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An experimental study on focusing of underwater micro shock waves induced by
Q-switched Ho : YAG laser

Hiroaki YAMAMOTO (JAAME)

Kazuyoshi TAKAYAMA (Institute of Fluid Science, Tohoku University)
Hiroaki SHIMOKAWA (Department of Cardiovascular Medicine Tohoku University Hospital)

F—TJ—R: A A=Da nN—=4—h4t5, QAL vF HoYAG L—H—, KhEHERIUEK
Keywords: IMACON, Q-switched Ho : YAG laser, underwater shock focusing

Paper rteports a quantitative study of focusing of underwater micro-shock waves induced by direct
irradiation of pulse laser beam. Energy source was a Q-switched Ho : YAG laser (2100nm, 100ns).

The laser beam was focused and transmitted through an optical fiber. The laser interaction with water
produced micro plasma, which drove spherical shock wave in water and followed by formation of a vapor
cavity. By shaping the optical fiber's surface to a hyperboloidal contour, an effective laser focusing and
stronger underwater shock waves were achieved than that of flat end. The micro shock waves were
generated at the inner focus of the ellipsoidal small reflector, reflected shock waves were focused at the
outer focus point. The whole sequence of the shock wave generation and propagation were visualized by
time-resolved high speed shadowgraph method. The overpressures of reflected shock waves along major
axes of the ellipsoidal small reflector were measured by using piezoelectric needle probe. The micro shock
waves produced by this method have potential to be applied for shock induced tissue damage for a treatment
of arrhythmia.
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Figure 3. Time-resolved high-speed shadowgraph
visualization of shock focusing, after laser irradiation:
(a) 2.0ps; (b) 2.35us; (c) 2.7us; (d) 3.05ps; (e) 3.4us; (f)
3.75us. SDSW, spherical diverging shock wave; CSW,
converging shock wave; PT, pressure transducer..
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