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Pattern Formation with Anisotropy and Quantitative Analysis

Shonosuke Ohta
(College of General Education, Kyushu University)

A model of dendritic pattern formation including surface kinetics in Laplace field is
studied by Monte Carlo simulation in two-dimensional square lattice. Kinetics of Brown-
ian particles in the field follows diffusion-limited aggregation (DLA) model. The surface
kinetics is parameterized by surface diffusion times, number of atoms of surface nucleus
and hopping parameter, and also the growth mechanism in kink or step is contained.
Patterns of (10> dendrite, DLA and <11> dendrite are realized by the charige of the
hopping parameter which is defined by the ratio of the hopping probability directed to the
next nearest neighbor site and that to the nearest neighbor site on the cluster surface. We
get the radii of gyration, £y, and %y, along and perpendicular, respectively, to the <10>
axis, and simultaneously get ki, and k. to the <11> axis. Pattern anisotropy is
determined quantitatively by the expression (%, — k. )/ (kur+ k&, ), which gives positive
value for <10> dendrite and gives negative value for <11)> dendrite. From the analysis
based on the self-affinity of dendritic pattern, we obtain two scaling exponents, v, and v,
along and perpendicular, respectively, to the <10> and/or <11> axis. Then, we get
fractal dimension 4, from a relation d,=1+(1—v,)/v. based on the finite-size scaling
analysis as a function of pattern anisotropy. Results show that 4, has smaller value than
that of DLA in the limit of <10) anisotropy in which side-branching growth is dominant,
and show that d is nearly constant having the value of DLA over the wide range of pattern
anisotropy, i.e., in the range of all <11)> dendrite, DLA and <10> dendrite with tip
-splitting growth.

Key words: Fractal, dendrite, crystal growth, Brownian motion.



