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The ability to probe the elasticity of soft and biological matter is critical to address several open 

questions in fundamental and applied research. To this end, “optical tweezers” use the  force of a single 

laser beam to trap and deform soft materials [1-2]. While the piconewton force range combined with 

nanoscale spatial resolution has enabled precise rheological measurements at the molecular level 

(polymers, colloids, DNA, etc…) [3], the challenge remains at probing bulky, non-transparent, materials at 

the mesoscale, which require significant stresses to be deformed (mutli-cellular systems, bacterial 

biofilms, complex fluids and gels, etc…). Single-beam acoustical tweezers that use the radiation force of 

sound rather than light have recently been developed [4-5]. In direct analogy with optical tweezers, 

acoustical tweezers can push, pull and accurately control both the force and position of individual 

objects in 3D without any physical contact. The available acoustic force is various orders of magnitude 

larger (1 – 1000 nN), suggesting that acoustical tweezers are capable of applying and probing stresses 

relevant for various mechanisms in soft materials and active cellular systems. From a fundamental 

perspective, performing elasticity and rheological measurements at the mesoscale are key to unravel the 

physical mechanisms connecting the microscopic behavior of a complex system to its macroscopic 

mechanical properties.   

 

Project: 

The intern will use the new acoustical tweezers setup of our lab in combination with high-speed 

microscopy and ultrasonic field measurements (fibre optic hydrophone and ultrasonic imaging) to 

observe and characterize the deformation of model soft matter systems (essentially polymeric gels and 

hydrogels) in response to an applied acoustic stress. By establishing a clear protocol for the calibration of 

the applied force and the observation of the resulting deformation, constitutive laws of deformation will 

be proposed for the soft matter systems. The results will be compared to existing models of 

viscoelasticity (Maxwell and Kelvin-Voigt models).   

Developed skills: 

- Ultrasonic measurements  

- High speed microscopy 

- Image analysis (Python or Matlab) 

- Elasticity measurements  

 



Location & Application: 

Motivated students should directly contact Diego Baresch by email (diego.baresch@u-bordeaux.fr) 

attaching a CV and a brief description of their background and interest.  The 5 to 6-month project will 

take place in the Physical Acoustics group of the Department of Mechanical engineering (I2M), 

Université de Bordeaux. The starting date is set to January/February 2022.  

PhD application: 

This project is likely to be followed by a proposal for PhD applications.   

 

 
Figure 1: (a) Cartoon representation of the working principle of acoustical tweezers. (b-c) example of the 3D manipulation 

(translation + rotation) of several classes of particles (beads, bubbles, droplets…). 
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