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Project background and description

Soft matter includes: liquid crystals in your laptop screen, emulsion in your mayonnaise, and
colloidal suspensions in many household products. Although the microscopic details of these
matter are quite complicated, e.g. they might involve hydrogen-bond, or complex chemical
interaction, the macroscopic behaviours of these systems are often very simple. One important
result in statistical physics basically says that the macroscopic properties of these system can
often be derived from symmetries alone (the same reason the standard model of the universe can
be derived from symmetries).
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Figure 1: Nematic to splay-bend phase transition in tear-drop-shaped molecules (Ma and Tjhung,
Phys. Rev. E., (2019).

In this project we are going to use a variety of computational and analytical tools study the
macroscopic behaviour of soft matter. More specifically we might be looking at: the phase
behaviour of complex molecules, collective dynamics in living tissues and the effective viscosity of
biological soft matter.

Some computational tools we use include computational fluid dynamics (e.g lattice Boltzmann
and pseudo-spectral method) and molecular dynamics. Students will also be expected to learn
and apply new mathematical methods such as solving stochastic differential equations, evaluating
path integrals, and using perturbation methods.
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