12TH TOIN International Symposium
on Biomedical Engineering

BME SYMPOSILU

ABSTRU

M
CT BOOK

Organized By
Toin University of Yokohama



Invited S]pealke)r Profile

Dr. Piotr Kielczynski

Professor

Institute of Fundamental Technological Research
Polish Academy of Sciences

POLAND

Dr Piotr Kielczynski works as a professor at Institute of Fundamental Technological Research (IFTR) of Polish Academy of Sciences (PAS)
in Warsaw, Poland. He is the head of the Laboratory of Acoustoelectronics leading a team of scientists and engineers working on development and
optimization of new methods and devices for scientific and industrial applications. Dr Kielczynski graduated from Warsaw University of
Technology (Politechnika Warszawska), Faculty of Electronics, with his Master of Science (MSc) thesis on microwave mixers.

He then completed his PhD dissertation at the IFTR (1979) developing the theory (Direct Sturm-Liouville Problem) of Love surface waves
propagating on an elastic half-space with gradually changing properties (graded materials) as a function of depth [1]. Dr Kielczynski worked
subsequently in research for Electronic industry, where he was involved in modeling of coupled electro-mechano-thermal phenomena occurring in
semiconductor devices.

After joining the IFTR of the PAS (1986) he focused his attention on sensor development using surface and bulk ultrasonic waves. In 1989
he published in The Journal of the Acoustical Society of America a paper [2], where for the first time he presented a theory and experimental
results for the viscosity sensors employing Love and Bleustein-Gulyaev surface waves. Next publications on this subject appeared in USA, some
3 years later. Dr Kielczynski defended his habilitation (higher doctorate) thesis at IFTR in Warsaw, Poland in 2000.

Dr Kielczynski specializes in theoretical and applied ultrasonics. The domains of his research activities include: piezoelectricity, surface
acoustic waves, material characteri-zation, high-pressure properties of liquids, sensor development, numerical simulations, computer
programming, mathematical modeling, and computerized instrumentation.

Dr Kielczynski published about 100 research papers in many prestigious scientific journals, worked as an invited scientist in many
Universities and research centers in Europe, USA, Canada and Japan. He holds 2 patents and served as a reviewer in many renowned scientific
world-wide journals, such as Journal of Applied Physics, IEEE Trans on UFFC, Ultrasonics, International Journal of Solids and Structures, etc. Dr
Kielczynski was an author of a number of book chapters, published in Europe and USA. He presented the results of his research in many
international conferences and presented papers as an invited speaker.

Dr Kielczynski is a firm believer that the success in applied research is possibly only via a sound understanding of the underlying
theoretical fundamentals, both physical and mathematical. He believes that practical engineering formulas should be derived from the first

theoretical principles and if it is not possible the use of "black box" tools should be li dtoa y Dr Kielczynski highly values
interdisciplinary research, where mutual connections are drawn between many different scientific and engineering domains, such as
electromagnetism, optics, quantum mechanics, microwaves, acoustics, hanics, solid state physics, circuit theory, signal processing, geophysics,

thermodynamics, etc. An example of his multidisciplinary research are his recent publications on the theory of hearing, in which he hypothesized
that the extraordinary properties of the human ear can be explained by the process of parametric amplification and piezoelectric effect that occur
in Cochlea.

Summarizing, Dr Kielczynski was a pioneer and an originator of two new important domains of current worldwide R&D activities, i.e.,
investigation of the functionally graded materials, using generalized SH surface waves of the Love type, and development of the liquid sensors
employing Love and Bleustein-Gulyaev surface waves. Nowadays, Dr Kielczynski works on development of new methods and techniques for
data extraction from the measurements performed with Love wave sensors. To this end, he applied inverse methods in conjunction with global
optimization techniques [3].
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Love Surface Wave Biosensors

Piotr Kielczynski

In this presentation I will address a fascinating example of a beneficiary interdisciplinary research. To be
more specific, I will consider mutual interactions between the biosensor technology and seismology, two vital
domains of research with huge practical importance in the life of modern Japanese society. I would like to
convey a message that developments made in one scientific (engineering) domain can be very useful in
another field of research, and vice-versa. Such mutual influence of different branches of science (engineering)
can significantly accelerate progress in the considered domains of R&D activities. In this presentation I will
focus on one type of acoustic (ultrasonic) sensors, i.e., those employing Love surface waves, first discovered
in seismology in 1911 by the British mathematician A. E. H. Love [1]. Since the ultrasonic sensors employing
Love surface waves emerged some 80 years later, in the paper [2] published by the author in 1989, it is not
surprising that many theoretical and experimental techniques were first developed in seismology and then
transferred to the sensor technology. The mathematical formalism describing seismic Love waves and those
used in biosensor technology is in principle the same, i.e., it uses the theory of the Sturm-Liouville problem,
deeply rooted in functional analysis, in particular the spectral theory of compact operators and Hilbert space.
Seismic Love waves can travel thousands of kilometers around the surface of the Earth and have the
frequency range ~0.01-10 Hz. On the other hand, those used in biosensor technology are of much higher
frequencies (~50-500 MHz) but travel accordingly shorter distances (~5-50 mm) in man-made waveguides. It
should be noticed that seismic Love surface waves are main contributors to devastating consequences in
aftermath of earthquakes. On the other hand, Love wave biosensors offer a unique possibility for
measurements of a large number of very important properties of biological materials. As an example one can
mention the following: size and shape of DNA, real-time interaction of antigen-antibody in liquids
(immunosensors), bacteria and virus detection, detection of hepatatis B, detection of toxic heavy metals,
detection of cocaine, etc. This rather impressive list of biological properties measured by Love wave sensors
shows that they have a huge potential in clinical diagnostics, biomedical research, biology and chemistry. In
future research, more advanced mathematical tools, such as inverse methods, will be used in Love wave
sensor developments to increase the accuracy and lower the detection limit of these sensors. This direction of
research was pioneered by the author in his recent publication [3], where advanced mathematical tools such as
inverse problems techniques and global optimization methods have been used.
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