ;_ll,.rlnt.,,
..... '_'_

in the Poincare' map ot the tel'ce,' \.'._ without resnrting to lh,. _,,+,_t+,t+J:_i I+;tll,I \V,. i,r,...,,.nl a wt,.,'h:mi_l_J whi, h l_ , :_l,:tl,t, ,,f

Melnikov analysis. In principle _,'7' .ysis can he carried to <,_,,Ir(,llh,g a ,'ha_)li,' ..,y,,l,.Jll I,,,,_i,'s'-,illg ;li| ;||hilt;ttiJv hiZh: I .....,_Jl,l_,In

higher order of approximatic _"e" . behavior at infinity of finit,.. Imlr_her of d,.gr,.es ,,f Ir,.,.d,,_ lhr,,uKh snmll I,,.rlu,l,:t_i,m_ tn ._
ac(:,'s_,il,l- l,aran,'t,.r. Sl,,citic dly il _,, ,d_,,wn ll,,w ulr, l_tl,I,' I,,'t i, ,,li:

certain particular solution' aetermined. To the author's _,rbit_, e_nl,,.dded in a cha,_tic ;t_'racl_,r can I,,. ,.1al,ili/vd ,li_,., _ly tr,,_
knowledge the exact first o, analysis of this work has not yet -t ._,'a]rtr 1i1_,. s,q i,:_, _ ii h_,,t ,'t._lllllillL_ .:til}"kn,,_l,',l_, .... f t l_,. _,l,.i-

appeared in the existing literature. I.vin_; dyn.tllli,al eqll;tljr,l_s. I'_,'vi,,u',ly, r,,Itlr,,l l,r,,c,.,lur,... In',,,lvi_lg,
l);trall|eter ppllllrl):ttJol]s I_a'¢e I,,'pH ,i,r_i'.,',l ,,ni3 f.',r l,,w-,li_,.m.i,n_al

Alexander F. Vakakis s.w.l,.,_.,, L\'en il_ such ,'a.,.,.,,, we sh,,w lh:d the ,l:fla r,,l_)i_,.l_,q_t_ ,nl_

Assistant Professor I,e .,.i_nifi,.a|_tly r .,luc-d u,dng our n,.w fl,r_lmlali,m

Department of Mechanical & Industrial Engineering l)_i!z.;LA!p__r_t,a__.:l__'_, (',:1,_,, (;r,,l,,,gi'" _'_ Ihlwar,I f}t_ ..... ' a_,l .la_,.s :\
University of Illimfis at Urbana-Champaign Y,,rk, :_'', l'_iv,.r-._t_ ,,f Maryl;tn,t, (',,ll,._.,. I'ark..MI_ 71_71'2. I 'q..\
Urhana, IL 61801

(,) l.al.,r;tt_,ry f,,r I'lasll_:t I{.-,,,ar,h

l)ynamics of the Great Salt Lake :rem its time series (t,) I_s_i_ul,. I,_r I'lLvsi, al 5,.l,.m,.s aral 'l,.,hn ,I,,;r3 :,t,,t I), I':,_'I,p_: ,,I
._1 ;tl h,'lll;t! I,_

The volume and salinity of the Great Salt Lake undergo I,.i I),'l,arl_,qd ,,f I'hysi_, :ttt,l I),.i,:_Jt_:_,-_l,,f 1.1,, I_i, al i_ ,:i_J,., _ _,,

significant, persistent variations, and reflect an ;nterplay of

climatic and hydrologic forces. Recovering underlying dynamics

from nuisy time series is particularly challenging for natural An Investigation of the Etre_t of l)am_rs on the Response of u" ltarbour to Incident Wavt..s
system,,, where the underlying physics is complex. An

identificatitm of the underlying dynamics is facilitated by an The anchorage of ships, buoys and other vessels in docks and

interpretati_m of Taken's Emhedding theorem in the context of harbours must he done with guarantee of safety of this equipment.

Mark_w Prucesses. We propose a multivariate, nonparametric The analysis of the response dfa harbour to incident waves is

appruach for the estimation of probability measures, dimension important for this reason.

identificatinn and prediction. An application of these methods for It is known that sometimes the response of a harbour to incident

identifying dynamical regimes of the Great Salt Lake, as well as waves is frequency dependent. The ship and its mooring lines

sh_rt term fi_recasts is presented, constitute a dynamical system and for certain frequencies of wave
incidence resonance can occur with much navigational hazard.

Upmanu l.all, Taiye Sang_y_mi However, the placement of ce_!.ain structures referr_ to here as

Utah Water Research l.ah_rat_ry 'dampers' can lead to significant attentuatiun _1 the surface water

t_tah State University oscillation. The aim of the present paper is to look critically at the

l_t_gan UT 84322-82fKI mathematical analysis of this important problem.

Ken l'l,_sw'_ rth Jacob A. Alabi

Chesapeake Bio,logical l.ah_ralory Mechanical Engineering Department

t:niversity ,,f Maryland Rivers State University of Science & Technoh_gy
S,,l(_m_ms MI) 2(_$88-(K)38 P.M.B. 5080

Port Harcourt, Nigeria

NONTRIVIAL DYNAMICS IN A DRIVEN STRING WITH IMPACT
Van Der Pol O,cillat.r: B_;havi_r Under P,.ri_,,lic

NONLINEARITY and Quasi-p,,riodic Excitati,n,

Consider a siring wilh one end fixed and file other end forced lo We present a delaib',t illveMigall,_t! ,;f the hph,:tvi,,r _,f ;t _;_t_,I,.r I',,I

n-love periodically transversal to the string A stop is positK)ned t_kcillator .,,ut_j,.cle,| to I,_'riodlr ;m,l ,tu:u,_ l,,.ri,,,li, f,,r,_ _,._,, \V,-

near II'le siring, so thai the dynamics become nonlinear when inw.stigat_, tirol the paramet,.r HJar- f,_r winch , h;t,,fi{ t,,.h;o,l,,ur '.'.';Lh
r_,cently reported fl_ra van der l'_,l _mcill;tl.or e×cil,.d I_'_;t I,'r=,,,ll, t,,r,,.

the siring hits the slop Experimentally and analytically some ,,f LI'l,, gplleri¢" type Aro_(,vlt) A k,,) p,,illl i% I,, illV,.!.,llK;ll,, h,,'A' ;t!

aspecls of the planar mohon are mvestigated with the driving tr;tctt,r.,, ,'hang,_ a.sf!lllr'li_r_.'_ ,_f Iii,-,h||,.r-n! I,,,',.,,_l,b'r,.lal_,,tL- :t_,m_,

frequency around the lowest resonance oi the r_ondriven string th,. aut_,l,,.rlodic .v_):_t_dti_e oxt,.rnal . i I,uls;tl_'m" I, I,art_, ular w,
IllW'f'_.tl_;_.l._" _'ffe'_'th of qll_t._l..r¢._or|al_t oxcilallOll ;-t._, vv,.lla.,. I,,, l.,tlJt' ,.t[,'_ i-

Varying driving frequency and amplflude one observ_,s f,,r d_ff,,-rent ,togr,.e.:,,_,f appr,_xirl_a_l¢,l_,,f ,.,-,_/-,.11,5 ralJ,,n:ti t_u_r_t,,.r.,
_
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In add|tit:m, we present a detailed investigation of the effect of driv- Chaos Due to Homoclinic and lleteroclinic Orbits in Two
ing the same oscillator with a quasi-periodic bichromatic excitation Weakly Nonlinear Coupled Oscillators
characterized by -.-'l and _,_ a-s well ;Ls ,,f driving it with a i,.riodic

We show that chaos arise in two autonomous quasilinear coupledLilt complica,_, meromorphic function. Qua-si-periodic excitatiofl w.'..t._

recently rep,._rted t_, "reduce" chaotic behaviour of a van der Pol est|i- oscillators when nonisochronism, the dependence of oscillation

later. We show tha _,such changes are not due to qua.si-periodic forcing frequencies upon amplitudes, is included. [Phys. Rev. A 44, 3452
but are als,, I)r(_sc-tltunder periodic excitation. In summary, we identify (1991); 43, 5638 (1991); in press] With either coupled active
which phenome,a are typical of periodic, meromorphic or not, and (,f modes or coupled active-passive modes, the strange attractor

qua.si-periodic excitation, emerges from homoclinic and heteroclinic orbits biasymptotic to

Andrea R. Zeni ¢_'b) saddle-focus equilibrium points. Thus, analytical methods that we

Jason A.('. (;alla.s la'b:l have employed to locate the parameter region where such orbits

(_) Institut,:, de Fisica da I'F'R(;S, 90000 Porto Alegre. Brazil. form are also useful in identifying regions where chaos is
(bl Laborat6rio de (_)ptica Quantica da I;FSC, probable. Some chaotic attractors develop from orbits with very

8804[) Florian6polis, Brazil. long periods, which resemble tori but appear to have a heteroclinic
tc) l,aboratory for Plasma Hesearch, University of Maryland, origin. This system also displays novel three-frequencymotion.

College Park, MD 21)742.

Ma.rim Poliashenko and Susan R. McKay

Department of Physics and AstronomyThe Parameter Space of Codlmension-two

Dynamical Systems University of Maine
Orono, ME 04469

We investigate the parameter space of codimension-two dynamical sys-
tems. In this space we classify each point according to whether tra-

jectories start|ns from them evolve to either stable attractors, chaotic Structural Stability and Complicated Behavior in Functional

attractors or to the attractor at inlinity. Such cla.,,sification provides Differential Equations
a three-color map of the parameter space where it is possible to see
a number of periodically repeating structures a.s well as sharp lines Several examples of complex behavior for Poincare' mappings in

FDEs are known. The functions on the right hand side of the
attd corners between borders of parameter-ba.sins corresponding to the
different types of attractors. We investigate the dynamical rea.sons equations are smoothed step functions resp. a sine-like
for s,ch structures antt discuss features common to sorne familiar cod|- nonlinearity. In ali these examples, the 'chaos' is due to the

mor;sion-two dynamical systems such a.s the 11enon map and the forced presence of transversal homoclinic points.

!,,-,d,lum. Using a generalized theory of hyperbolic sets and a statement that

Jason A. C. Galla.s lab_ links nearby equations to nearby Poincare' mappings as tools, one
Celso (;robot| eh:! can prove a structural stability result which applies to the known

J arn_ A. Yorke _¢1 examples.

_) l.,aborat6rio de ()l_,tica Quantica da IrF,qC, 88049 Floriandl, olis,

Brazil Bernhard Lani-Wayda
b) Lab,:,ratory fl_r l'la.sma Research. Univ. of Marylaxld, College Park, ETH Zurich

M[) 20742 Forschungsinstkut fuer Mathematik
r) Instituto for l'hysical Sciences and "Fechnology and Department of CH-8092 Zurich

Mathematic,;, University of Maryland, College Park, MI) 20742 Switzerland

Global Asymptotic Behavior of Some Iterative Implicit Large Numerical Study on the Homorlinic Orbit of Nonlinear

Schemes Seh;_rdinger Partial Differential Equation

The global asymptotic behavior of some popular iterative In som_: near inlegral,le I'I)E, such a._ sme-(;ordozt ;rod mini|near
procedures used in solving nonlinear systems of algebraic Sch(irdmg_.r _,quations. thor(. ,-xist spatial coh_'r_-)Jc_,and temporal chaos,
equations arising from implicit Euler and trapezoidal formulae is .xlany evidevtcr.s show that the t,,mporal chaos is 0tu. lo the existence of
analyzed using theory of dynamical systems. With the aid of a |,omoclinic orbits in the systems. Particularly, i_ nonliw.ar Srhbrdinger

parallel Connectin Machine (CM2), the complex behavior and i'l.)l_, a pair of homocliltic ,,rb|ts play a cent,.r role of tlw temporal
sometimes fractal like structure of the associated numerical basins chaos. In this study, we usr. rmnwrical m,thods to invest|gal, this pair

of attraction of these iterative implicit schemes are revealed and of h,m:_clinic orbits. I_wl,r rh, g_wtarwo ,,f tlw mm_,.riral r,sults, using

compared. The results of the study can be used as an explanation oi|wr analyli(-al m,:th,,,ts, s,rh a.,_.'d_qt_ik¢,vf_mrtio_ and ,djJgular per-

for possible causes and cures of slow convergence and turbat i,,n. w, ar, ahl, to prove lh,. ,xi_,t,uce of this pair of h,,moclinic

nonconvergence of steady-state numerical solutions when using the ,,rl,it_.

time-deper_dent approach for nonlinear hyperbolic or parabolic ('h,_v,. X i,mg
PDEs. ()hi;, .qtat,. lni_,.rsily

l),-l,arl m,._d _,!'Mat h_.matics

H. C. Yee 2:',1 W l_.th A',,qm,.

Fluid Dynamics Division (%lumbus. (.)tt ,132Iii- 11(11
NASA Ames Research Center

Moffett Field, CA 94035

P. K, Sweby

Department of Mathematics

University of Reading

Whiteknights. Reading RG6 2AX

England
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exact reduction of a partial differential equation to a set of
..._M-q 22 ordinary differential equations. The latter is finite if the linear

space is itself of finite dimension. Using the Kuramoto-
Sivashinsky equation as an illustrative example, we show that
a slightly more severe truncation, excluding minute energy
scales, may lead to erroneous results, the solution being
attracted to another limit set. In our examples, the right

Speaker: George Sell dynamics is recovered by modeling the nonlinear action of the
University of Minnesota small energy modes via an approximate inertial manifold

technique. Our computations reveal that the inertial manifold
approximation is superior in a BOD space than in the Fourier

No abstract received at press time, 8 /31/92. space in our example.

Nadine Aubry and Wenyu Lian

Benjamin Levich Institute and Department of Mechanical
Engineering, The City College of the City University of New
York, New York 10031 (USA).

Tile Meaning of Different Length Scales LOW and Not so Low Dynamical Models

in Turbulent Flows Canonical fluid problems such as Benard convection

The topic of this minisymposium is that of low dimensional reductions (a supercritical closed flow) and Poiseuille (channel) flow

of PDE's using inertial manifolds. In greater generality, the idea of (a sub-critical open flow) provide excellent testbcds for
what 'low' or 'high' dimensionality means in a PDE has various mean-
ings: some detinitions of dimension may pick up the gross features ideas and techniques arising from chaotic dynamics.
of dynamics on an attractor but may miss information if the flow is Based on physical and computational experiments we
intermittent. In this case, one may need to go down to very short have a sound, if somewhat incomplete understanding of

scales indeed to resolve tile dynamics fully. We discuss ]low different the mechanisms inherent in these flows, rangillg from
definitions of a 'natural' length scale can come about and use vari-
ous examples to show how these can occur naturally out of tile PDE's transition to turbulence. Accurate inforlnation on such
themselves. Only one of them fits closely (but not completely) with the diverse measures as spectra, fractal dimension mean flow
definition conventionally used in the statistical theory of turbulence, quantities and fluxes are available.

We consider how these definitions of a scale fit with those that can be For these cases it has been suggested that coheretll
cotnputed from tile attractor dimension and the number of det.ermining
modes in tile cas_ of the 2d Navier-Stokes equations, structures are present and play ali essential role in the

Prof. J.l). (;ibbon dynamical processes. Each case has produced dynamical
t)ept, of Mathematics models of varying complexity and with the suggestion
Imperial ('olh._,' that underlying mechanisms are revealed by these.

180Queen's (;ate Using the empirical eigenfunctions (Karhunen-Loeve)
L,)ndon SW7 2BZ, UK as a basis, hierarchical models for these and related flows

will he considered. Various claims will be assessed on

()n Wawdot PrtJjections of an Ew)lution Equation the basis of the degree of physics that is captured.

Taking th_' Kurantott)-Sivashinsky equation in one sl)ace dimension a.s Lawrence Sirovich
an _.xaml)h' and using p('riodic spline wavelets, we obtain ordinary dif- Professor of Applied Math_tatics
f_.ronlial _.w_,luti(:,,e,luations by t)rojection onto a sequence of tinite Brcr,mq University
dimensional subspaces chosen to contain the dominant energy bear- Providence R.I. 02912
ing scales. W_' ns_ lh(, spatial h)calization properti_.s of these I,asis
functions to furthest exlract aspatially "small" subsystem. In st) d(,-

ing, w,. ,,,w,,l,,p a to,,I t(, address the linear an,l no,di,war interactio,,s MS 23in I,,,th physical spa,',' and ',vavelmmber space (scale)involw,d in the
"'turbuh.nc_/" ¢,xhihil_,d by spatially extended systems. Wo also con-

sid,-r modelling issu,,s such as accounting for neglected small anti large Application of Dynamical Systems to Information Theory
._calesand physical locations. (),r long term goal is to illuminate the

m,,delling ,,f tl,id turbulent,. I,y r,dativ,,ly low dmmnsional dynamical Ideas originating in Shannon's work in intbrmation theory have
S)OS_r''' t_S" arisen somewhat independently in a mathematical discipline called
I'lLi_!jJ2.llolm,,s topological dynamics. On one hand, Shannon devised notions of
('orn,.ll I'niv,,rsity entropy and channel capacity to determine the amount of
lt,hat;t. NV information that can be transmitted through a channel. However,
(;al ih,rkooz the question remains as how to actually do it. On the other hand,
(',,rra,li I:mv,,rsity the notion of topological entropy, which turns out to be a
ItiJa,'a. NY generalization of noiseless channel capacity, was introduced to
.Juan F:h'z_,aray topological dynamics as an isomorphism invariant. The resulting
('N IrS. i',,ssac, Franc,. isomorphism theory can be applied to construct finite state

automata which can essentially achieve maximum channel

Dynamical Systems Reduction Approaches capacity. In this mini-symposium we discuss these developments.

Bi-orthogonal decompositions (BOD) which provide the
smallest euclidean space containing the dynamics permit an
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Roy L, Adler t:he :.;ilct_t. phase is a perJc,,t o1_ quie,-.;(:ence. F'or

IBM, Watson Research Center some of these problems, tra.sitions betwee_ active
Box218 and :_itcnt phose._, correspond to 5low pas._,ages

Yorktown Heights, NY 10598 through bifurcatioI_ or limit polnt,q. We identif':
these s.[ow passage probl.cl:is and ai,pl." r,:.;u.lts

JonathonAshley previously obtained for e.lementar;: tlopf
IBM, Almaden Research Center K65-802 bifurcation and limit point problem.'_.

650 Harry Road Thomas Erneux

San Jose, CA 95120-2021 Northwestern University

Dept. Eng. Sciences & App.[, Mathematics
Evanston, [L 60208

MS 24 _,_ J. Holden

Department of Mathematics

Higher Dimensional Targeting Kalamazoo Col l ege
Kalamazoo, MI 49007

This talk will describe ways to COlllpute portions of stable an([ IlllS|a-
bh. surfaces that are moro than one dit,mnsional. Some applicalions,
s.ch as targ,.ti,g and c.mtrol in higher dimensiomd chaotic dynamical Plateau Prm'tions fi,r M-al.Is of Pam'reati_" /]-Cells

s vst,'ms, will 1-' discussed, l'am'reatic ;Lcells undr, rgo hursting ebctrical a,'tivity (|tEA) consisting

Eric Kost.lich of alternati,g act ire and sihml phases in which the i lll.lllbralle pot ential
l)opl, ,,f Mathematics exhilfits rapid oscillati_ms and .,il(,w changes, respectively. This BEA

ArizonaStat,. I'niw,rsit.v. Tempe, AZ 85287 is relatod I. the .secreli,m _,f insulin which regulates blood glucose.
Specifically, lh,' rale of rel,'ase of i.sulin fro.i /#cells as a fum'tion of
glucose conce.tration is corr,.lated It) the plal, oau fraclion, the ratio of

Noise Reduction for Signals from lh_. activ,, phas. duratio, lo the total I,,'riod of lh,' BI:_.A. There are
Nonlinear Systems sew'ral difli_renl mod,,ls for [IEA i. I,a.cr(eatic A-cells, ,'w'h c,,nsistilJg

The study of chaotic dynamics in ,,f tlm',' I,ighly nonlin(,ar ordinary diff,,rvnlial (.,i.ali_,ns for two fasl
physical systems requires methods for wlriabh.s, thr .u,ltd_ratw potet_tial and a c,,ndm:tance varial,l-, and a

reducing noise from sampled data when slow variable, th,, intracellular calcium c-nc,.nl rat ion. In this lalk we
the underlying signal of interest has ,mllitw a _m,th,,d f,,r col,qmting Ih_, l,lat,.all fraction for these Iltr,dels
a broadband spectrum. We discuss as a i,aramvter is varied. 'l'h,, platea|l fracli-n th,.n can b. colnpared

methods that. are designed to be useful with existing data and thus permits d,qerllfinati_m of a functional de-
even if the clean signal is contaminated p_,,,&,nc,, I,,.tweml this n..,del I,aramet,.r atm glucos,, c,,t_('entrati,m,

with 1.00% or more noise (signal-to- ll,.l.,rlM. Miura

noise ratio less than or equal to zero) . l).-part....Is_fMathematics
The methods consist of numerical

a,d |'harn.acolog_ X' 'l'h,,ral,mJtics
algorithms based on time delay embedding I.:niw.rsily ,,f British ('_,l.mbia
using coordinates generated by \'a,Jco,v,.r,B.('

appropriately-chosen prefilters. ('am.la \'6T lZ2

Timothy Sauer

Department of Mathematical Sciences Cmnl,le.x Om'illati.,Ls in I,lsulin-Se,:retin/4 Cells: ()n Eh:yoml
George Mason University Bursting
Fairfax, VA 22030

Pancr,.alic ;r-Lcvlls r.'gulal_' II.. influx .f (ra t'+ i,m._ tmed,'-I I,, s,.crt.l,.

iusulin ILvf,rgattizing tb-,ir ebctrical activity inl(, hursls t.factiol_ pc,-
When Traj ec tor i es of Higher Dimens iona 1 l_.nlials. In itmlh,,nmtical m,,dols, bursting results fr-I. m_,dulatio, of

Systems Cannot be Shadowed a fast i,.ri-,lic s,l,syslmll I,y a slow process. (),_. dil|iculty is Ihal, I,y

A numerical trajectory can be "shadowed" .,,,s, acc,,u.ts, .]-c_.ll._,,nly I,ursl when coupled ,.le(Iricailv' it., lyl,iCal
i f it i s an actual traj ectory that re- I,,'havior ,,f i:,,,I;tl. I c,.ll.- is co,,ira.ms spiking with no sil,.,t period.

mains close to the numerical trajectory. .\l.r,,<;v,.r, ,.tf',,rl._ _, illc,,rl),)ral(, eXl)_.rinl,ntal dais frol. isolat,,d c,.lls
t_,'hen one of the Liapunov exponents of a haw fail,.d I(, show ,',mcl,,siw.ly wh,._h,,r s.,'h ;'urr,.nts can c(md,in,, t.
chaotic attractor is near zero, numerical t,r,,duc,.th,. I,ursli.g,,l,s,.rv,.d inc,mpl,.,l_.ns,.J_d,l,.s. In m.delingsl.d-

trajectories can be spurious, that is , i*-._,c, ul,l.d t,urslvrs phas,.-Iock (,n lb. sl(,w lim,,-scab I,u! _,_ay have

they do not remain near any actual faa, sl,lh> which ar,..ul-.,,f-l,has0, or-w,, ap,,ri(,dic. S'_,n_,,iml,lica_i(,ns
trajectory of the system. _tr,, lhat ,Ar,,ss i,r,,I,.rlies _,fll,,, sh,w ,,sciltati,,,. s,ch as rb. p,.ri_,d and

lh,' i,aral._..ter rall!_p._iin which il _an (,tour. _]el,_.lld(.it the lasl ,lynam-
James A. Yo rke i,-_. lmb.,.,I, ,,n_'can couple. ,'dis n,,n,..,f whid_ ;tr,. ,'_nltl-.(Oll[ t(, b.rsl
Institute for Physical Science a,,I ol,lai, r(,t,usl },ursling.

and Technology

Un ive r s i t y o f Mary 1 and Arthur Sh,.rt.an

- College Park, MD 20742-2431 Nali,,_mll,sli_ul.sofil-allh. B.'lh,*s,la..MI)

Bursting Oscillations and Homoclinic Orbits to a

We seek to understand mathematically the bursting

Bursting Oscillations and Slow Passage Through dynamics and its genesis in a (:lass of dynamical

Bifurcation Points systems like the Hindmarsh-Rose model, lt is pro-

: Bursting oscillations are observed in chemical and posed and tested n.merically that the bifurcation

biological systems and correspond to a sucess.ton from continuous spiking to bursting is caused by
(,I .,It,,rqatJ.n,p ,_cti'.,e and 5;ilent pha:;es. The _ctive a crisis which dest.abilizes a chaotic state of
phase is characterized by rapid osci.llatior_s while continuous spiking; and that the bursting corre-
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sponds to a homoclinicity to this unstable chaotic rigid solid explosive. Using small strain-rale-sensitivity asymptotics,
state. The study suggests a unified description which is analagous to high activation-energy asyml)lOliCS irl the math-
of burs t ing, homoc 1inic systems, and the Pomeau- ematical theory of combustion, ii is shown lhat there is an analogue il_

Manneville intermittency, thermoelastic-plastictlow in solids of the _gnitwn problem in chemical
combustion. This raises the iuteresling question: Does an ad_abatzc

X.-J. Wang shear band result from a thermal exploswn '2
Department of Mathematics and the James Franck
Institute T.J. Burns

University of Chicago National Institute of Standards and Technology

5734 S. University Avenue Gaithersburg,MD
Chicago, Illinois 60637

Quasiperiodicity and Chaos in a Dvnamical System of

CP 21 Amplitude Equations Describing Gasless Combustion

It has been observed that the gasless combustion of
A Dynamical Systems Approach to the thermites can proceed in a variety of nonsteady propaga-
Stability of Geophysical Features tion modes that range from periodic to chaotic in char-

We use a dynamical systems approach to compute the fixed points and acter. While the nature of the primary transition from
analyze, their stability for a highly nonlinear equation which expresses stead)' to nonsteady, but periodic, combustion is now well

conservation of poteutia! vorticity in a qua.sigeostrophic system. The understood, the various mechanisms by which more com-
fixed points art, conq)ute(t numerically using a Newton-Kantorovich plex (e.g., chaotic) modes of burning are realized are not.
technique with double Fourier expansion and Galerkin discretization. However, it has been shown that mode interactions which

For a test problem, we compute modons in, .car flow. The modon arise after the neutral stability boundary is crossed do
is an analytic solution incorporating the full nonlinearity. With the lead to secondary and higher-order bifurcation of com-

modon as a tirst guess, shear is added in small amplitude portions, bustion waves that exhibit more complicated spatial and
usi.g cc,ntinuatio. :,) obtain a moderate a_upiitude shear. Solutions temporal behavior. Here, we focus on the case of tem-
art. oi)rained for both synunetric and antisymmetric shears. The matrix porally resonant mode interactions that can occur near
computed in this algo:it!,m is precisely the same one that describes the multiple Hopf bifurcation points, and show how such in-
dynamical properties of the system about the fixed point. Therefore, teractions can provide new routes to quasiperiodicity and

we compute eigenvalues of this matrix to determine the stability of chaos in gasless systems. In the latter case. the propagat-
the system. For the modon-in-shear example cited above, we trace the ing combustion wave corresponds to chaotic, "multiple-

stability of the fixed points as a functio, or' the shear amplitude, point" combustion, and is characterized by the random
movement of hot spots that appear, disappear, and reap-

Sue Ellen ttaupt pear on the sample surface. The resulting strange attrac-
National Center for Atmospheric Research and tor is studied in detail, and an estim_'_te of its (Lyapunov)
I'.iversity (,f Colorado, Bouhler, (:O dimension is provided.

Dr. Stephen B. Margolis

Nonlinear l)ynamics of Complex Two-Phase-Flow Systems: lteat Combus t ion Re search Fac i 1it y
F.xchangers and Nuclear Reactors Division 8364

Sandia National Laboratories
A system of vertical parallel heated channels with two-phase flow
comprises a complex dynamical system of considerable industrial Livermore, CA 94551-0969
interest, e.g., heat exchangers, boiling water nuclear reactors

(BWRs). "lhc coupled nonlinear Pl)l-s that model the flow in each Multi-Dimensional Acoustic Analysis of A Solid Propellant
channel can be converted exactly to a set of coupled nonlinear Rocket Motor
functional OI)Es which, when coupled to those for the other

parallel channels, lead to a large complex nonlinear dynamical Nonlinear flow and combustion interactions which manifest

s'ystcm. Our analytical studies show that the equilibrium flow loses themselves as pressure fluctuations are the primary cause of solid
stability through a supercritical llopf bifurcation. Our numerical rocket motors failure. The objective of this work is to create a
studies of the FI)Es show that when the system is made theoretical background and a computational capability to study the

nonautonomous by introducing time-dependent heat inputs, acoustic fluctuation modes and their coupling with other flow
pressure drops, etc., it exhibits complex behavior, evolving to high- variables in a chemically reacting, compressible flow field created

order limit cycles, invariant tori, and chaotic attractors. Since by the time dependent burning of solid fuel in a typical solid
BWRs are comprised of such two-phase-flow parallel channel propellant rocket motor. Previous considerations of this problem

systems heated by fission energy, they inherit esseutially ali these have been limited to one-dimensional acoustical analysis and didn't

nonlinear behaviors, as shown by our simulations of their nonlinear effectively consider the mass _nd heat release effects on the

dynamics based t,n the al×we-nmntioned FI)F_s coupled nonlinearly pressure field fluctuations. Numerical solution of the pressure

to the space-time neutron kinetics equations. The results of these field subject to forcing functions due to the mass and heat release
simulations will be di_ussed, as will their connections with recent

observatitms of off-normal power oscillations in operating nuclear effects is presented which will serve as a guide to assess most of
reactors, the nonlinear flow interactions in a consistent framework of

Rizwan-uddin and J. l)orning reference.

Department of Nuclear i inginccring and l:.ngineering Physics Mohammad Farshchi and Mehdi Golafshani

University of Virginia Department of Mechanical Engineering
(?harlottcsvillc, VA 22903-2442 Sharif University of Technology

P.O. Box 11365-9567

St}n.. C,{,ntu,cti[_ns B['t:w(_n Lt.:alizati.n i. Plasticity Tehran, Islamic Republic of Iran
al.l in C.mt.tsti._l

A r,,,,,l,.l_. d,.rix,.,t .,f lh.; I,,.'ali;cati_,l, r,f i,laslic str;till i11|., ;iii 11¢]1rl- One-Dimensional Flow Analysis of a Solid Propellant Rocket

trait, _h,rtt l,,_ll,t (t,lrillg ral_i:l pl;t,,.tic sh..ar. 'l'hls ..)d('l i,, sl.,w. I. Motor
h,t'._' a I_utl_l._.r,,f _,i.tilarill.._, with a ,,,d,q ,.f a tt..r._al rea-li¢,, i. a The flow in a solid propellant rocket motor is subject to several

complex physical phenomenon including mass and heat addition
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due to chemical reactions. The combustion process is highly doubliug bifurcations to chaotic trav('llin/4 waves. "l'h(' .,'chaltism is

coupled with the flow field dynamics and other complex heat illustratt,d by cart, hd tmtuerical integ, ratitm td" a syste,u of ordinary

transfer processes. In order to be able to study these effects the diffor.,tial equal, ioz,s with 0(2) syzuzu_,try.

complete nonlinear flow equations in one space dimension and E.K.ol,lo¢.h

time is considered. The mass, momentum, and energy addition U.iversity of (',alifornia

due to the solid fuel evaporation and reaction appear as source Berkeley, ('A

terms in the governing equations. Unlike past considerations which D.R. Moor_.

neglected the surface regression effects, this analysis I|.perial C,ollege

simultaneously considers the temporal variation of propellant l,ondo,, England
surface area due to surface combustion, Highly accurate numerical

results based on upwind TVD schemes are presented that provide A Now_.l Homoclinic Bifln'eati.n in a Hamiltonian System
the temporal distribution of velocity, pressure, and temperature
along the axis of the chamber and nozzle. A. aLIl.otlolnolls, rt.vrrsibh., fourth-order llamiltonian systeln modelling

an ela.stic strut is studied numt,rically. The existence of a uuique, re-

Mehdi Golafshani and Mohammad Farshchi versihle host, clinic orbit to the origin has recel|tly been proved by
Department of Mechanical Engineering Amick & q'oland for parameter values 1' < -2. We compute a path of

Sharif University of Technology this orbit a.,;P increases, using st,audard coutiuuatio, techniques ilwor-
porating a method due tc, Beyn of truncati.g to a finite timc-i.terval

P.O. Box 11365-9567 with projection bou.dary ce.di,ions, lt is found that, for t' > -_,
Tehran, Islamic Republic of Iran many homoclinic orbits bifurcate from the primary one. Only two of

these orbits persist until P = 2, where the dynamics is governed by a

CP 22 certain nortual for,,,.
Alan R. (',hauqgneys
Alastair Spence

Horseshoe. Maps with Sinks Near Homoelinic Tangencies John F. Tolaml
School of Mathematical Sciences

Let f be a diffeomorphisn_ o_2a compact 2-manifold M. Assume that

f has a hyperbolic saddle point p and that there is a cubic hornoclinic University of 13ath
RA2 7AY, U.K.

tangency of the invariant manifolds ofp. lt is shown that there are small

perturbations of f possessing horseshoe-like maps which have both

chaotic invariatit sets and a sink. The chaotic behavior is examined. I n_fi ni tel y Many Si nks for a ...Si ngul ar, Map

The ba.sin of attraction of the sink is examined and is shown to have a The subtle dynamical behavior of one
fraetal boundary, parameter families of diffeomorphisms in two

'l'homa_sL Richards dimensions bifurcating to infinitely many
I_uiversity of North Dakota sinks exists when certain stable and unstable
Depart, ntent: Mather.a(,ics manifolds form nondegenerate homocl inic

Box 8162 Uuiversity Station tangencies. This indicates that some maps do
(;raudForks,";erthI)akota58202 not have transitive strange attractors, but

infinitely many distinct attractors.
An important teel in establishing the

An Analogue to the Birkhoff-Smale Homoclinic
existence of infinitely many sinks is to show

Theorem for Snapback Repellers of Entire Mappings that thick Cantor sets of stable manifolds

A snapback repeller is an entire orbit which lead to a persistent tangency.

tends to an unstable fixed point in backward Using this teel the speaker will show

time and snaps back to the same fixed point the existence of infinitely many sinks for a
in forward time. We give an elementary proof one parameter family of maps of the plane

that periodic orbits accumulate near a snapback which are not diffeomorphisms.

repeller for an iterated analytic mapping. /_uthor and Speaker:
The proof uses the global semiconjugacy of an Dr. David T. Cl0sky
entire analytic mapping to the linearized mapping Department of Mathematics

at the unstable fixed point and standard tools College of Mount St. Joseph
from complex variables, especially the Theorem 5701 Delhi Rd.

of Rouche. We generalize Marotto's result about Cincinnati, OH 45233
the chaotic motion near a snapback repeller Phone: 512-244-4259
and give an independent proof.

Dr. Franz Rothe Dynamical Behaviors in Kolmogrov Models
'University of North Carolina at Charlotte
Mathematics Department An important teel to determine the conditions chaos occures is
CHARLOTTE, NC 28223 Melnikov function. The integrate of the function is very complex

and almost is impossible if explicit tbrms of the homoclinic on

heteroclinic orbit of unperturb_ systems cannot be expressed. In

Transition t(, Cha(,ti(" Travc41ing Waw:,s this paper, author use special way to determine the existence of

via a N(:w Type. of Gh,lml Bifurcation 0 points in the mehikov function to avoid using the explicit

:% new .wchanism for tit. transiti_m lo chaotic t ravolli.g (rotating) tbrms and integrates and then almost get some efficiency.

wav(.s i. syst_ms with periodic boi||.htry coati,iotas (,t= a li/v, ix (1(,- The speaker will discribe the dynamical behaviors in kolmogrov

scrih,.d. In lllally r;L,.;'S the ()(2) symluetry of such sysl,c.t.s is re- model with time periodic and little resource perturbation.
Sl),.nsihle for t,h(, pr(.se.ce of a global connection Iwt,w'ee, circb_s of

1.ml ri vial stal ¢,s all,l circles of slal.liug waves via strougly .,od ulated J" "_ _'_t t,.I- a,_ -I_]'-_._) + f._, _._)

trav,,lting w_,ves. I_nder al, propriate conditiot_s this (ronnectio_ ix re- ] _-..._(-jE*_x,_,t_E_tx,_)c,)_
sl)o.sible h_r a succ-ssion of 5ifurcations from travelling waves t.c,._od.-
ulated (q,a.sil.,ri.,lic) trav_,lli.g waves, followed by a ra...;cade (if torus-
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Fude Cheng crate Reynolds numbers the dynamics are not yet umh.rstnod. In par-
Department of Mathematics titular, detail_ of the transition to three dimension;tlity and til,, stll)se-

Hubei Normal Institute quent symmetry-breaking bifurcations in the w;tke of the cylinder are
Huengshi 435002 not yet well characterized. We present a detailed numeric;ii stmly of

People's Republic of China this system. We combine direct numerical smmlatitms of the N_vier-
Stokes equations, numerical Floquet analysis of the time-peri(Mic wake.
and bifurcation studies of low-dimensional systems t,f ()l)l.:'s. 'l'hes,

MR 9R reduced ODE model. ;teeconstructed using the Karhunen-l.,,eve Pxpan-

sion/POD to obtain ;t hier;trch2_ of global "modes" frurn dir,ct Inllneri.
cal simulations, followed by a (;;tlerkin expansion of the Navier-Stokes

Numerical Schemes Based on the Algebraic Approximation on these modes. ']'he symmetries of the system are taken inlo;tccotmt
of the Attractors explicitly in til,. constructic, n ,-,f the ()I)F] models. The dynamics and

IIi this lecture we will present some methods ¢_fapproximating the symrnetry-bre;tking bifurcaticms in the OI)F mr,dels arp ccJmpared t¢_
gh,hal attractc, rs of tlissipatiw, partial differenti;tl equations by finite results ot" l;trge-scale direct c(mlput;tticms.

dimensional ;tlgehraic sets, ,as well a.s some algorithms for approxim;tt- _)__t _a[.k4L.k._

ing tit(, gloh;tl dynamics on the attractor by suitable dynamics on those (;eorge l:;m. Karniadakis
algehr;tic sets. In particular, this provides low dimensional approximat- loannis (;.Kevrekidis

ing dynamics for tile family of ali trajectories on the attractor over a Princeton University, Princeton, NJ
fixed long period of time.

('. F'oias

Hl(..,lnhtgtt ,n, 1N "

Digital Processing of Chaotic Signals

Inertial Sets and Exponential Attractors for Navier-Stokes Chaotic signals are o'f increasing interest in engineering and
Fh)ws science because they model a wide range of physical phenomena

and contain a c_nsiderable amount of inherent structure. This
W,? present results on new fractal objects with physical relevance to

structure suggests several engineering applications as well as a
Navier-Stokes tlows: "Inertial Sets" (1.S.) also called "Exponential At-
tract,)rs." These are fractal enlargements of the global attractors for large set of associated signal processing problems. For example,

chaotic signals are potentially applicable in areas such asthe N S. Dynamics which are more flexible than inertial and/or approx-
imate manifl)hls. They attract ali trajectories at a uniform exponential communication systems, remote sensing, and data modeling. From

rat,.., and capture I,oth til(' ultimate _,iyrnptoties and slow-transient dy- a signal processing perspective, algorithms for performing
namics. We discuss tit(, rc,bustuet_s and the full continuity of I.S. under classical signal processing tasks, e.g. signal separation, noise
several numerical approximation schemes. We develop the concept of reduction and deconvolution, which exploit the the unique

"lm_rtially Stable" al,prcJxirnation schemes. We conclude with ;tpplica- characteristics of chaotic signals will be important components of

tit:,rls t(, tit,. e-l) gerl:,ralized K(,hrlogorov flows, these applications. This talk deals broadly with the relationships

|'la.sd Nicghwnko between chaos and signal processing. ,',,s an example of processing
[),'partm,nt of Mathematics chaotic signals, an algorithm for performing blind deconvolution

Arizona State l!mversitv. T,.mt,e, AZ of chaotic data will be presented.

Alp l:M.n

Ariz,ma Stat,: l;niv,,rsit.v, 'l','ml,,', AZ Steven Isabelle
Research Laboratory of Electronics

(_il,rian F't)ta.s Massachusetts Institute of Technology
l_Jg_.r "l'ealanl

Indiana I'niv,,rsity, Bloorriington, IN Cambridge, MA 02139

Spatiote|nimral Behavior of Approximate Im,rtial Forms fi_r Modeling Chaotic Systerrm with llidden Markov Models

the 2-D Navier-Stokes Equation The problem is that of modeling chaotic dynamical systems, based

W,. ,tiscus._ the imld,:mentati¢,n (,f apW,,xim;tte inertial m;tnifohts for only on observations of the system. A hidden Markov model for a
a I,r,,l,lem m l,lanar fluid tt_,w Such a manifold i,rovides an interac- class of chaotic systems is developed from noise-free observations

ttr,rl htw },,.tw,.e.q htrl_, aljtJ small ,(Idles. This law loads to a finite of the output of that system. A combination of vector quantization
,lim,.m, lt,Ilal dyhall,iral system_ ;tri apl,roxlmate inertial form, whose and the Baum-Welch "algorithm is used for training. This combined I

t,'nil,(,ra] hehavi,,r can he similar ttr til;ft _,f thf. infinite dimensional iterative approach is important. This model is used to clean noisy

flui,t lh,w. "lh, spatial charactormtics ;tr," th,.n compl,.ted by means outputs from the system and to detect the system output in the

,,f rh,. irlt,rat:t,,n law. We c_,ml,ar, the spatiot,,mp(Jr;tl complexity (,f presence of noise. Two non-iterative cleaning "algorithms, one

rh,. tt,,w ,,, sev,-ral ,tifl'erem al,l,r,,ximate in,'rtial manifolds with that based on a maximum likelihood approach and one based on a

,,f a trad;ti_,rlal (;al,.rkm discrotizatmn of tit,. 2-1) Navier-Stt,kes -qua- maximum aposteriori approach are defined.
tit,II, WiI|I w.rltMic t,ouwlary c_,n(liti(,ns Irt particular, we will seek th,'

minimal dirl,-nsi(,n ,Jt the apl, roxirrt;tt,, m,-rtlal form that captures the Cory Meyers
_',,av,.r_;,.l I,,.havi_,r ,..f til, (;alorkm m,-thod Lockheed Sanders Inc.

Mlcha,.I S. ,It,lly Room MER24-1583C

I)°l'artm"nt *'f 'M;tlhr'lllatics P.O. Box868
lr]diana I'nlv,.rsity Nashua, NH 03061-0868
tHc,,,nli:lgtt,ii IN

Determining Rob,.u_t Dynamical Maps From Observed Time
Nmn_wiral Study of Dynamics and Symmf_try Breaking Series
in the lA'ake of a Circular Cylinder

" We extend the investigation of prediction from experimental time

"1t,- fh,w I,a.s_ ;t circular cyhrMer ts f,tw ,,f the i,r,,tolypical r,p,.r_ fluid series to the determination of aspects of the dynamics which relate

flows \VI.i,, lt is w,-ll _harartorized at low lt,L_w, lds numl,,rs at rood- tO the behavior of the nonlinear system off the attractor. The
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observed time series lies on the attractor by definition. Global Largt_-'I'inle Behavior (,f M(m,)t()no Discr(,t.e-Tinl,_ Dyuatnical

methods are developed for determining the basins of attraction and Syst,,ms

the dimensions of the basin boundaries. The prediction functions "l'ypical examph.s td" str(mgly lilt,lit,lOll(, dyluunical syslen=s are those

are established using the observation of a relatively small number K,'_wr:,,',l by (I)a singh' I,arab_dic PI)E; (2)au irr(,ducible c,,cq)erative
of vectors in a reconstructed phase space, syst,.._ (,f ()DE's; and (3) an irredtwibl(, c(,,q)cr;dive sysll'lll ()1"weakly

c()llph'd I)arabtdic I'l)l,'s. If such au vvolut.i()n equ;.tli()ll is periodic

Reginald Brown iu tiltH', ll,_' c()rr(,sp,mding p_,ri()d tua I, Y" K(,uerales a discret(.-titne
Institute tbr Nonlinear Science dy,a,,,cai sysltqll {_1") ' li > 0inleger} iu a subset X of a str(mgly

R 002 ord(,r(,d Bauach space l'. The ntalq)iltg 7' is strongly IIl()llOtOll(,, i.e.,

University of California, San Diego 0 _ !/--., > (i =-_ 7'y -- 7'.r E Int(_'+) fi,r ali .r, !l E X,
La Jolla, CA 92093

where hlt(l.i_.)denotes the iu,crier of V+ = {v E I" ' t, > (1} in I.'. Ilsing

A Method to Distinguish Possible Chaos From Colored Noise ouly thc luonotonicily and ditl'erenliability of 7' aud rh,_ compactness
and Determine Embedding Parameters of ali trajectories w(, will show that ahnost ali trajectories are stable

aud apl)rc, ach a cycle. \Vr, give a full descriptiml of ,.he sct of ali stable

We present a computational method to determine if an observed (unstabh,, resp.) points. The set of ali unstable points is the union oi'
time series possesses structure statistically distinguishable from at/,,,st counlably mauy Lipschitz hylwrsurfaces of codimension one in
high-dimensional linearly correlated noise, possibly with a V and hence, it has zero Gaussian measure. Under additional hypothe-

non-white spectrum. A nonparametric statistic is explored that ses tm 7' we obtain that every trajectory couverges to a single point.

permits a hypothesis testing approach. The algorithm can detect tlowew.r, if these hyl)otheses are dropped, asymptotically stabh, cycles

underlying deterministic in a time series contaminated by additive ca, occur. We give a few examples o1'such c 2.¢les. l/
random noise with identical power spectrum at signal to noise Peter 'l'ak_i(_

ratios as low as 3 dB. With less noise, this method can also be l)epart, ment of Matlwmatics
used to get good estimates of the parameters needed to perform Vamterbilt University
the standard phase-space reconstruction of a chaotic time series.

Matthew Kennel Structural Stability of Global Attractors fi)r Partial

Institute for Nonlinear Science Differential E(luatitms of Dissipatiw,. Type

R 002 ! will discuss the structural stability of glubal attractors of infinit_,

University of California, San Diego dimensioual (lynamical systems defined by parabolic equations, elliptic
La Jolla, CA 92093 equal.lolls and delay-differential equations.

XlIYaH ('hell

Georgia Instil.ute of 'Fechnology
Atlallt,_t, (;A ;;]O;J.']2

Nuch:ating Solutions for the. Cahn-Hilliard Equation in Higher

Space Dimension MS 29
"l'h(. lu=_'h,aliuu IdWnotu_,non in the context of the llonlitlear Cahn-
ililliard equatit,l= has been recently studied by Bates and Fife who have

From Partial Differential Equations to Minimal Dynamical
in parlicular proved, for the case of one space dimension, the exist(,n('e

of tlucleating solutions. These are stationary solutions corr('sponding Systems

Lc)t,he situation where a certain number of small nucleii are itmuersed The numerical simulation of partial difl'erential equations (PDEs) by

iu a h(,mogeneous phase with a different conce=_tration, minimal systems of ordinary differential equations (ODEs) will be con-

We make a first step towards a rigorc)us mathenmtical study t,f the sidereal. A modified Karhunen-Loeve transform using a weighted Sobolev

mwleation IdWUoutena in _) > 1 sl)ace diutet_si¢)t_s by provi_,g the for norm will be derived. By optimizing the convergence of a flow and its

h)wiug, derivatives the modeling of the dissipation terms is improved and the
mtmber of terms required to retain a stable aPl)roximation is reduced.

The()r(,m: (;iven a COllstarlt )t- in th(, irletastable set and an integer The Kurarnoto-Sivashinsky equation is used as an example to demon-
,V >_ 1 t.h(,r_, exist: a constant u_ ¢ u- .V points .r_,...,:c:¢ in _2 strafe how a Galerkin procedure, b_sed on eigenfunctions determined
aud a family cd"stationary solutions u, (,f the ('aim Ililliard equation, by the Sobolev optimality criterion, improves the i)erformance of the

0 < _ < 1, su(-h that (i)lim,_.o tz,(x) = u-, zr it) [2{J'l,...,x,s,} (ii) standard Karhunen-Loeve procedure.
liut,_u u,(.r,) : tt_,i : 1,..., ,\: .

Michael Kirby
(;iorgk, l:usc,, Department of Mathematics

l)('t)artu_,'m _:,fMatlaematics C,olorado State University
l!niv,,rsity _-)fI_,tu,' II, Italy Fort C,ollins, C.O 89523

Equilibrium and Dynamics of Buht)les for the Cahn- Hilliard Dcte.cting Symmetry Creation in PDEs
Equation

An attractor of a symmetric PDE has symmetry which can be charac-
\,\'_"discuss s,,nw r(,sults ab()ut existel|ce of circular fonts in sohH.ions terized by a subgroup of the symmetry group of the problem. In a one--

to the ('aim-llilliard equation. Th,.' time interval iu which a circular parameter family of attractors the type of symmetry can change. Iu
iuterfa('e persists is estinud.ed to (h'l)('t,d exponentially m_ (-_ and tri- particular, there are mechanisms leading to symmetry creation, which
teria for the ('xistence ,ff (.quilibria with a circular intt.rfacv ar_" also has been observed r¢.ceutly in several dynamical systems. Since in gen-

discussed, eral attractors possess symmetry only on aw"rage, a direct m)meri('al

Ni,-h()las I). Alikakos approach is very exl)e||siw_. Based on the Karhunen.-i,_)cve procedure

[),,parli_t,,nl (.)fMath,matics we will present a more eflicit.nt t_umerica; method tbr t lw det.ecti(m of
truiversi_y ,d" T,'nn('ss(.,' and I!niw,rsity (,[' ('.rcic symmetry creation in PDEs.
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,,,.,.,,>. CP 23
I)cl_rtnwnl cd"Mathematics

Iii|ivcrsily t,r I]¢ltl,.;t._ll

lh,uston,TX 772[),1-3476 Physical Modelling of the Human Circulatory System
,MM_a,:,Il)clhlitz for Cardiovascular Device Testing
Institut flierAngcwandte ,Math,'matik A primary criterion in modelling the circulation
Universitacttlaml)urg for testing devices such as artificial hearts, prosthetic
2000tlamburg 13 valves and vascular grafts is matching the input
(;,,ro,my impedance of the model to the actual system.
Martin (;olubitsky Preliminary results for a commonly used model with
I),'partment of Mathematics three discrete linear hydraulic elements (e.g.
t!niversity of lloust,m resistance, compliance and inertance) indicate that
H,,ll_t<,i.TX 77_0,ra47_ significant improvements are possible. Computer

analysis involving multi-dimensional solution of
The Useof Symmetriesin DynamicalSystems simultaneous nonlinear algebraic' equations suggests

that an alternative 3-element mooel will yield improved
Bi-orthogonal decompositions consist in decomposing a dynamic response and that further, though smaller,
space-time function into orthogonal temporal modes in a improvements are possible with 4 and 5-elementHilbert space H(T) and orthogonal spatial modes in a Hilbert
space H(X) which are coupled by a unique dispersion relation, models. An improved 3-element model will be built
The latter permits the treatment of space-time symmetries in a and tested.

straightforward rnanner and the detection of spatio-ten'lporal M. Keith Sharp
symmetry rehited bifurcations. Conversely, in certain
(identified) situations, the knowledge of both the symmetries Bi0f!uid Mechanics Laboratory
of the solution and one spatio-temporal pair of modes permits Department of Civil Engineering
the full expansion of the solution. When the symmetries are University of Utah
thoseof the dilation-translation groups,our approachis, in a 3220 MEB
certain sense, analogous to a spatio-temporal wavelet Salt Lake City, Utah 84112
transform. Galerkin projections basedon orthogonal setsof
this kind lead to renonnalized equations. Fully developed
turbulence will be given as an illustrative example. Dynanii('s ()f tlm Cah'ium Suhsyst(,.m in Car(lia(, Cells

W_,examine,tlw stability prol,ertics of a set _d"t_tluat.i_,nsdescribing
Nadine Aubry(I), Zhen-Su fao (I) and Ricardo Lillla(l,2) chwtricaland ch,mical activity iii the cardiac l'urkinj, lib,,rs.In this
(1) Benjamin Levich Institute and Department of Mechanical paper weeonc(;ntrat(',on the part of the colithat transniits cell lncm-
Engineering, The City College of the City University of New |)rail(,informatioilto subcellular calciuin stor('s with a view toward
York, New York l(X)31(USA). exldaining the s(.qucnce _)t"ev('llts that h'a(I to ('ortaii) arrhythniias c)f

(2) Centre National de la Recherche Scientifique, Centre de tl., heart.

Physique Thdorique, Luminy, 13288 Marseille (France). W_,us_' standard analytic and numerical n..l, hods t,_ inw'stigate bifur..

cal, illn llh_,qlllni_qili. The, llack;ig>l , AUTO w;u_ used cxtl,nsiw@ but w_,

('llClltllll,t'rod difficulty iii Cxlilailiin K l.hc glollal dyllttliitcs iii the ,,.;ysl,lqii
Non-Linear Extensions To The POD and Systems With who.licertain h,cal[lifllrca.ti_lllS_l('cllrrcd.
Symmetry

ABSTRACT: The proper orthogonal decomposition W,, pri,sl'lll, a dynalnical systl,in s_,hll, iiJll t,t:l I,h_, I_robl_,nl of dctcrnlilihlg
l.hc r_,l_' ur liil,lnllralie cilrr¢liLS iii Lhc onset _lf arrhythnlia;_. Ilsing, l,hl,

provides a decomposition of phase space into orthogonal I)iFranc_'sco-Ncd,h" nl_,,h,I of the I'urkinje Iil,,'r, wc ,,xamim, the dy-
modes with associated eigenva.lues. In case the dynamics
occur in a finite dimensional closed linear subspace the ii_tlnics_,d"i,xcitati¢lll-c_ml,ractil_llc, ltiplinK tilld*'r ;tlllll_rill;.il cc:nditions()ur rvsull,;_ indical,v that the syM,eili has ctln,,_idl,rallle "Mrilcl, ilral iii-

number of non-trivial POD modes (i.e. eigenvalue slalfility" _tlitl Cllli ,'xlilaill ;i llllllllll,r of _,Xl..rilll_'lll.al llllsl,rv,:ltiillls.different than zero) is finite. However, in case the
dynamics occur on a finite dimensional manifold (which A_tI,,n_L_..V_!:.
can be rigorously proven for some dissipative PDE's) the I)ellartillellt ,d"Iti_m,.dicall';ng, il,,erillg,

number of non trivial POD modes may be infinite. In case AtlP('.ii(', I!lliv,,rsity ,,f Minncs,,t.a
IlO0 Wa-w,hiligtXlli Aw'. S,the manifold is of a graph form F:R -_ R± one obtains no
M inn_'all(llis, M N 55415

infommtion regarding F from the POD. We discuss some
non-linear extensions to the POD that shed light on F in Ilainl,,nd I,. Winsh,w
particular iii cases of systems with symmetry. Our results l)_,l_arlnl.ilt of IIion,,dicalI';ngili,'l'rilll.4
include non-trivial conditions for the existence of F, the .h,hns II,,pkins Uniw,rsity

advantage of using POD eigenfunctions in the tbrmulation II,,ssRes(,archBuilding
of the subspace R, a constructive procedure to compute F, 7211Rutland Ave.
in particuhtr in cases of systems with symmetry. Ball,in,orc,Mi) 21205

Gal Berkooz Jalll,,SI.;.ll,,li.e
Cornell University I)cpartlnent of Eh.ctrical Enginc_.ring

Center for Applied Math Ilnivorsity (,r Millnt.sot,a
305 Sage tlall i(lil ,I- 174 EE('S Bldg.

Ithaca, New York 14853 Minneal,idis , MN55414
USA

ASinlplc Oi)i'; Model for lhc Nonlinear I)ynanlics (ii lhc I Icarl
Slims Node

"lilt sinus node is the nornull pacenlakcr Ibr the hcarl. Previous

niodcls of it, usually based Im circle niaps, have bccn very sinipIc,

Although nillrc conlplicaicd, tlm 2-1) ()1)!'; nltldcl we have
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developed, based on an extension of the nortnal form for the J. I)orning, Rizwan-uddin, i)avid F. Scolhin

supercritical 1lopf bifurcation, is still very siniplc. In this nlodel the l)cpartment of Nuclear l'.'nginecring and l.lnginecring Physics

angular velocity is not constant; rather, ii is smaller (larger) when and
the trajectory is outside (inside) the limit cycle -- ali important J. Randall Moorman

property that cannot bc modelled reasonably by circle maps. Thus, Department of Internal Medicine ((':lrdiology)
simulations of the response of sinus node aggregates to external University of Virginia
electrical stimuli show that the model correctly reproduces two ('harlottcsvillc, VA 229(}3-2442
features observed in experiments on chick embryo sinus node

cultures that circle maps cannot reproduce. Following a single
electrical pulse, it yields a transient with an initially increased or Inw,stigations on a Mt,hd ,,f Nmlronal Bursting

decreased period (depending on the phase at which the stimulus is ,Special maps of the i,terval have prov,.n to b, successful in tuodelling
applicd), followed by a gradual return to normal sinus rhythm; and m.uronal activity (rf. l.alms, ('y!,,rnrtirs and Sysl-ms 's,t. 19_4). Its-
following a rapid series of pulses, it results in a transient with a ing thi.,.,hasir ltir.a, a Im,tlel of neuronal }mrstmg ha.,_be_'n ronstruct,d
more greatly increased or decreased period, followed by a more h, simulatv son,, ha.._i_ I,mp,'rties ,ff I,'riodieal n,'rce mlrsting. The

gradual return to normal sinus rhythm, discrete ma I, con._i,._tsof pie,'ewis- mon,,tonic a,d conti.uous fu,ctions.

.I. l)orning and Rizwan-uddiu ;tnd produces btlrsls of spikes ill a nearly periodical manner, lt displays
I)cpartment of Nuclear Engineering and [:nginecring Physics ali al,pareld random h,,haviour since thr lllllllber of spikes in a burst
University of Virginia seems to vary ramlo,tly. We shall show that tile l,ngth of the period
Charlottcswille, VA 22903-2442 is mainly determined by the itdermittoncy due to tile quadratic map

defined in a neighlmurhood of zero, whilo lhr (negative) slope of tiw
subsequent linear map, m, controls the bursting characteristics. We

A Transplanted lluman lleart as a Deterministic Nonlinear shall give a formula for the probahlility distribution of the number of
Dynamical System bursts a.s a function of m.

Usually, the heart rhythm in a transplant patient is almost perfectly T, I. Tatb

periodic, i.e., nearly regular sinus rhythm, llowever, we have Department of Physiology
observed heart rhythm in a newborn transplant patient that clearly University of Wah,s (k,lh.ge of Carditr
is aperiodic, and based on the EKG morphology we have concluded ('ardifr, 13.K.
that it results from the presence of a second pacemaker -- an atrial
ectopic pacemaker. We have recorded the beat-to-beat (R-R)

intervals which exhibit a variety of aperiodic behaviors, and we have CP 24
developed a quantitative interpretation of specific types of extended

epochs of these data as the output of a low-dimensional chaotic
Some applications of Peano dynamics in

dynamical system. Our quantitative analyses indicate that the
recorded aperiodic data is not random, that the heart is behaving c 1 a s s i c a I a n d q u a n t u m me e h a n i c s

as a chaotic dynamical system with a correlation dimension of
about 2.8 and embedding dimension of 7, and based on our lie give a b.i. jection between an extended

analyses of the time series and power spectrum, that it is exhibiting Me n g e r- U rb' s oh n d i me n s i on a n d an n d i me n -
type-lintermittency. Further, transitions between this bchavior and sional Serpinskt-Peano space obtained by
periodic sinus rhythm indicate that the type-l intcrmittency can be lifting the triadic Cantor set t:o higher

explained in terms of an inverse tangent bifurcation that results dimensions. We subsequently shaw how
from the slow variation of a control, possiblythccirculatingbiood t;he obtained dimensions:
adrcnalinclcvcl, d = (1.5849 ; 2.5121 ; 3.9815 ; 6.3106 ;

10.O0_I ; 15.853 ; 25.1265)

l)avidF. Scollan, J. Dorning, Rizwan-uddin f'or n = 1 to n = 8 cespec_ively could be
l)cpartment of Nuclear Engineering and Engineering Physics related _o rulZy developed tuebulence

and and a quantum space_ime.
J. Randall Moorman

Department of Internal Medicine (Cardiology) M. S. EL NASCI-IiE
University of Virginia Sibley School of' Mech. & Aero. Eng.
('harlottesville, VA 22903-2442 C :,c n e 11 U n i v e r s i t y

Upson Hall
Ithaca, N.Y. 14853-7501

A Coupled Oscillator Model for the Dynamics of a Transplanted U. S. A.
lluman llcart

Typically, because the feedback control of the sinus node by the
autonomic nervous system is eliminated, a transplanted heart Dealing with Multiple Objectives in an Econometric Model

exhibits near perfectly periodic sinus rhythm. However, we have Consider a multi-period econometric model with endogenous,

clinically observed rhythm in a neonatal heart transplant patient exogenous, and policy variables. The values of the endogenous

that is aperiodic, but not random. Further, the morphology of the variables will then depend on the values of the policy variables as

EKG indicates the presence of an atrial ectopic pacemaker in well as the future values of the exogenous variables.

addition to the sinus node. llence, we have developed a simple Clearly, these future values are not known with certainty. There
coupled nonlinear oscillator model of the two pacemaker system, are, however, usually a small number of forecasts available which

Each of the two oscillators is based on the nornml form h)r the predict the values of the exogenous variables. Sim;iarly, there are

supercritical Hopf bifurcation extended so that the angular velocity frequently a number of different objectives, i.e. welfare functions,is larger for points outside the limit cycle than for those inside it.

"lhr oscillators have slightly different phase response curves, and put forward by different decision makers stressing different
are coupled through phase resetting by the heart depolarization policies,

which in turn is initiated when one of the oscillators passes through For each pair of objectives and forecasts, we can now determine
zero },i,mc. The model yields chaotic time series similar to many the value of any of the endogenous variables for each of the
of the extended epochs of beat-to-beat (R-R) interval data periods. Given unknown probabilities for the different forecasts to

obse_'ed clinically, and ii is being used to explore the physiological actually materialize, we can use Starr's domain criterion to

nltm:hanisms thai result in the various types at epochs in the data determine domains in which any one of the endogenous variables,
we have recorded, e,g. unemployment or inflation, is smaller for one objective than
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for any of the uthers. Based on the volumes of these sets, we are ria. These can l)e identified as two or three dimensional

then able to recommend policies which satisfy decision makers tori in the phase space.
favoring any one of the alternative objectives. The examples on retarded dynanfieal systems presented
H.A. Eiselt mainly in control engineering at)ply 1)ifurcation theory.

University of New Brunswick However, the reductiori of the infinite dimensional prob-
Frederickton, New Brunswick, Canada E3B 5A3 lcre to the 4 (or more) dimensional center manifold usu-

C.-L. Sandblom ally makes it iml)ossil,le to present analytical results. The
Technical University of Nova Scotia bifurcation analysis of the robot nJodel iu question gives

Halifax, Nova Scotia, Canada B3J 2X4 a unique pure analytical ilwestigation of infinitely many
codimension two 1)ifin'cations in the system.

Chaotic Phenomena in Comnmnication Networks G. St_}Inln
Performance measures in communication networks, such a.s user-pcr- Departm(;nt of Applied Mechanics
craved response limes, are primarily determined by content.mn for net- Tectmical University of Budapest
work facilities. For this reason, performance is traditionally evahtated
using stochastic, steady state queueing theory models. Ilowever, these H-1521 Budapest, ttungax'y

models do not readily capture the fact. that communication networks G. Halh'r
are in reality complvx, nonlinear dynamical systems capable of interest-
ing time behavior t|lat can significantly influence performance. We de- Delmrtment of Api)lied Mechanics
scribe several communication systems that exhibit a range of dynamic California Institute of Technology
pher,omena, such as bistability, oscillations and chaos, and demonstrate Pasadena, CA 91125, USA
lhis behavior using actual field data. We then model these systems by
discrete time fluid flow models, and derive analytical conditions for
various modes of oscillation. These oscillations degrade network per- DYNAMICS OF FLEXIBLE MANIPULATORS
formance, and we use the dynamical system formulation to propose Part One: Analytical Modeling
and validate suitable controls. Part Two: Numerical Analysis

Ashok Erramilli This paper presents an application of Continuum (i.e.
Leonard Forys Lagrangian) and Finite Element Techniques to flexible
System Performance Modeling
Bell (;onummications Resear, h manipulator arms for derivaiton of tile corresponding
331 N,,wman Springs Road Dynamic Equations of Motion. Specifically a one-link
Red Flank. NJ 07701 flexible arm is considered for detailed analysis, and the

results are extended for the case of a two-link flexible

Physically Realizable Po l,ynomial manipulator. Numerical examples are given for the case
• ' ..... of both one and two link flexible arms, and the resulting

Systems dynamic equations are solved and thoroughly discussed.
In many cases, the problem of the In addition, both methods are compared in the sense of
modelling and designing of nonlinear modeling and the required time and accuracy for
dynamical systems is treated as the prob- computation
lem of _he constructive approximation of

the corresponding operators, the informa- Ali Meghdari, Ph.D., and Mani Ghassempouri, M.Sc.
tion on a system to be constructed being Department of Mechanical Engineering
given only in the form of an abstract
operator possessing the properties of Sharif University of Technology
this system: stationarity, stability, Tehran, Islamic Republic of Iran
memory etc. Because of physical meaning

of the modelling problem, a number of MS 30specific requirements is imposed on the
approximating operator S. In particular,
it is required that this operator S Attractor Reconstruction
possess the family of the characteristics
corre_oonding to physical properties of a The delay coordinate embedding method for
real s;,'stems and be physically rea].izable, attractor reconstruction is placed on a

scIientifically firmer basis. A report OIII
The speaker will discribe new results in joint work with Tim Sauer and Martin
this field. Casdagli.

Anatoly P. Torokhty James A. Yorke
Department od ;.iathematics Institute for Physical Science
St. Petersburg Institute of Transp. Eng. and Techno 1ogy

University of blaryland
Suvoz'ovskaya _t., 7, korp. 2, !cre 16 College Park, MI) 20742-2431
198904 Petrodvorets-St. Petersburg
Russia

System llecmtstru,'timt Using Eml,,,,hling T_,.hniq,i,,s

Staid,' ;tn,t [Tx>rabh. Qtmsiperi(_dic Oscillati(ms I),,la.vc,.,rdimtt,. ,qnl,,.d,ling l,.chniqu,,s ar,, h,,mg us,.,t wi,l,.l_ t,,r c,,i,j-

" discus.., rh,, illq)l.m,'ntatiem (,f nutl,,.rical al_,,rilhnls t,as,'d ,,li ,'Hd.',l-
Di,.z;i_;d ,',m_l_,l ,,f f,,r,', _ c_,n,t'_,ll,,d r_,l,ots _,ften r_'sults in- ,li,,_, It:,ac,.,,nq,lish llws,, g,,als iu II,o i,r,.s,m,..... f ,i,,i..,ydata.
stal,ilitv d_l,' t,_ th_' thn,' delay in rh,' ._ystt,m. Exi)erimcnts

pr,.s,.nt I_(,nlin_'ar vii,rations arount! the unstable equilib-

_
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Timothy Sauer Using a one-dimensional model for monochromatic waves incident
i),q_artnw_lt of Malhet,latical Sci,'nc_'s on the medium, it is found that near resonance between the
(;eorKe Masotl Uuixt,rslty perturbation and the modulation of the electric field there can be a
Fairfax. VA 220:_0 significant enhancement of optical bistability in the low intensity

regime. In particular, the case of the primary resonance is
discussed in detail, since it is responsible for the most significant
effects, lt is shown how the bistability curve can be optimized for
implementing optical switches, based on the information provided
by the resonance structure.

Geometric Noise Reduction Roberto Camassa
Theoretical Division and Center for Nonlinear Studies
Los Alamos National Laboratory, MS B258

Guan-Hsong Hsu, University of Missouri Los Alamos, NM 87545

No abstract received at press time, 8/31/92. Mode dynamics in nonlinear optical fibers

The study of the dynamics of optical modes in fiber optics have
generated intense research activity in both in theoretical and the
experimental areas. In this talk, we will give a survey of some of
the most relevant theoretical work in the case where the dominant

dynamics is Hamiltonian and integrable. Examples such as the
study of the central mode and two sidebands within the
modulational instability band of the nonlinear Schr6dinger
equation, four photon mixing processes and the dynamics of first
or first and second Stokes, anti-Stokes modes in a birefringent
fiber and second harmonic generation in a fiber are some of the
relevant phenomena that will be discussed. We will play special
attention to the important question of studying these models with
additional effects that are viewed as perturbations.

Analysis of experimental data
Alejandro B. Aceves

An experimentally observed time Department of Mathematics and Statistics
series produced by a low-dimensional University of New Mexico
dynamical system is irregular and
sustained, sometimes very noisy, and its Albuquerque,NM 87131
possesses a broadband spectrum. Even
the signal-to-noise ratio (SNR) may be Perturbation Effects on the Dynamics of a Mode and Two
impossible to estimate by conventional Sidebands in an Optical Fiber
signal processing methods. We present
an empirically based method for The interaction of three modes, the fundamental mode, sitting at
estimating from the behavior of a the most unstable value in the modulational instability region of
geometric noise reduction algorithm: the Nonlinear Schr_Jdinger equation and the two side bands that
(1) initial SNR, (2) values of embedding also fall inside this modulational instability region is investigated.

dimension, dpk , to give peak SNR Homoclinic structures that are the framework of the phase space
improvements, (3) number of times, nM, are described, as well as their breakup which results from physical
to iterate the algorithm to achieve perturbations such as the Raman effect, second harmonic
maximum improvement, (4) corresponding generation, dissipation and gain, weak birefringence, and fiber
SNR improvement, 6M, AND (5) lower bound tapering. This breakup results in chaotic interaction between the
on the topological dimension, M. modes. Methods used to study this problem are Hamiltonian

Robert Cawley, Guan-Hsong Hsu, and reduction and reconstruction, the multi-dimensional Melnikov
Liming W. Salvino* method, Poincard'return map construction, and a new method for

• finding orbits homoclinic to resonance bands, which is a
Naval Surface Warfare Center combination of the Melnikov method and singular oerturbation
Dahlgren Division Detachment, methods. This new method may be used to discover exotic
White Oak, Code R44 homoclinic orbits in both dissipative and conservative
10901 New Hampshire Avenue near-integrable ordinary differential equations. These homoclinic
Silver Spring, MD 20903-5000 orbits are obtained by piecing together parts of heteroclinic orbits

"" Department of Mathematics and curves of equilibria that exist in the corresponding
University of Missouri unperturbed problems.

Columbia, MO 65211 Gregor Kovacic
Rensselaer Polytechnic Institute,

-'-Ms31 Troy, NY 12180

Hem_!;.ni,: Ch,-_ due to Com._tition amonR Degenerate
Enhancement of Optical Bistability by Periodic Layering Modes in a Ring-Cavity Laser

- The effect of a periodic perturbation in the index of refraction of a Coupling of two degenerate modes in a laser-matter system is
nonlinear optical medium is studied analytically and numerically, shown to cause chaotic dynamics in the amplitude equations
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describing the mode behavior. In particular, the interaction of a ri,'at .l rurTare- i, r,.lal i,m l,, I,ha_-.._l.:t.. Irazl,p,,rl t_,_J.... '_IJal3tic;ii
quasiperiodic motion of one mode and a homoclinic motion of the a,,t ,',,till,lit:li I,,Zl;-tli)._tl.-_.:t.,.'.,,ri;tl,'r] wilh "hll.,h .l_.t,-.._.,,al' g,.,...-
other mode results in intersections of the stable and unstable lr> ;m,t ,i_,al.i,'_ will I.,, ,lJ_cu_:_,,,l:_,l,lAiCati,,tJ_ lc, I,r,,l,l,'sl_..,.f',',,.r_?
manifolds of the quasiperiodic mode. These intersections are I ransfi.r i), Iria),.).i, )ll,.,l,'rul,'._well I,(' r,,It,l.l,.r_.t

transverse on the common level surfaces of two conserved _Jt:.)l I_________
quantities and imply the existence of chaotic dynamics on an ('aiif,,r.ia lrlslit_lt,.. ,,f T,.rh.,,Ir,g_" I':tsafl,',:t, ('A !_I1',:3
invariant Cantor set of circles for an appropriately chosen

MS 33
Darryl D. Holm
Theoretical Division and Center for Nonlinear Studies Attractor Reconstruction, Filtering, and Ill-Posed Problems

Los Alamos National Laboratory. MS B284 The action of filtering acts as a transformation on an attractor
Los Alamos, NM 87545 reconstruction. Inverse filtering is also recognized as an ill-posed

problem. The interaction of these two facts leads to questions of
M.(_ -_9 when filtering is a true reconstruction (embedding)of the attractor
_V V_

from data. In the presence of data noise this leads to the use ,_f
concepts from fuzzy set theory to define proper noisy n,ltion._ _:f

Cha_Jti," 'rra.sp|wt i. Symph.rtir Maps embeddings and to generate algorithms that regularize filters and
..\_l_lll.g,ral, ,-:tr,.a t.r__,.rVlJlglwisl iliat, h;t..,a I_}l;t:.-• .'.l_;tr,"f,,liat,.,l wilh other data transformations.
lltv;trialt! cirri,,.,.. ;_lrt ,-v,'r',',,rf=ii ]i0".__i.1_.'-urh ;t rirr].' I'l,,,ll p,.rturt_a-
l!,,ll ilia.:tri;tiltrirr!-_ ;tr,, d,.stroy.d, r..,.,.,.a,r,, z.-m,-._f,,rm-,t, al.t ..,.,m__ Louis M. Pecora
,.rl,l)_ t.,,,.,,,-,ha,,li,- 'l'ra)=,-porl pr_,r,._,,_,..,,:tr,,(i....'rib.,] ;., a _,,',',-s- Code 6341

.i,,., ,f _r;i,-tl i,,,s l)_r,,_l_,hr,.,_,,all r,, z,,.,'_, Th.' m,,..t r..sisl;i._ haiti.r.,, Naval Research Laboratory
l,_,'ra,_t,,,r_ :tr,. r,,rl_lai_l_,,f i,xaria,l cirrl,.s lh,-,'alltori...%_lal_,go_ Washington, DC 20375-5000
,,}..tr_lr_,,/=. l,, Ir;!msi;,,rl alq,,-ar l,, .×i.i iii hig,h,.r .till_,.r_,i,m.', \V,.
,+:t. +,r,,\, t+:_,+'a.t+,ri ,.×i._l5,r lll;.tl._s_J||i,'l..Izll+,'1,++.._,.le. th,. "a.li-
i,l,,_r:=l,t,-]illtl! . ;tli'l ;t _,,_lru,'li,,l= ,,f lh,. illv;trlat_l ,,,,1a.'-_-_,i;tl,-,t Cascading of Synchronized Chaotic Systems

w_lJt:t r..... ,:,, .... ;,. I., giv,., Under the right conditions, chaotic systems may be synchr_mized
.l:tll.._ l) ._1,.¢.,. by taking a signal from a full chaotic system and using it t,_ drive
t,_.,,.r-_,, ,f (',,1, r:,,t, a properly chosen subsystem of the chaotic system, lt i_ ztl_
B,ml_i,.r ('() _l_:;_, possible to cascade these driven subsystems to produce a "_hat_,_

filter" which can be used to make the chaotic equivalent of a phase

"rran_l-,rl in Two, asi F_ur Dim_nsio.._ locked loop.

I rah_-i,,,rt I,r_,},l,'ll=_ari_., i. flui,] ,}'.l=au,l,'_,rJ._'_ltiralr.arti,m ,iy_lali=- Thomas L. Carroll
l<.... a,,t l,t:t..,_a l,h._-l,-_ ()r.. _a.:,- I,, d,..,-r=t,,,t}..._,,l_li,.. _,f :til Code 6341

i,ll:al ,.h..'r=fi,I, ,,f .tat,._ iii I.ha._,.slc;tr,; fl,r ,'x;mflfl,. ;t drc,I, ,,f t_lk Naval Research Laboratory
iii _.;tl,.r lhr,.,. :tl,.rl, ir_l,'r;:,'I=,,.-f,,r v;try_l=giml,a,'l [,aram,.t,.rs. lh,, Washington, DC 20375-5000

,tr+-;_i',,-+l}i.,.:tr,.:+t,r,...,.rvih_,:tll,t _.yltq,l,.+'lirm;t[;_.,,f tw,, atut f,..r ,]l-
.,,._,+r_. "lrat_-I,,,rl thr,,_t_h .I,,.,ial r,-gi,,It_,,f i,h:t._,+,f,a,',. i, _l_,ll,+,l Chaotic System Identification Using Linked Periodic Orbils

..\r,.,t_ tr ..... mtm_,',l u-_r_ea. a,ti,m l,ri.ril,l,' ,t,'v,-l,,I,,'d t,_ M;t,'t'_;ty. It is quite common to analyze the behavior of a chaotic systems byX],.)_-_,:tri,*I',-r_l_al I)llfi,ult_.. nrl,.×l,*t.ti,g lh,- tw.__Jl_lt,.r=_i(._=alr.....

._1_- _ ill 1,, ,li_,"u_,_,-] means of scalar time series. However. traditional techniques such
as Fourier analysis do not reveal much of the structure and

!3_,:.[,_'__.!.__3_.__..1_::r:_-.',_...!, behavior of the system, making classification of the s_cm
.._,i,t,li,,iNl:,lt_.,:,:,_=,. difficult. The broadband nature of the signal makes it h,.d t,i
lr_'., r-_ 3 ,,.(( , ,[,,ra,],, I'_,,,Jl,l,.r('() ,50309 distinguish dynamics from noise. I will discuss a meth_d t_l ,:_tract

characteristic descriptors from a reconstructed system. This
Th,. Birkl.,ff Sigliatut_': l,h,.tifi,'ati.n and Apldirati,m.,, involves topological invariants based upon the organizati,,n ,_t

low-period saddle orbits with the system attractor. The _tr,d i,, to
II:,I,r;'.,rl=hl¢ _-Ir_lct=jr,.- [,J:t?. :tic II!l[_,)l'l;tllI r'_J _ iii r "l"l'l III Ii! Ir:t_'l_,-

I,,,rT;._,t )_)_r:_))eI,r,,_,,-rll..>,,f l,h;t .... ..[,a, .. :tr,;, V_',.i)r._-,..):,/,;,J_),;,] recognize and predict a change of state of the system.
,,_r_t:_al,_ ,.f '!,,- tr;tl_l.,rl r;t_,. ,.,-ii,;.,_, l,,.r!_lrl,all,,r_ I,.,]- _,'.}_,}i
_,,. ,t. .. _'t'"'] r..... ,_13 t'r,-:..,,_-l_ '.'., ,,t....r,, ,t lh:,_ ,_.,r,l' _,_:,r_:_,. Stephen M. Hammel
I,r,[,, r_l., ,,f ",!., rI_ar_:,l,t-, i,al,i..... r.-1¢, ,.);[,r,-.; Iii, r,,trt[:_.rfl,,!illt '_t Naval Surface Warfare Center
.r,tl_-[,,,rt ,! :tr,:t> ii: I.rlt_* ,,( lh. (:d.... Ii}i, I,lr_l.,¢Ii,t,.t,.- " li, r, R-44
v..... _,., .I :_.,,;_[;:,,rlfJirl,',,._1!,h -t_;,l,ll,- a $,rr,:_,-.,lfl_al, f,,r lrar_-i,,,rl 10901 New Hampshire Ave.
r:,r,. ::_,l r. _, :,t. Ii., !,.t-l, _.. h.,_-tl_ f,,r rr,,'l-i,,:rl .\ "'_l._l,arl-,,I, Silver Spring, MD 20903-5000
',..l_h;, t,r.,t, f_r,. , :,1 ,l]_,l,_, f,,r :t t,_.. [,,tr:ts_,,I, r .:tl,l,'_ I_ i,r,'_-,'lit,',J

3'_':t t_ ,_!...!'(._,(:,r Tracking Unstable Peri_idic Orbits in Experiments' A New
Ii,,. l), ! ,_r,'t_._,_,,t .-\l,i,_..t \l:_t,,.tt,t_¢,- :_¢:,t(.._fl._. r '-,,t,._,.... Ct-)ntinuation Method

P.ei_,,_.ot, ;,_rae] In a chaotic system, much new information can he gleaned from a
time series using novel methods ,_1"embedding a signal in phase

Phai.,-!.."' .t ru,.t ,=r,. ...al r,....,ll;llt| ,.,li=Jill,ria ,,f 3 D..gr,.,.- space. This talk will extend the signal processing tools of the
experimentalist. A new continuation neth.d will be shown to track

,,f-fr,.,-,l,,m llamih,,.ia.._y,,t_._,,_ un._tdble t,=i,it._while: ci=angim- a system parameter. i-he method is
I:_,h_.,.,_ I.,.,il _ , ,-.it,,,, .... I,:_' ='...._:.,.'r. ,,. :,r ' i,.. ] .e.,: ..... ,;,,_, applicable to experimentat situati_ms in which there is n(_analytical

:: _ :' _ ', ', 7 r .... riC't, ' : [' _ _ r e ' ii' _ r, ,_ fr ..... J+ i_ [ tl.,_,,;],, .,;,.,.._r..r., knowledge of the system dynamics, and ¢lnly an experimental time
Par': ._!::r;_t,r_r_,!, '.'.ill I, _':_."r,: __i,, r.,l, _,]_.'.,.,]I,. _h.'.,- 1.'....z_,_
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series of the dynamics is available. Important issues include ,f the iwri,,dic excit;di(,n, b, wilh av,raKed charact,,ristics of lh, so-

tracking the orbit through bifurcation points, the effect of noise, luti(m, < q >, < qsin pl >. where < . > means averaging along the
I ",2 r, 2 '*

and the location of new attractors, attractor. The av-rag,,d Lagrangian. < _a - Tj" - _.r 4 > plays the
rol,. _f tlwrmt,dynamical l_Ot,,,lltia], lt i._shown t,hrtl th,:rmodynami-

Ira B. Schwartz and loana Triandaf cal relations which w,'rP ¢,riginally dt,riv,,H f_r m,ndissil_alive systoms
(B_rdtchevsky 1992) arf, als(_ valid fi_r a r_.l;ttiw.ly largo rang,, of the

Naval Re,;earch Laboratory
Code 4700.3 fricti,n p.

Special Project in Nonlinear Science Akif ()zh,,k

Wash inglono DC 20375-5000 Georgia hmlitute of Tochn.h)gy
Atlanta. (fi_orgia

CP 25 Victor I_,,rdirh,,vsky
(;-orgia Ii}slillllJ_ _,f Technc)logy
At.imd a, ( ',_orgia

Transient Perturbations Prior to Instability
in Periodically Excited Oscillators

Periodically forced nonlinear oscillators may CP 26
lose their stability via a number of well-

defined mechanisms. The degradation of stabi 1 i ty Modifications to a Model of Chaotic Dopamine
is apparent in the behavior of perturbation-

induced transients, and from the resulting time Neurodynamics.
series characteri sti c (eigenval ues ) mul ti pl iers We have recently explored the complex dynamics of
can be obtained numerically. This is basically a modified model of the nigrostriatal dopaminergic
a numerical analogy of Floquet theory, and is system, The modifications are very simple and may
shown to work wel 1 in mechanical experiments as be equated with observable physiological changes in

wellas simulations.Thismethodhas implications thesystem.We show thatbyvaryingone orbothof
for predicting the future behavior of evolving two parameters, mean firing rate of nigrostriatal
nonl i near dynamical systems, neurons and postsynaptic striatal receptor density,
Lawrence Virgin, Phil Bayly, Kevin Murphy the system exhibits a wide range of dynamics which
Department of Mechani cal Engi neeri ng may help explain both normal and pathological
Duke Universi ty behavior in humans. These findings are testable and
Durham we believe they are especially significant in light of
NC27706 recent work being done in the area of experimental

control of chaotic dynamics.

Numerical Experiments in Noise Reduction and Attractor E. Jeffrey Sale, A. Douglas Will, Jeffrey M. Tosk,
Restoration Stephen H. Price.
We describe several numerical experimentsusing the sealed Loma Linda University Medical Center
probabilistic cleaning methods of Abarbanel and Marteau (AM). Loma Linda, CA 92350

In the first case, the frequency spectrum of the Henon Map is

altered, and then restored, by using the AM Algorithm on the

Inverse FFT time series. Second, attractors in a 3D Map are Block Copolymers and the Visual Cortex: the Striped

broadened substantially with additive noise and then cleaned with Pattern

,'_sive passes through the noise reduction algorithm. Third, a There ar_, several sysl(nns in llal 1ire that exhibit a striped

lensity time history for a high altitude Barium cloud release pattern. Some examples arc,: tlficrol)ha,_e separat('d block

led; most of the dominant features in the time series are copolym(,r mixtures, ocular (lomi_atv:(, areas in the pri-
L' uced successfully.

mary visual cortex, fingerprinls arid IIi(' zebra skin. 'l'he

Donald L. Hit,,2 Hivorsity of l]w:w sy._lems suggosls an ,nderlying common

Advanced Systems Studies mecllanism for lh, fornlalion of stripes whi(:h is indeI)ert-

Department 92-20 (hml of tlv. details of rh- particular systmn, hm this work

Bldg. 254E lh(. (:OlJolynv,rs system is comparo(l Ir_ lh(, visual cortex.

Lockheed Research Laboratory A cell d>'lJamical sys|_',lll lllod(,I i)revicmsly used to d('.scribe

3251 Hanover Street lh(. i,ficrophas_, separal i(m in bMck COl)olym_'r m(.lts" is sug-

Palo Alto, CA 94304-I 191 g(,ste(t for tlm for_Tlal i(m (ff ocular H(mfinanc(, slril>(:.s in lh(.

Legesse Senbetu vis_al cor'l_,x.
Applied Physics Laboratory "Y. ()o_o t..kl, l_ahial,a. [)l_>',. l(('v, l,(.tl. (;_1, 1109(1988)

Department 91-10 M. l]ahia_a _, Y. ()on(_. l'l_>'._, l_(.v. ,,\ J 1, G7G3(1990)

Bldg. 251

L_3ckheed Research Laboratory Mo,_i(a ]_al,ial]a
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pellets in a packed bed configuration. Within each porous pellet., a ADDENDUM -- POSTER Presentation
reaction--diffusion system describes microbial growth, cell motility, and

attachment to and detachment from the pellet walls, together with sub-
strate diffusion and uptake by the micro-organisms. A second set of
equations describes tile transport of microbes and substrates in the Effective Potentials and Chaos in Quantum Systems
bulk fluid ttowing through the macro-pores between tile individual l)el.-
lets. "l'heve two systems of equations are coupled through boundary The usage of the technique of effective potentials dynamically is
conditions describing transport across the pellet-bulk fluid interface, motivated and established. The l-Loop effective potential (1LEP)

Using a combination of dimensional analysis, singular perturbation and the Gaussian effective potential (GEP) are derived from

methods, and numerics, we obtain a much simpler "lumped param- Ehrenfrest's theorem by using adiabatic elimination. An
eter" system of differential equations. The model parameters are used application is made to the Henon-Heilesproblem and comparison
to fit laboratory data. In addition, we may discuss some interesting is made with previous results; it is shown that quantum effects

aspects of the steady-state behavior of the system, destroy chaos in two ways: a) quantum fluctuations make the

Jack Dockery. curvature more positive and b) tunneling dominates the dynamics.
Curt Vogel Further,this technique is applied to a time-dependent system (the
Department of Mathematical Sciences forced Duffing oscillator) and the effects of quantum mechanics

Montana State University are studied through the Melnikov flmction.
Bozotmm, MT 59717

Arjendu K Pattanayak & William C Schieve

Planting and l-larw_sting fi_r Pi,ricer-Climax Models Prigogine Center for Studies in Statistical Mechanics
and Complex Systems

K_,lmogorov-type syslt.m,_ _f ordinary differential equations arc pre- Austin,TX 78712
Selded, where lwr capita growth rates are eithcr dccrca.sing (pioneer)
functions or olw-huzlq_ed (climax) functions of weighted population

d,'nsilies. Varying a, intraspecific crowding parameter destabilizes the
systoln and may result in chaotic attractors. This eft'ect tnay be re-

vers_,d by planting the pioneer or harvesting the climax population.
Tlw dynamical behavior of lhese sysl,etrls is analyzed using averaging

ljtelh(_ds and bifurcation thc,.)ry.

.la,tl,s I:. Sclgradc
l)_'parl m,_nt of NIat h_,mat its

N,_rth Car_Jlma State llmverist.y
Ral,'igh, N(_' 27695-8205

On the Bifurcation of Positive Solutions

Arising in_Population Genetics

A semilinear elliptic equation is considered,

which arises in population genetics, involving

two alleles. It is assumed that the selection

coeficient varies over _n, but the t_9 alleles

are equally advantaged overall.

The problem is studied on all of lRn n=1,2.

Existence and asymptotic properties of solutions

are investigated and, by using ODE methods type

arg_nents, global bifurcation results are obtained.

Nickolaos Stavrakakis

Department of Mathenlatics

National Technical University

Zografou Campus 157 73
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