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Abstract

We consider the problem of whether the three-dimensional checkerboard has the connectivity. For
this purpose, we first consider the problem of determining the effective conductivity of a
checkerboard-shaped composite material by the Brownian motion simulation method. Specifically, we
use the efficient first-passage-time technique. Simulation results show that the effective conductivity of
the three-dimensional checkerboard increases faster than the two-dimensional counterpart as the contrast
between the phase conductivities increases. This implies that the three-dimensional checkerboard's
connectivity is stronger than the two-dimensional checkerboard's and thus each phase material of the
three-dimensional checkerboard is more likely to be connected than not to be connected.
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Fig. 1 Effective conductivity of a heterogeneous
material in which the conducting material is
dispersed in  the insulating  matrix.
Conductivity increases as the volume fraction

of conducting phase increases
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Fig. 2(a) Checkerboard geometry in two-dimensions

Fig. 2(b)Checkerboard geometry in one-dimension

Fig. 2(c) Checkerboard geometry in three-dimensions
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Fig. 3(a) A Brownian walker starting from the origin
eventually arrives at the boundary of the
first-passage cube of volume 8L3. The
homogeneous first-passage region is consisted
of eight identical unit cubes
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Fig. 3(b) A Brownian walker starting from the origin
eventually arrives at the boundary of the
first-passage cube of volume 8L3. The
heterogeneous  first-passage  region  is
consisted of eight wunit cubes. Here,
L=00\+02, and 20=302,+38,;
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Fig. 4 A Brownian walker makes an initial jump
of distance R, to the boundary of the first-
passage region. It crosses the two-phase
interface for the first time in the sth jump and
reaches the sample boundary at the Nth jump
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