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Study of mechanical rectification effects in colloidal dispersions in a
non-inertial frame
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The Barnett effect is a phenomenon in which mechanical rotation of a
magnetic material causes its spin angular momentum to align along the rotation axis via
spin-rotation coupling, resulting in magnetization. For materials with a known gyromagnetic ratio,
the rotation speed of the magnet can be estimated from the strength of the Barnett field, an
inertial field acting on the material. In this study, we developed a measurement system to detect
the Barnett field acting on colloidal magnetic particles in a ferrofluid and measured their
rotational velocity in a rotating frame. As a result, we found that the rotational speed of
nanoparticles in the fluid exceeds that of the external rotation. Furthermore, we achieved control
over the rotational speed depending on the solvent. These findings indicate that the particles in
the rotating frame are driven by inertial and viscous hydrodynamic forces, demonstrating mechanical
rectification of rotational motion in a fluid.
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