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Interfacial Mechanics and Broken Symmetry - from Fluids to (soft) Solids

Several topics of interest to my group are centered around the mechanics of interfaces and
how their geometry both effects and reflects symmetry breaking in physical systems. I will
focus on two examples, one from fluid mechanics and one from the description of soft matter.
In zero Reynolds number flow, we show that systematic particle manipulation (net displace-
ment across streamlines) is possible if the Stokes flow correctly breaks geometric symmetries.
Using a rigorous description of hydrodynamic interactions between a spherical particle and a
boundary, we demonstrate particle accumulation at predictable positions in bulk flow, as well
as particle capture at predictable locations of the interfacial boundaries. Even at vanishing
Reynolds number, there is therefore potential for microfluidic filtering applications. In the
study of tissue mechanics, 2D vertex models have predicted a loss-of-rigidity transition that
can be diagnosed from the shape of the cells or domains. In collaboration with biologists,
we show that such predictions are qualitatively wrong for the well-studied system of MDCK
epithelia, that symmetry breaking along the apical-basal axis is an important feature of the
tissue morphology, and that therefore a 3D model is necessary to make diagnostic use of cell
shapes. We construct a novel continuum mechanics theory based on elastic shell theory of
cell interfaces that allows comparison with high-resolution shape data as well as direct in-
corporation of spatially resolved active stresses from actomyosin contractility. The resulting
tissue elasticity formalism demonstrates an interplay of tissue rigidity and integrity that is
very different from the results of vertex models, and is in agreement with experimental data.
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