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Animating Matter: Reaction-Diffusion
Patterns of Motion from Molecular
Motors to Cilia, Microfluidics and Robots

In this talk, Polymaths Lab (https://www.polymaths-lab.com ), Bristol, follows the journey from molecular machines to robotic systems
that move, sense, and think through matter itself. We explore how molecular motors inside cells self-organise to make cilia and flagella
beat, and how their 3D structure shapes their rhythmic motion. A pattern-formation model based on chemo-mechanical coupling (Cass
& Gadelha, Nature Communications 2023) captures the cilium’s wave as a self-generated pattern requiring no external sensing of the
fluid. Internal dissipation from the motors alone reduces the physical interactions to a simple reaction—diffusion system for patterns of
motion, matching experimental data from sperm and algal beating. A 3D multiphysics model further shows that planarity of motion
emerges spontaneously from teams of molecular machines competing within their whip-like structure. High-speed 3D microscopy reveals
that sperm generate counter-rotating vortices and spin like tops to swim straight, even with asymmetric beats (Ren & Gadelha, Advanced
Science 2024). Building on these principles, we translate collective motor behaviour into engineered systems. Recent work on artificial
muscles shows that simple networks of coupled actuators, interacting through a shared medium, can reproduce muscle-like coordination
and wave propagation without central control (Warmington, Rossiter & Gadelha, Journal of the Royal Society Interface 2026 - These
systems offer a route to soft machines that compute through their body, where function emerges from interaction rather than explicit
programming (https://www.bristol.ac.uk/news/2026/march/researchers-discover-way-for-motors-to-mimic-real-muscles.html )
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Hermes's passion for patterns began in Brazil, watching mesmeri-
sing dendritic flows and wondering how nature organises its

motion. That curiosity grew into a career at the crossroads of Centro de Tecnologla, Bloco

mathematics, physics, biology, medicine, and soft-robotics. In G -sala-219

2019 he foundgd the Polymath; Lab at the }vaersﬁy of.Brlstol, Cidade Universitéria, Ilha do
where he and his team use creative mathematics and experimenta- N

tion to uncover how living systems move and think—from swirling Fundao

microbes to muscular motion and intelligent soft-robots. Before
Bristol, Hermes completed his DPhil at Oxford, followed by ] . B
fellowships at Oxford and Cambridge, and a lectureship at York. ~ Maiores informacdes:

His mission is to inspire others to decode the beauty of natural www.mecanica.coppe.ufrj.br
patterns that surround us.
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