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Activator-Inhibitor Model
(Turing 1953)
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Activator-Inhibitor Model

feedback: part of a system’s output

influences the input

* positive feedback: the system
responds to perturbations in the
same direction as the perturbation
* negative feedback: it responds in

opposite direction
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Wetland ecosystems




Savannah
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Coral reefs




Intertidal mudflats




Zebras

Imperial Zebra: week 5  Mountain Zebra: week 4

B
A

Common Zebra: week 3

(a) Imperial zebra (Equus grevyi)

(b) Mountain zebra (Equus zebra)

(c) Common zebra (Equus burchelli)
Bard 1977 (d) Quagga (Equus quagga).
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TWO-5TaGE TURING MODEL FOR GENERATING ..

Liu, Liaw, Maini 2006
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Jaguar

5 weeks: spots

S
L.

Ct;
T

L
) :". 3 m!:\flﬁ small spots

enclosed by

3 months: irregular
irregular polygons
rings

) T e R ¢ O 0 S i)

FIG, 2. (Color onlined Cout pubierns af @ jpoar a0 differen siages ol growths {a) spos (5 weeeks), (b megulas rings (3 months), b smoall
spads rnchosesd by irrepnlar Beoken wlveems Dadoli



Two-stage model
for the Jaguar

- v W -w w v ety W “E;FI:IJ:-II'_:' IL"."'—‘E"'-I"',L:"-
o 10012990030 0300000000 = LI 00 A
% 99 9% %0 6070 ﬂnﬂ(ﬁ“ \ 1 S LS
o 2020920 20005096T0a 00705000
e e A e
e s ) @000 eyBYORORE OGS TSE

PR I!-"'l.. 'y oy
L . . . . 9 G n g l_: -'lh'l.-u.-f—f':...:-]_
22 .9 I.l .- .. 0%{19 ..I:-{E:L{rﬁi-”{‘ﬁ':_tﬁ::‘-:]_
® o LN .. .'.' .‘:9 ﬂauot]f_?b;‘—{ﬂ' L'i.l'ru'lp:r_-
‘e 909%e%02000%002080 00 0ES
® . aa®,0_0 i alROR0r =00 A0s

(b} (c) (d)
First Stage Second stage

(with different parameters)

Liu, Liaw, Maini 2006



Hexagonal patterns
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Rayleigh-Benard convection

Lane; Christensen-2000
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273K -
Figure 4. A schematic three-dimensional section of hexago-
nal Rayleigh convection cells in an active layer.

Fluid cools by losing heat through the surface
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LAME AND CHREISTENSEN: CONVECTION DRIGIN FOR MARTEAN POLYGONS

Polygons
on Mars

/ Zag, | can’t believe you )
| Justwrote f
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Lane; Christensen 2000 5 km u r o CARTOON

Figare 1. A example of the pobvgonal tecrain on Mars ((he Linge ciiealar lesture Wowaid the Botbom lelt ol

the image may be ssocated with a bursed crater). This 4 o sublrame of a Viking 1 Grbater image ((32415) http'//wwwcoasttocoastamCom/

of palygonal termm m Ackdalia Planitia, centered pear 44.1°M, [RA"W, Muminatson 5 om the upper e

Figure: 1 was prepared by Ken Edgeit st Maloe Space Science Systems /gen/pagezo7html




Martian Polygons

LANE ARD CHRISTENSES: CONVECTION ORIGIY FOR MARTIAN POLYGOYS
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LAME AND CHEISTENSEN: CONVECTION GRIGIN FOR MARTLAN POLYGONS
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olumnar jointing




Giant's causeway . odma

Jagla; Rojo (2002)

FIG. 1. Polygonal pattern seen perpendicular to some of the
columns of the Giant’s Causeway, a tertiary lava How in Antrim,
s Northern Ireland, from Ref. [20] (originally from a map by O Reilly

[21]).
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Create your own
Giant's Causeway

Mix cornflour with equal volume of water;
add some bleach (to stop the mould)

Not part of the experiment, but great fun:
Mess around with it, try to stir it quickly and
slowly, drop objects in it.

Fill into a plastic cup, at least 3-4 cm deep
Leave open in a warm, dry place until the
stuff is completely dry (1-2 weeks)

Look at the cracks on the surface

Cut off the plastic cup, break the starch and
see the columnar jointing



When we dld the experlment...



When we dld the experlment




An experiment
with cornstarch

Goehring (2003); Goehring, Morris, Lin (2006)
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Maturation of crack patterns

MATURATION OF CRACK PATTERNS

:

Jagla 2004
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I Patterns in Nature
I Outline

I 1. Introduction
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2. Waves and oscillations
3. Regularity and chaos
4. Animal cooperation

5. Spatial patterns
6. Aggregation and growth p
/. Cellular automata
8. Fractals
9. Miscellaneous topics
10. Concluding session
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