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Properties of Materials with Complex Structure
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The study targeted here is centered on the modeling of
materials system made up with “elemental formation of
internal structures” and through “interactions of the
elements” in the “Complex Science”.

+Quantum mechanics of materials
Deformation and properties

Bending of a carbon nanotube F=10nN
o ~

-+Adaptive materials and structure:
Bone functional adaptation by remodeling

Semi-
conductor

' »

‘Mechanical Strength & Material Properties‘
T

Conductor ) L
: Higher strain: ring-a
Mechanical + Electric + Magnetic properties

Structures and properties

Atomic and electronic Intrinsic localized mode
structures of domain wall  in carbon nanotubes
PHTHY plase messber (010) plane .

Charge density o(z) =Y |7, (0)° 0.6ps 0.8ps 10ps
Ab initio calculation Change in distribution of total energy Atomic Level

Strain effects on surface ferroelactricity

Ferroelectrics PbT,0, T o
Polarizatio

Mechanical behaviors of materials are highly dependent on
e the structure with multiscale hierarchy.

L e g

=
Polarization emerg smﬁr- 3
dueto non- RO A ey =

c

entrosymmetri o A ——
distorted structure  Polarization changes due to in-plane strains.

»
| 2y === . . . .
v Our goal is to establish a common basis for dealing with

“complexity” by reconsidering mechanical behaviors and
functions of materials/structures from multi-physical aspects.
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Applied Analysis and Complex Dynamical Systems

The Scope of Our Research

We aim at establishing the theory of Complex Dynamical
Systems from both science and engineering through this
COE program. To this end, we select our research topics as;

1. fractal and probability,

2. brain science,

3. analysis of chaos,

4. computational engineering,

5. signal processing based on control theory

(Keywords
fractal, fractal geometry, chaos, probability,

brain science, signal processing, non-linear physics,
fluid dynamics, inverse problems, numerical analysis,
computational engineering, fracture mechanics,

| applied analysis, control theory

A signal processing example is shown on the right:

Digital Signal Processing based on Control Theory

It is widely believed that the audible range is limited to 0-20kHz. Anything beyond
is sharply cut via a low-pass filter. This is based on the well-known Whittaker-
Shannon sampling theorem. This however has the following problems
*The Shannon formula is non-causal, it is not readily
applicable to sound reconstruction/recovery.
« It is also argued that the Nyquist frequency 22.05kHz may
NOT have a sufficient margin against the audible range.

FFT of a digital audio signal
of MD (mini disc) with 66kbps

To remedy these problems, we propose a new theory based on sampled-data
control , which guarantees a digital filter (named YY filter) that optimally
recovers the analog performance. The theory have been applied to audio signal

DA converter with YY filter
implemented on Tl C6713 DSP

FFT of reconstructed audio signal by YY filter.
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