
Microswimming navigation in external fields 

The proposed project is for undertaking a research on swimming cells, e.g. bacteria, green 

algae and sperm interactions with external fields such as flow, temperature and viscosity 

gradients. The challenge of the project is to understand how the cells navigate under external 

physical stimuli, provide a physical description and modelling of these processes. Recently, 

we have described robust mechanisms of sperm and chlamydomanas navigation in external 

shear flows [1] (rheotaxis), and following boundaries navigation [2] (surfotaxis), however, 

further studies are needed to elaborate the details of these mechanisms. It has also been 

known that flagella modulates its dynamics as a function of an external force load, 

consequently modulating velocity and the rotational diffusion of the cell. Analogously to 

bacterial chemotaxis, other cell taxes can possibly be described through the changes in the 

cell rotational diffusion and velocity variations as a function of the external forcing as long as 

the response mechanisms are described. The student undertaking the project will have a 

chance to learn and apply a wide range of experimental analytical techniques, such as 

lithography, microfluidics, video-microscopy, microbiology methods, image processing 

techniques, Brownian dynamics simulations etc. throughout the research The research is very 

likely to lead to bioengineering applications for rectification and manipulation of biological 

swimming cells in various environments.                                                   
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Figure 1: (a) Sperm cell departing from a sharp corner, and (b) motile green alga C. reinhardtii scattering off 
a flat surface, Scale bars are 20 micrometers [1]. (c) Reconstruction of 3D rheotactic motion for sperm flagella 
[2]. Scale bar is 10 micrometers. (d) Microfluidic device for studying collective motion. Motile cells gradually 
concentrate in the central region by microstructured channels (unpublished) Scale bar is 500 micrometers.  


