Dewetting & Logistic Equation

two examples for an exact functional renormalization

-dewetting transition

|ogistic mapping, Feigenbaum constant
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dewetting transition

/A
fluctuating liquid-gas interface is described by a
"~ gas ° membrane in an external potential V{J), ={(x)

[ A H(l| = / dx [% (VD)2 + V(z)}
O surface tension

a) AFM recording of
an experiment with a
3.9 nm polysterene
film on an oxidized Si
wafer. b) Simulation.
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dewetting transition

L. e Liquid-gas interface will be described by
a discrete model /(x )=/ in 1+1 dim

N

Hl; = Z “ (li = i) + V(1)

f’”"/ = 3=1 .
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- the wall T—T— !

Transfermatrix:  7'(/,{')
Proper rescaling of vaiables: z = m , U==p V(\/.Tﬂ ¥4
T(z,2') = exp [—;(3 s IR l (U(z) + U(z’))]
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Symmetrized bare potential: [/°(z 7')= 1 U()+U(2"))
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dewetting transition

» we integrate over every second degreeof freedom [ > 7'=71of
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*we have to rescale the system in the /- direction:

-> scaling behaviour of the fluctuations of the free interface:

—~ S : roughness exponent
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x-directionrescaledby: 2 7T 1> ToT

>
\1\4/ y-direction rescaled by: @ zZH> 2\6
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dewetting transition Abb:Funktionale
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bare potential:

U'(z,2') = %(U(zp U(z"))

Abb. 10: Einige Fterationen der RG am kritischen Punkt im Unterre.
gime . Dargeatolll yind die Diogonalelemente U':H:'Ifz,:] des Potents-
als, Der RG-Fiuf konvergiert nicht gegen einen Fizpunki,
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*microscopic fluctuations lead to a renormalization of the interaction potential U{z,z") on
larger length-scales

we do not consider the flow of couplings but the flow of U{z,z’) in a space of all possible
functions

*two non trivial fixpoints are:

Ui(z,2')y = —In (1 i ”1) = {(z+«2!)




dewetting transition

*All important thermodynamic properties can be extracted from the eigenvalues of T

eigenvalue equation: Ty (z) = / dyT (x,y)(y) =4,
0

*spectral resolution of the transfermatrix/potential:

exp[—U(2?)] = V2rz - €$P[—22];{v(32)

v>—1 modified Bessel function
of the first kind




dewetting transition

the line of exact fix points:

=Asymptotic behaviourof the P 1
fix points: = _gg(g - J)
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Logistic equation r=2.5 r=35
xn+1 =r- xn(l _xn)

*Feigenbaum constant:
A/\n—l
=0=4.6692...
A\ d 669

edifference from starting point 1/2 to 'ﬁéllue at half the orbit

bo =

) ~ —oa = —2.502907875. ..
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Feigenbaum’s renommalization equation:
The fact that 5 , are universalfor a large class of systems is related to the
existence of a universal function: (fixpoint equation) o(2) = —go(o(z/a))

b [ =




Logistic equation

x =r-x(1-x )
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A simpler denivation of |
g ; 0.54
Feigenbaum’s 0 200 400
renommalization group J
equationfor the period- _ - o
doubling bifurcati Fig. 1. Two plots of the time series of x values for the logistic map (x;,
OURIINE DIMTcatinn =Ax;{1—x;)) with the parameter value A =\, =3.569 945 669..., starting
sequence— with x;_,= Ij Note that the axes have different scales in the lower panel
S.N. Coppersmith, than in the upper panel: the horizontal axis is compressed by a factor of 2,
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and the vertical axis is inverted and expanded by a factor of 2.5.




Summary

*Wetting, dewetting transition: bounded/unbounded interfaces

*Real-space decimation RG, fixpoint equation for transfermatrices

*Exact line of fix point potentials in 1+1 dim

*Logistic equation
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