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Course Description: The goal of this course is to provide basic knowledge and major principles
of quantitative acoustic microscopy and their diverse advanced applications from biomedicine to
aircraft materials and joints. The materials discussed during this course cover most aspects of
physical principles and applications of high-resolution acoustic microscopy and reflects the
modern research status in the field, including different topics in physical acoustics, ultrasound,
solid state physics, materials characterization and nondestructive evaluation. Progress in digital
measurement and pulse technology has remarkably upgraded the performance of these types of
microscopes. Special attention will be paid to the principle and application of several types of
scanning acoustic microscopes, developed by authors, especially for medical and biological use.
The ability of quantitative methods will be described within the course with various examples for
investigating the microstructure and physical mechanical properties of materials of different
nature, from crystalline to biomaterials. In particular, the new generation of sound speed
microscopes which conventionally used tone-burst and analog phase detector are very efficient
tool for characterization of tissue sliced and mounted on a slide glass. It can visualize not only
acoustic impedance but bulk modulus, attenuation constant and density. Another, acoustic
impedance mode can visualize the acoustic impedance of a cross section in touch with a plastic
substrate by transmitting an acoustic beam from the rear side of the substrate. This type of
microscopy has an advantage that the measurement can be performed in vivo, introducing no
contamination into the target system. With a wide frequency range up to 500 MHz, both modes
can observe with a special resolution as fine as cell structure. Discussed will be the principle of
the sound speed and acoustic microscopes driven by a wide band pulse and several examples of
observation of cerebella tissue and cultured cells will be presented. During course we will
introduce a new generation of desktop, portable and relatively inexpensive, including hand-held
diagnostic imaging devices: there will be a presentation of recent results in acoustic microscopy
development achieved by authors and their teams from Honda Electronics (Japan) and Tessonics
(Canada). Together with explanation of the hardware, software and quantitative algorithms,
which are implemented into those microscopy systems, it will be described a large number of
examples as additional illustrations. Moreover, ultrasound has expanded beyond the imaging
realm, with quantitative methods and applications extending traditional imaging way. A
particularly attractive aspect of acoustic microscopy is in producing totally non-invasive, image-
guided analysis of dynamic processes in cells and tissues, such as ultrasound drug activity
(phono- phoresis), monitoring of tissue interaction with various physical and chemical factors,
tissue regeneration etc. This course will conclude with an overview of the future perspectives of
the general principles of microscopic observation using various ultrasound waves as well as the
most promising future applications.
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