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e Content

1. Inverse problems
2. Reaction-Diffusion equations

3. Fisher equation-constant diffusion coefficient
(Based on [6])
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1. Inverse problems

e Direct problem
r+Yy=

T —y =

Then the solution is
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® Inverse problem
(

ar + 1y = 2
s r—y=0

\

Suppose above system of equation has unique solution, then

a=1

the additional conditions.

-

» The inverse problems is to seek the coefficients (properties) of equations from
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examples

® Inverse obstacle scattering problem:

(

U = ui s ’LLS, ui — ez'k::c-d
Au + k?u = 0, inR2\ Q
u =0, on 0f

\ hm|x|—>oo \/ |ZC|(3|L;| — ’Lkus) =0

» Determine the shape (and the location) of the domain, €2, from the far-field

pattern (additional data), u... Where

Uoo (T, d, k) = lim w®(z,d)/|z|e "I

|| =00
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e Fisher equation:
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2. Reaction-Diffusion equations

d .
Eu(a:,t) — f(u) +divJ =0

With J = —DVu,
d

Sul@,t) =V (DVu) + f(u)?

3[1]Turing(1952)

-

Department of Mathematics, lowa State University, Ames, |IA 50011

Page 7



Reaction-Diffusion Equations and Inverse problems

4 N

examples

e Fisher equation;
D is a constant, and f(u) is the logistic model.

e Nagumo equation;

D is a constant, and f(u) is a cubic.?

4[5], Murray or most of textbooks
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e Fisher equation-Inhomogeneous growth conditions?;

%u(x, t) = DAu(z,t) + U(z — vt)u(z, t) — bu(z,t)?
U(x —vt) = a, x —vt| < W/2
where,
U(x —vt) = —ea, |x—uvt|]>W/2
4[2] Lin. et al.
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e Fisher equation-The diffusion coefficient depends on the total population.?

[y = ﬁum + au — bu?, (z,t) € (0,1) x (0,7
u(0,t) = u(l,t) =0
’LL(QZ’,O) — uO(Qj)v T < [07 1]

N\

\

1
where, P(t):/ u(x,t)d.
0

If D(P) = P, then a population is anxious to quickly move out of territories

with low population densities.?

-

2[3] Ackleh
bsee also [4] and reference in there
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3. Fisher equation ®

e Stationary population

2

Sue,t) = D (e, 1) + aule 1) — (e,

u(—w,t) = u(w,t) =0

Set % — 0, then

Au(€) + au(€) — bu*(€) = 0
u(tw/vD) =0

where, £ = 90/\/5

4[6] Kenkre, Kuperman(2003)

-

Department of Mathematics, lowa State University, Ames, |IA 50011

Page 11



Reaction-Diffusion Equations and Inverse problems

4 N

e The elliptic solutions® of stationary population equation.

u(€) = LA (k)ed*(Vafa(F)E k) + fo(k)]

where,
§

(k) = (32821 + k0) 12
8 folk) = (1/2)(K2 + k)~ 1/4
L fs(k) = (1/2)[1 — (kQ + 1)(k’2 4 k4)_1/2]

Here k/° = 1 — k2

4see [7] for the elliptic function cd
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e Recover a, b, and k from the observed data by least squares method

min > [|6(&) - u(a, b, k; &)

a,b,k

where, ¢(&;) is the given data.
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The data are plotted as circles and the full line curve shows the best fit.
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e Applicability of the fisher equation.

In (a) the Fisher equation can be considered applicable while in (b) Nagumo

equation cannot.
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From the data u(&;), compute v (£;) numerically.

second derivative of u is plotted against u in the two cases (a) and (b) of Fig. 3.
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