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The Active Matter group studies the macroscopic dynamics of systems driven away from equilibrium by microscopic
interactions [1–7]. Some of these active systems are also studied by biologists, and these living systems naturally lend
themselves to interdisciplinary research with broad implications for potential impact [8–11]. Bacterial suspensions are
amongst the living systems that we study in the group [12].

Swimming bacteria, such as E. coli, excite Stokes flows in the fluid around them by rotating helical filaments called
flagella [13–16] (see fig. 1d). Sufficiently far from the cell, the excited flow is well-approximated by a dipolar field such
as that shown in the upper panel of fig. 1a. These flows advect and rotate neighbouring bacteria, giving rise to complex
and nonlinear collective flow phenomena such as bacterial turbulence [12]. The dipolar approximation has been crucial
in modelling and understanding many of these phenomena [16, 17]. In a cell’s immediate vicinity, however, complex
and time-dependent near-field flows diverge from this dipolar approximation, as illustrated in the lower panel of fig. 1a.
A key technique in our lab is negative magnetic tweezing using ferrofluids, which affords us a minimally-invasive way to
apply forces and torques to non-magnetic colloidal objects, such as bacteria. Using this technique, we have produced
collective states with bacteria held in such mutual proximity that these near-field flows become relevant.

In this project, you will review the literature on flagellar propulsion and model these hydrodynamic flows, the
resulting stresses, and the interactions they mediate between cells. The scope of the project will be scaled according to
your prior experience with hydrodynamic simulations. A hook anchors each flagellum to a motor complex embedded
in the cell’s surface. Under typical conditions, hydrodynamic interactions cause the flagella to spontaneously gather
into a relatively rigid bundle akin to a corkscrew propeller for propulsion. However, during swimming the flagella
themselves can also undergo discontinuous shape transitions in response to stresses (see fig. 1c), giving rise to 12
distinct metastable polymorphisms (see fig. 1b). Despite the complications these transitions bring to the analysis,
recently published simulations [18, 19] (see snapshot in fig. 1d) using the open source package LAMMPS [20] have
successfully reproduced normal run-and-tumble swimming observed experimentally. With the support of your advisor,
you will run and analyse similar simulations adapted to the experimental conditions in our lab. Candidate selection
will focus on good study records and an understanding of low Reynolds number hydrodynamics. Experience with the
Triton cluster, coarse grained molecular dynamics, and scripting in bash and python are considered a bonus.

(a) Flow field created by a sin-
gle freely swimming bacterium
[21]. Upper: best-fit force
dipole flow. Lower: difference
with measured field.

(b) Illustration of the 12 poly-
morphic shapes of bacterial
flagellar filaments [22].

(c) Force-extension curves
showing discontinuous poly-
morphic transitions in a
flagellum stretched with
optical tweezers [23].

(d) Recent bead-and-spring
model of E. coli. Flagellum in
blue has undergone polymor-
phic transition. DPD solvent
not shown [19].

Figure 1
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Topic description

Spontaneous emergence of patterns in planar confinement of two liquid systems using electrohydrodynamic
(EHD) shear is a novel research topic that is being vigorously investigated in the Active Matter group [1–3]. At
low voltages these systems exhibit vortex flows (i.e. Taylor cones) that upon increasing the voltage assemble into
reptating chains, networks and lattices. As the voltage increases, the characteristic length scale of the system
decreases. The current interest is to investigate the systems above an upper voltage threshold levels where the
bicontinuous fluid phase is broken down to densely packed collections of small droplets that exhibit multiple
light scattering [4, 5] resulting in highly reflective material with application for tunable display materials.

We are looking for enthusiastic students for this experimental summer project involving high speed imaging,
visible-light microscopic, and spectroscopic experiments. Experience in batch processing of data and images
in either Matlab or Python is considered as an advantage, but not mandatory. The project is suitable for a
Bachelor’s thesis or for a special assignment.

Figure 1: Examples of EHD shear driven systems exhibiting complex behaviour. From left to right: 1) Quincke
filament formation at the interface of two liquids (reproduced from [1]). 2) Assembly of vortices into reptating
chains. 3) Lattice formation 4). Dispersion of fluid to glassy state.
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