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In this study, novel ferroelectric properties in low-dimensional nanostructures ar
e analyzed by large-scale quantum-mechanics simulations using parallel computations. A novel vortex-like p
olarization structure, which is totally different from that of the bulk counterpart, is successfully obser
ved in all nanostructures such as nano-films, nanowires, nanotubes, and nanodots. The properties are found
to be strongly dependent on the shape of components. Furthermore, the couplin? between this novel ferroel
ectric properties and mechanica strain, i.e., multi-physics properties, is analyzed. It is revealed that t
he presence, strength, and numbers of polarization vortices change with respect to the strain. This indica
tes that there exist remarkable multi-physics properties in low-dimensional ferroelectric nanostructures.
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