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This thesis is composed of 4 chapters, and it is entitled "Construction and analysis of autonomous directional motions
occurred by shapes of microparticles and asymmetriciy of external force fields".

In chapter 1, introduction and current situation analysis are described. A construction of directional motion has been
attracting much attention because such directional motion is helpful for not only from active matter physics but also
Nano/Micro engineering. Generally, methods to realize directional motion is classified mainly two ways; the one is to focus
on shapes of objects and another is to focus on asymmetricity of external force fields. However, in both way, the autonomous
motion reported by previous study is monotonous or limited in specific situations. Thus, the construction and analysis of the
more sophisticated complex motions is required.

In chapter 2, the author firstly show a fabrication of complex-shaped gel microparticles. The fabrication was performed
using a centrifuge-based microfluidic device and deformations due to a diffusional flow and a Marangoni flow in/on prior
microdroplets. The centrifuge-based device made it possible to control the flows, then, dynamics of the flow over a very
short time scale were revealed. Complex-shaped gel microparticles were produced by partial dissolution of the deformed
particles. Next, autonomous motions of the complex-shaped gel microparticles by bubble detachment was described. By
enclosing Pt powders in some parts of the microparticles, autonomous rotations were observed in a hydrogen peroxide
solution. Additionally, it is found that a non-trivial circular motion due to asymmetricity of fluctuation is observed by
numerical simulations using dynamical models with force fluctuation.

In chapter 3, the author show directional autonomous motion of microparticles under a stationary asymmetric field. The
directional motion was observed only when the particle density was high, and this is also observed in numerical simulation
performed using the equation of motion of each microparticle. Additionally, the construction and simulation of the abstract
model was described. In this model, the asymmetric potential weakens depending on the number of particles. This
mechanism is different from a flushing ratchet model known as a model of biological motors, and it is shown that directional
autonomous motions can be obtained even under a stationary asymmetric potential which does not change with time.

In chapter 4, summary and general discussion is described. Particularly in the discussion, future prospects are stated by
comparison with autonomous motions of cells. Finally, future prospects of the whole study on the construction of
autonomous movement is described.
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