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Studies on Experiment of Laser Induced Shock Wave and its Application
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Recently, the laser technology is progressing very rapidly, and is established as a
new industrial technology. One of the basic processes is application of laser ablation
phenomena.

As a new technique using laser ablation, author and his research group
experimentally discovered the phenomenon of shock wave generation. When YAG
pulse laser which propagates in optical fiber, comes out of the end tip, the energy is
strongly absorbed in roughened fiber end surface and shock wave is generated. The
method proposed in this work has advantage that it does not transmit the laser
energy directly through vital tissue, but transmits it via an optical fiber until it is
transformed into a shock wave at the fiber output surface which is located very close
to the target. Additionally, since the intensity of the shock wave is dependent on the
laser energy, the diameter of the fiber, the surface roughness, the fiber output surface
shape, the surrounding medium, and so on, we can control the generation of the
shock wave flexibly by varying these parameters. Author have been promoting
fundamental research about the medical application of the shock wave generated at




the fiber, glass and acryl of nonmetallic materials to the microsurgery of thrombus
removal, organization excision, and so on.

Pulse laser shadowgraphy is used to take photograph to see the time evolving shock
wave generation procedure. The shock wave pressure is calculated from the relations
of shock Hugoniot in the water. Also, to measure the shock wave pressure more
accurately, the optical measurement method of shock wave pressure was examined
numerically by a simulation. Assuming that gelatin is imitation vital issue, author
succeeded to cut of gelatin by the shock wave.

The thesis consists of the following chapters.

In Chapter 1, the general background of laser ablation study, the background and
the purpose of this thesis and outline of each chapter is described. In Chapter 2, the
observation method of laser induced shock wave is explained. In Chapter 3, the
observation result of laser induced shock wave and estimation of shock wave pressure
are described in detail. Assuming that gelatin is an imitated model of vital tissue, we
also examined the effect of laser illumination on gelatin. In Chapter 4, the accurate
optical measurement method of shock wave is proposed. We show a numerical
simulation result of scattered reference laser light and discuss the possibility of
proposed method. In Chapter 5, the results obtained throughout this study are briefly

summarized. Some future subjects are also mentioned.
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