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The motion of spherical particles in a simple
ratcheting system with AC Fields
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Ratcheting systems make it possible to control the motion of particles in such a way that it becomes possible
to separate mixtures of particles on the basis of various physical properties (such as charge, size, shape, etc.).
The ratcheting system that we study is a standard microfluidic channel with symmetry breaking obstacles
placed periodically. Zero-mean alternating electric fields are found to lead to a net ratcheting motion of the
particles, whether the field is applied along the channel’s axis or perpendicular to it. The resulting particle
velocities depend on the particle’s size and charge, thus permitting separation. We show that it is possible to
make particles move in opposite directions even though their charge is of the same sign. We then explore the
possibility of using rotating electric fields, with and without channel walls. In the absence of walls, i.e. with a
two-dimensional distribution of obstacles, we show that it is possible to make different particles move along
different directions in the plane.
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