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Mechanisms and Models

1. Biochemical agenfts

Rheinhardt, et. al. (2000
Jonsson, et. al. (2006)
Smith, et. al. (2006)

2. Biomechanics
J. Dumais and C. Steele, 2000
L. Hernandez & P. Green, 1993

Green, Steele, Dumais (1990's)

-~ =old florets '~

Dumais, Steele (2000) . -

S\ br. Mirtsch GmbH

Strukturierungstechnik




photos courtesy of John Palmer




A -
EaCH A W
Fleming, 2005




Foppl-von Karman Equations

w(r, 9) . vertical displacement X(?", 19) . Stress potential
Stress Equilibrium: D Nt i, X 2 W
DA( Aw— Yo s T R = 1)
stretching  elastic foundation
——
bending
1 |
Compatability: ﬁA(AX) e 5[?1], w] + =0
MR e

g(I', (9) . Auxin fluctuation about stationary uniform concentration/ growth strain

%,
prd & —A*g — HAg — Lg — k1V(gVg) — k2V(VgAg) — 0g®

Newell, et. al, 2008; Dervaux & ben Amar, 2008



_met == AQ@U + PAw + rw — CAX—|— [Xvw] _|_,Yw3

!
Adad Ag <C AR i[w,w] =0

—Cogt = A2g+ HAg + Lg+ k1 V(gVyg) + kaV(VgAg) + duw3

Am :natural mechanical wavelength Ag . natural biochemical wavelength




Analysis
_met e AZw + PAw 4+ rw — CAX -+ [ij] el ’ng
k
_ngt = AQQ i) HAg —+= [0 —+- li1V(ng) — KQV(VgAg) g 5@03

Linear Analysis

in one dimension
w(z) = 7%t cos(kx)

ou(k) 2ik - Pl




Analysis
—Cpwy = A2 PAw + kw — CANE X, w| + yw?
|
Adad Ag <C AR i[w,w] =0
—Cogt = A%2g 4+ HAg + Lg+ k1 V(gVg) + kaV(VgAg) + du?

Linear Analysis in 2 dimensions
w(r, ) = e Rt cog (//r +mb=(l,m)-(r,0)=k- :I_:')

om(k) = —k* + Pk? — 1 B i t
2

A
Om

e

(k) r
y
v
Mo i / :
\ e B2 Y
\ ‘ ol 574
. s 4




Analysis

—Cpwy = A%w + PAwWt kw — va

!
Adad Ag <C AR i[w,w] =0

(1, 1/7)

ks = (lo, 2/7)
ks = (Is,3/m) — )
DT




Amplitude Equations
P = P,(1=Cced

Wi ZAECOS(E Tk

kA
Linear i . v e
EAE + (21(% | i(’?fr I 1;) A,; = a(k)AE

Quadratic Nonlinearity



Amplitude Equations

9, 0. O
a]fAE+<218r

Task: Find wavevectors k’ and ampll’rudes A that
minimize the associated energy ¢(k ¢ Q( Ap)
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amplitude
2

angular wavenumber
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Rhombicity
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solution: Ag(: Alg) L A5(: Ag)




106k Y



1y O )i (v Xz, 21zd)




Q(772..72.)(A7 I'.d,g) — \/Z ( |

basis matrix for a lattice L(A,T,d, g)



S = {x,}; Voronoi cell V,, = {ZF € R? : |T — &;| < |T — T;|Vj,j # i}

/ .25 A . ! 21 T
/ : .17 .l x .19 \

gk v P =19
oS o, AR
4 '4|4352920'1+ PN S0 | 8} 16

| 3] 5

3
e Y 5 = 0.006966




Theorem (see, e.g. Hardy and Wright, Theorem 185): Any irrational £ has an

infinite number of rational approximations £ which satisfy

-~
—~

<

: 1
Rewritten, z|z§ — p| < NG

V5 is the best one can do.

For & = n‘fgifgf& , gom1 — q1mo = 1, the theorem would fail for V5 replaced by n > V5.

Formo=0, mi =1, g =-1, ¢1 =1,

{fm,} =1{0,1,1,2.3,5,8,13,21,34,. ..

(3 — /5) = 0.381966 .




Proposition: Given two Fibonacci-like sequences ¢, and m,,, respectively

' o 7 Qotqady
generated by qp, ¢ and mqg, mq, define g = gymg—qomy, d = e e Then,

mo

. 1
Aim —= p —(mard — qo1,) = NG

lim 2kt (1 d — g )
M2k+10 — q2k+1) = :

Proof: Using Binet's formula, we write

m, ( qo + Q1P+ ) (—1)”(mo + midy) + &° *(mo + mid_)
— | T — {y — :

g “mg +m1oy V5(mo + mi¢y)

Now use that |[¢p_| < 1. B




Fibonacci-like sequences 9,21 € R, 2,1 =2, + 2,1

1 1 Ly+1

For Q) = , = Q"

1 0O

Binet's formula: z,




For mg,m1, qo, q1 € Z, define Q(A,T,d,g) = VA i !
(mod — qo)

i
- l/d - | 74
Qi1 =QQ; Q(AT.dg)=VA g (mod = av)

g(mu—ld — QV—I)

r A
. —(myd — qyu
q0 + Q19+ _ QV(A,I—):'\/Z g( A qv)

d= ,
mo + mio4 (my—1d — quv—1)

1 1 7
G, (AT)=vVA[ v Agrmw e d = )

1 A\ 1 7
1=my,_1(m, _1d — q,, _
o1 v lg v 1( v—1 dv 1)
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