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Benjamin Ong, Simon Fraser University

I. Introduction

MINIMAL surfaces arise in many physical situations,
the most familiar being soap films attached to wire

boundaries where surface tension is the predominant force.

If a surface is locally minimized, then that surface has zero
mean curvature [3]. The idea behind this algorithm is
to evolve an initial surface according to mean curvature
motion until a steady state solution is reached. Dirichlet
boundary conditions are imposed to attach the surface to
the wire boundary.

II. Model

The PDE that evolves the surface is given by

∂φ

∂t
= κ(φ)|∇φ| (1)

where φ(~x, t) is a function of x and t, and κ is the mean
curvature given by

κ = ∇ ·
(
∇φ
|∇φ|

)
(2)

The boundary condition is specified such that (φ = 0) on
the domain boundary corresponds to the wire boundary,
(φ > 0) is outside the wire boundary and (φ < 0) is inside
the wire boundary.

III. Femlab Implementation

The evolution of a cylinder towards a minimal surface was
tested. (In this test problem, the wire boundaries are cir-
cles on opposite faces). There are 3 possible solutions:
• two flat disks
• a catenoid
• a catenoid with a disk sewn in the center

The following PDE was coded into the 3-D time dependent
linear PDE option.

1
|∇φ|

∂φ

∂t
= ∇ ·

(
∇φ
|∇φ|

)
(3)

with initial condition

φ(~x, t = 0) = R−
√

(x− xo)2 + (y − yo)2 (4)

and boundary conditions

φ(x = 0, t) = R−
√

(x− xo)2 + (y − yo)2

φ(x = 1, t) = R−
√

(x− xo)2 + (y − yo)2

φ(y = 0, t) = ...

...

φ(z = 1, t) = R−
√

(x− xo)2 + (y − yo)2

IV. Results

If the height of the cylinder was sufficiently large, we ob-
served the splitting catenoid evolution, although the sys-
tem did not reach the two flat disk steady state. This is
presumably because redistancing was not implemented.

The stable catenoid was achieved with proper scaling of the
parameters.
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The catenoid with a disk sewn in the middle was not at-
tempted.

V. Comments

Simulations were done on an 800mhz Athlon system with
1Gb of memory. Due to computational limitations, the 3d
problems are not well resolved.

Part of the power of femlab is the geometric modelling.
It appears quite straightforward to impelement more chal-
lenging boundary conditions. The initial conditions can
then be approximated by a signed distance evolution,
|φ| = 1.
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