
On The Transition Between Planar and Helical Wave Propulsion

Sperm cells swim by a beating tail that undergoes different patterns such as planar wave propulsion and helical wave
propulsion. In this work, we will investigate the transition between these two locomotion mechanisms in Low Reynolds
number environment. Sperm shaped microrobots will be fabricated and controlled using helmholtz coils that are
available in MNRLab. Rotating and oscillating magnetic fields will be used to achieve the transition between the helical
and planar wave propulsion.

Objective
We will fabricate sperm shaped microrobots which we
refer to as MagnetoSperms using electrospinning. The
ability to enforce a transition between planar and helical
locomotion using dynamic magnetic fields is the objective
of this work. Motion of MagnetoSperms will be tracked
using high speed cameras and the influence of the
external magnetic field on the beating flagellum will be
characterized.

Tasks
• Fabrication of MagnetoSperms using electrospinning

(Fig. 1);

• Motion control of MagnetoSperm using helmholtz
coils;

• Characterization of the helical propulsion using
rotating magnetic fields;

• Characterization of the planar propulsion using
oscillating magnetic fields;

• Investigation of the transition between planar and
helical wave propulsion.

Materials
• MagnetoSperms are fabricated using the

electrospinning workstation in MNRLab;

• Helmholtz coils are avaliable in MNRLab;

• High speed cameras are required to track the motion of
the MagnetoSperm and its beating tail.

PREREQUISITES
Students are expected to have a working knowledge
of control theory, differential equations, linear systems,
statics, kinematic and dynamics. Familiarity with
programming, especially with Matlab and C++.

OTHER NOTES
This project will involve a weekly meeting with the
instructors and progress reports have to be prepared. All
reports should be written in academic paper format.

Figure 1. Sperm cells undergo various swimming patterns,
whereas E. Coli bacteria swim by helical propulsion of the flagella
bundle.
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