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All progratntnes will take place in Lecture Room MI 7 of tbe Mathematics Institute
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PnocRAMME
Rrstnnor

Monday 7th June rggg
TIIXEDO The UK Spaüo,lly Extended Dgnannies Organisatüon

Organiærs: Dauiil Rard
,o.oo - li,oo Cqfr..

,rao - leJo lran iel Margerit (Wanoiù): §tttgulo.r px,ràiu.batlon qtmtbnslor gD e''cita'ble rr{.edi,,.

the woùelronts ondfùtntenÉ h exitable m{xlio.

E.zo - ,.oo Nlgel Burrottghs: T-æll ce|f assessmant: phyciologio.lly r;tructtæd grotttth modelt.

is Êelectd.

z.oo - z4o IJan s llenri* R:Wh (Wanai&): Couplad nqlc o,nd olro.lg,tiafrlmctûora qlr.æs.

b.,/Jrds lor o Pen\rn Frc&ni$ operatut associlrt?d aith the @tpled ,nop-

2.5o - gJo Vesu.I<odclbrry (@mffige): ExttËctt Boutdstor ænt'hrnmt'lon ûbtY,.thar',.
estimarxs arc based on thc €,eistance proû d Macxoy and Aubry, bg conrinÙ,'tio,ti?.rn rhe onri-intugruhlc (ÿncoupled) limît

g,4o - 4.2o cW GicHp (Co,mbrtdee): A tæut ihaæ t a nsltlon?

to the context of (infinitely dimensional) deterministic dynamics. Iftrs rsTbrnt workwith Robert MacKay.

4.So - S.7o Totn Brtdges (SuneA): Sympleetic Po,ttern Fortno'üotu
Abstract: Symplecüc pattern formation is the study of patterns in sptially extended sysfems which also haue some element o;f conseruation or sym-
plecücity. The natural structure for such systems is mulü-symplecücity, uhere distinct symplectic structures are assigned for the space and üme direc-
üons. In this talk ue will foctts on the transuerse instability of solitary waues and fronts. Giuen a solitary uaue or ÿont propagaüng in one spü
direcüon, a transuerse instability rs an instobility propagaüng in a direction transuerse to the original waue direcüon. We show that mulü-symplec-
ücity giues a natural geometric instability criterion for such patterns.

g.to Wine ætd. sna,cks in tlæ Mathematücs Instürute Corntnon Room-
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Daniel Margerit and Dwight Barkley

http: I lvww. maths.warwick.ac. ukf ^,6margeri f

Waves in 2-d and 3-d excitable
media

Reaction-diffusion model

Excitable media, such es nerve fibers and heart tissue,
are ÿpically modeled with reaction diffusion equations

containing trr,ro chemical species that anolve on very
difFerent time scales :

eùulùt _ e2§2u*f(u,u)
Ùalü : e6§2u*g(u,u)

with e ( 1.

ln the Dwight model

1@,u) _ u(L - u) (u - utn)
g(u,u) - u-u

rhn - (a+b)/a

- Typeset by FdEbX -



Waves solutions

This equation has stationnary waves solutions :

Spiral waves in 2-d :

Figure L: The u field

. Scroll waves in 3-d :

Reasons for the motion of the filament ?

- Typeset by FoilT[X -
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Coordinates
Fila rnent

X - X(s, ü)

K: curvature

Local coordinates

M(r, P, s) ("r, e* t)

x - OM - X(r, ü) * re,(g, t,t)

Figure2: The central curve C andthe local co-ordinates
of the scroll filament

- Typeset by FoilT[X - 4

and geometry

torsion

(t, n, b)

X(t, t



lnterface

S - S(r, s,t) I - ë(r, s, ü)

f, : OP - S : X(s,t) + rer(o(r,s,t),s,,t)

!t, - rÙQlùr x- oT +Q, o(s,t): lx"l

*)

- Typeset by FoilIEX -
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Asyrnptotic Expansions solution
Unknown

tl-ro- 
Fife sca ling 

-

u(r,g,,s,t,e) ? u(r,g,s,t,r) ?

X(r,t,e) ? O(r, s,t,e) ?

t - tfeL/t
fr : rfez/z
e - el/s
ô - 6L/s

New form of the system

,zoufat
0ul0t

,2 L2u + T (u,, u)

63 L2u * eg(u,a)

with e ( 1.

Ëxpansions solution

o Curves and Surfaces :

X(, ,t, e) 1(o)(r, ü) * eX(t)(s, ü) + ...
O(r, s,t,e) q»(o) (r, r,t) +.q(t)(r, r, f) + ...
ÿ(r, s,t, e)

T ----! L-- l-^:lruV

E(o)(r, ,, ü) + eÿ(1) (r, t, ü) + ...



o Outer region:

u(o) (r,r,rp,t) * eu$)(r, s,g,ü) +...
u(o) (r, r,g,t) + eu(1)(r,, ,g,,t) + ...

o lnterface boundary layer :

(r, s, €) coordinates

x - OM - X(r, ü) * ie,(O(i, §, ü), s,ü) + €N

ui(o) (f , r, €, t) * eui(l) (f , s, (, t) + ...
ui(o) (f ,s,(, t) * eai(l)(i, s, (, t) + ...

where ( - €lr.

o Core boundary layer :

u"@) (r, r, r,t) * eu"G) ?, s,F,t) + ...

where r - rle.

-r---^--r L.- l-^:lruv

u"@) (r, r , t ,t) I eu'(') (r, E, f ,t) + ...
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coo-Loir**, (r-Jquations 
in local coordinates

e2aufat - ,2(h*r,u,#)+ h*r@,#)+ rrr"t)
*e2 (X ",ff+ (x * rei,)-".I#+ (x * rd,) .

+x .",!+ (x * ri,) ".I#+ (x * ré,) .t?{u
o?

+ f (u,u)

,r")

7{u - lhs[r*l e *#1



Coordinates (f, {, ")
,2au1at

0u/0t

Y"u

L"u

I

E
(Daor+
r
-Tt
o.
É
tfJ
X
I

u
b

+

N

'#)
ôu\
'æ)
H220u

Tæ

u)

" ?..1

,U,

+

u
=',r

u.
-)s

:*r

î))

0u-
aF)

,2 (o", .h&rn,,#r) + t(u,u

*e2 (x * , (o"** n,) * eN) . (o",

5s (o", .h&*n,,#r) *es(u,,

* (x + r(*", * n ) * eN) (o",,
Ei (+#.+*)+E;(+#
i, G(s' 

/' s"ffi * *(g' 
/' g*X

h ?*@'/' s"ffi * *(g'/' s*3



Solution
Outer

o Leading order :

-0

(u(ol), u(o)) - o*(u(ol;

I /, (u(o), u(o) )

s@*

*u$

/(u(ol, u(o);

6o@) l0t

o First order :

/"(u(o), u(o))

Core

0

l---

0Ë

o

7ui'(o)
0

62fi,(a)

a€,

7uG) læ -
uG)

o Leading order :

lnterface

Leading order :

*(o) -

- Typeset by FoilT[X -
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The matching law leads us to

ui(o) - -o),(o) (€

ui(o)(§- *oo) - u*(o)(€: o)

ud(o) :1)'-alT-b U(0) : ,tJs

ud(o) - (, * e-€/rt) -'

o First order :

6zri(t)
-ud(r) h(ui(o), r")

-r0e, N A-

+ ui(t) f uçur{o) , u') _

+2Haun:)
aË

Solution and matchins (Uu and Il$ - u)) :

6rQ) l0t - s*(u(oly

h's,

11- Typeset by FoilT[X -
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H-

a1 - ,x'l-h'r'it' + roK sin lD]

+hiz oI([ÿ cos O + sin Q]

0ht"+rx# - rhlx,
os

r ô ÿuQ)
:y T;-ü haQ

Coordinates ir, t, ç\ that fixes the interface

g - Q +O*(r,r,ü) + (O-(r,r,ü) - O*(", ,,t) - r)sinz l,2

Q:0 p:r

Then :

6rQ)

- Typeset by FoilT[X -
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Stationnary solutions

5 im pl if ications

K-T:0 hâ:o-t X:r
Outer solution

-a(o)Au(1) laç _ s+(u(ol;

(1 + r2r2)0v l0r - -!I'(1 
+ it'2)(1 + 1212)

r
+r(1 + r2r2 + ÿ',)

-B(1 + r2r2 aEzlz/z
+!tr(l + V2)rr2

where the lengths r is the previous multiplied
and

The houndary Iimit at infinity gives the numerical value

of B.

B-{+(1 - u,)2nu 
2a w3,

by tfr

- Typeset by FoilT[X -
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0.8

0.6

0.4

4.2

0

Figure 3: Evolution of B a function of the twist r

Figure 4: Shape
r - 2 (dashed)

of the spiral for r - 0 (solid Iine) and

2.51.50.5

T

as
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Comparison with Direct Numerical simulations

of the stationnary solution

(^) ?ro0.5

0 0.u5 0.5

€

Figure 5: u as regard of e in the Fife scaling

BGi)

0
0 0,4 0.

Tz

Figure 6: u as regard of r2

- Typeset by FoilT[X -
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Perspectives
o Equations for ÿ(t)(r), correction of the shape of the

spirat, value of u(1) in 2-d stationnary

o Equations for ÿ(1)(r, ü) in 2-d no stationnary

o Equations for O(t)(r, s,,t) in 3-d (no stationnary)

o Notice : same operator than linear stability of the
leading order stationnary solution. Papers about
drift: motion- matching with the core for the
pertu rbation.

o Equation of motion for X as a result of a matching
with the core at first order

o Particularcase K<1

o Numerical solution of the leading order on fixed
bou nda ry

o Helix solution ?

- Typeset by FoilT[X - 16


