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Making buildings safer by

preemptively visualizing
earthquake damage

The series of earthquakes which hit the area in and around Kumamoto Prefecture in
April 2016 are still fresh in our memory.
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Eeature Story

Making

earthquake damage

Taiki Saito

buildings safer by preemptively visualizing

The series of earthquakes which hit the area in and around Kumamoto Prefecture in April 2016 are still fresh in our memory.

Recorded twice at a seismic intensity of 7, the shocks killed or injured more than 2,000 people. These casualties, for the

most part, were attributed to collapsed buildings, as was the case in the Great Hanshin-Awaji Earthquake in 1995. In spite

of the scale of the destruction, effective countermeasures have still to be sufficiently implemented. To avoid such tragedies

from happening again, Professor Taiki Saito has been conducting research to visualize how earthquakes shake and dam-

age buildings and hopes to apply his research outcomes to disaster prevention.

Interview and report by Madoka Tainaka

Visualize Shaking and Damage

of Buildings
According to the Cabinet Office’s report
of November 14, 2016, the earthquakes
that hit Kumamoto Prefecture severely
damaged over 180,000 houses, of which
over 8,000 were completely destroyed.
The Kumamoto eathquakes were far
from being a rare occurrence. In the
following year a series of destructive
quakes struck around the world, such
as in ltaly and New Zealand, as well as
closer to home, in the central part of Tot-
tori Prefecture in October. In all of these
examples earthquake-induced building
collapse had a destructive impact on
life and property. Given this critical situ-
ation, the critical importance of Professor
Saito’s efforts to make buildings safer
by preemptively visualizing earthquake
damage becomes clear.

IDeveIopment of Software to

One of the innovative accomplishments
of his research is STructural Earthquake
Response Analysis 3D: STERA_3D, a
software tool which allows for a seismic
analysis of buildings with various struc-
tures, including reinforced concrete.
Professor Saito explained the aim of this
software development as follows: “If you
can understand in what way your house
is likely to sway and collapse in the event
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of an earthquake, you will be better able
to prepare for it beforehand. In real-
ity, however, it is difficult to make such
predictions unless you are a structural
expert. That's why we have developed
a software application that, by simply
entering data such as column or beam
size taken from the building’s blueprints,
allows you to see an animated simulation
of earthquake tremors and structural
vulnerability.”

Development of earthquake response analysis
program STERA3D

The Japanese and English versions of
this software are available to download
for free from Professor Saito’s labora-
tory website. Another software tool called
STructural Earthquake Response Analy-
sis FEM: STERA_FEM, a software for vi-
sualizing the stress placed on a building’s
planar structural members such as walls,

is also available from the same website.
Professor Saito says these tools allow you
to intuitively understand the risk factors of
a building by showing damage-prone
spots in red. They are already in use in
a wide variety of environments, including
research and education.
(http://www.rc.ace.tut.ac.jp/saito/
software-e.html )

sis of Post-Earthquake Disaster

Management Facilities
We cannot exactly tell when or where
an earthquake will strike. Toyohashi
City, the home of Toyohashi University of
Technology, situated above the Nankai
Trough, is estimated to have a 70%
chance of experiencing an earthquake
of magnitude 6 to 7 on the seismic
intensity scale within the next 30 years.
A sense of alarm about the impending
earthquake has motivated Professor
Saito to work on his research.

I Using Tools for Building Analy-

“One of the most crucial issues in times
of disaster is securing the use of disaster
management facilities such as city halls,
hospitals and fire stations. However,
various disaster management facilities,
such as Uto City Hall, were themselves
damaged by the earthquakes in Kuma-
moto Prefecture. This factor significantly
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hindered the city's evacuation and
recovery operations. The problem is
that you cannot tell the risk of collapse
just by looking at the building from the
outside,” says Professor Saito.

He further explains that a major verti-
cal crack, for example, between two
buildings of an apartment complex
might appear to be hazardous to the
untrained eye, but it is fairly safe as the
two buildings are structurally separate.
On the contrary, he adds, cross-shaped
or horizontal cracks in a column are far
greater hazards even when no major
damage is apparent.

“To address this issue, we ran seismic
simulations on the east and the west
buildings of Toyohashi City Hall using
my analysis tools with the data of the
ground motion waveform prediction for
the Nankai Trough earthquake provided
by the Ministry of Land, Infrastructure,
Transport and Tourism. As a result, we
have found that the buildings have suf-
ficient earthquake resistance. It turned
out, however, that the west building is at
risk of damage such as cracked walls
and collapsed ceiling panels. Over in
the east building, it was determined
that in the case of a strong magnitude 7
quake, people would be unable to stay
on their feet, and cabinets not secured
to the floors or walls would fall over.
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We don't know for certain what would
really happen since the results are only
simulations based on the drawings. We
might be repeatedly hit by earthquakes
of an unexpected scale, just as the
people in Kumamoto have recently
experienced. Currently we are in the
initial stages of monitoring buildings to
assess whether it is safe to continue
using the buildings in the event of actual
earthquakes,” says Professor Saito.

More specifically, his concept involves
the following. His research team installed
three IT strong-motion seismometers
in the city hall to continuously monitor
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vibrations. Every five minutes, the vibra-
tion data obtained by the seismometers
are sent to the computers in Toyohashi
University of Technology via the Internet
for the analysis tools to run simulations
in the cloud.

“If an earthquake strikes, we hope to be
able to use the results of the simulations
to assess whether it is safe to continue
using the buildings. We are planning
to implement more measures against
earthquakes, such as having additional
monitoring locations including fire sta-
tions and evacuation facilities, and
installing a dedicated line for disaster
prevention. Accumulating real-time data
in the cloud can also improve the ac-
curacy of the simulations.”

Sharing Research Outcomes

to Raise Awareness of Disaster

Prevention
Professor Saito has also developed soft-
ware that shows an animated simulation
of earthquake damage inside houses
such as that caused by falling furniture.
This software application works on
smartphones and makes it easy to run
simulations, with a flexibly adjustable
furniture layout and an easily configu-
rable restitution coefficient and friction
coefficient . The existence of such a tool
greatly contributes to raising awareness
of disaster prevention not only among
researchers and experts, but also the
general public.

In addition to his work as a researcher,
he also conducts analysis of buildings
in Toyohashi City and writes informative
books for the general public. Through
such activities, he has once again real-
ized the power of his analysis software.

“By seeing things in animation, people
can identify them as immediate con-
cerns, not just as abstract knowledge. It
is not enough to know that an earthquake
may strike, rather it is very important to
imagine in detail what may actually hap-
pen beforehand. | should also mention
this. A common mistake people make is
to try to hold their furniture against the
wall to prevent it from falling during an
earthquake, but this only has a minimal
effect and can be very dangerous. By
widely sharing such insights which |
have derived from my research, | hope
to contribute to society by raising public
awareness about disaster prevention.”

Professor Saito’s vision for the future
is that he would like to work on more

Feature Stor!

An animated simulation of earthquake damage in-
side houses such as that caused by falling furniture.

sophisticated analysis that incorporates
topographic and geotechnical informa-
tion.

“We are currently studying a collapsed
apartment that stood at the edge of a cliff
before the earthquakes in Kumamoto.
All the surrounding buildings survived
the quakes but only this apartment col-
lapsed. The shaking of buildings greatly
varies depending on the conditions
of the ground and topography. It is no
easy task to add geotechnical models
to simulations, but we hope to provide
more accurate analysis software by
translating geotechnical characteristics
into numerical data.”

Itis not easy to prepare for an earthquake
when we do not know when it will strike,
but we can at least save some lives by
implementing seismic safety measures
on buildings and furniture. | truly hope
that Professor Saito’s research will lead
to the implementation of anti-earthquake
measures on more buildings.

[Reporter’s Note]

When he was a student of Tohoku University,
Professor Saito worked on an analysis of the
earthquake that struck off the coast of Miyagi
Prefecture in 1978. The output of simulations in
those days was in the form of numerical data
only and it was difficult to intuitively understand
the extent of the damage. The frustration he felt
back then has driven him to achieve his current
research accomplishments.

‘I actually used my analysis software before |
bought an apartment,” says Professor Saito.
Even if it complies with the Building Standards
Act, you cannot tell the level of the actual aseis-
mic performance just from its appearance. His
wife really liked one apartment on the top floor
with a wide balcony, but as a result of the analy-
sis, the apartment turned out to be structurally
vulnerable. Eventually, “My wife was convinced
and we bought a different apartment,” says
Professor Saito with a laugh. It seems that the
power of visualization was required to convince
his wife.
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Researcher Profile

Dr. Taiki Saito received a PhD. degree in engineering from Tohoku University, Sendai,

Japan, in 1990.

Since receiving his PhD, he has been engaged in earthquake disaster engineering research
as a research associate in Tohoku University, a senior research engineer in the Depart- 4
ment of Structural Engineering of the Ministry of Construction’ s Building Research Institute,  §
and a Chief Research Engineer in the International Institute of Seismology and Earthquake &
Engineering, Building Research Institute. Since 2012, he has been a member of the Faculty
of Engineering, Toyohashi University of Technology. He is currently working as a professor in
the Department of Architecture and Civil Engineering and a director in the Research Center
for Collaborative Area Risk Management (CARM) in Toyohashi University of Technology.

Reporter Profile

Madoka Tainaka is a freelance editor,
writer and interpreter. She graduated
in Law from Chuo University, Japan.
She served as a chief editor of “Nature
Interface” magazine, a committee for
the promotion of Information and Sci-
ence Technology at MEXT (Ministry of
Education, Culture, Sports, Science and
Technology)
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Research HighlightH

Garnet-type fast ionic conductor for all-solid-state

lithium battery

Development of garnet-type fast ionic conducting oxide for use in all-solid-state lithium batteries

By Ryoji Inada

Ryoji Inada and his colleagues have devel-

oped a garnet-type, fast ionic conducting ox-
ide. The developed garnet-type oxide showed
not only high ionic conductivity, around 1 mS/
cm at room temperature, but also high elec-
trochemical stability. Using this material as a
solid electrolyte, an all-solid-state lithium bat-
tery was fabricated and its reversible charge
and discharge reaction was demonstrated
successfully. This finding contributes to the re-
alization of highly safe, rechargeable batteries

for large-scale power sources.

Rechargeable all-solid-state lithium
batteries are expected to be one of
the next-generation energy storage
devices because of their high energy
density, safety, and excellent cycle
stability. The materials used for the
solid electrolyte must not only have a
high lithium-ion conductivity (above 1
mS/cm at room temperature), but also
possess chemical stability.

Oxide-based solid electrolyte materi-
als have several advantages over
sulfide-based ones, such as their
chemical stability and ease of han-
dling. On the other hand, there are
certain challenges to overcome if one
is aiming at a better electrochemical
performance in solid-state batteries
with an oxide-based SE, such as the
formation of a solid-solid interface

Garnet-type Li;La,Zr,0,,
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Fig1. Crystal structure of cubic garnet-type Li7La32r2012 (LLZO, left) and temperature dependence
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with low resistance between the solid
electrolyte and the electrode.

In this study, Ryoji Inada and his
colleagues at the Department of
Electrical and Electronic Information
Engineering, developed a garnet-
type, fast ionic conducting oxide as
the solid electrolyte for an all-solid-
state battery. Using this material, a
rechargeable all-solid-state battery
was fabricated and tested.

The research team investigated the
influence of alien cation (Ba2+ and
Ta5+) substitution in Li7La32r2012
(LLZO, Fig. 1) on the crystal phase,
microstructure, and ionic conducting
property systematically. In order to
stabilize the highly conductive cubic
garnet phase, the Li concentration in

1000 7'/ K"

of ionic conductivity for Ba- and Ta-substituted LLZO with different compositions (right).
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Associate Professor Ryoji Inada (left) with his students

the chemical formulae was fixed at 6.5
so that the formula of the compound
may be expressed as Li6.5La3-
xBaxZr1.56-xTa0.5+x012 (LLBZTO).

As a result, the highest room tempera-
ture conductivity of 0.83 mS/cm was
obtained in the LLBZTO garnet with
Ba and Ta contents of 0.1 and 1.6,
respectively (Fig. 1). The Activation
energy of the LLBZT garnet tended
to decrease monotonically with an
increasing Ba substitution level; how-
ever, the excess Ba and Ta substitu-
tion degraded the conductivity.

In addition, they confirmed that the
LLBZTO garnet has a wide potential
for  electrochemical applications,
hence, various positive and negative
electrode materials can potentially be
utilized to construct an all-solid-state
battery. We fabricated a TiNb207
(TNO) film electrode on LLBZTO
using the aerosol deposition method
and demonstrated its charge and dis-
charge reaction using a TNO/LLBZTO
/Li all-solid-state battery sample (Fig.
2).

These results indicate that the devel-
oped LLBZTO garnet can be used as
a solid electrolyte in an all-solid-state
battery and contribute to the realiza-
tion of a very safe rechargeable bat-
tery for large-scale power sources,
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although additional investigation is
required to enhance the performance
of solid-state batteries. The research-
ers carried out further study to realize
solid-state batteries with high energy
density.

The above research results were re-
ported in Frontiers in Energy Research
on July 20, 2016.

This work was partly supported by
Grants-in-Aid for Challenging Explor-
atory Research (Grant No. 26630111)
and Scientific Research (C) (Grant No.
16K06218) from the Japan Society for
the Promotion of Science (JSPS).

Reference

Ryoji Inada, Satoshi Yasuda, Masaru Tojo,
Keiji Tsuritani, Tomohiro Tojo and Yoji Sakurai
(2016). Development of lithium stuffed garnet-
type oxide solid electrolytes with high ionic
conductivity for application to all-solid-state

LLBZTO garnet
(solid electrolyte)

Cell voltage / V

batteries, Frontiers in Energy Research 4:28.
DOI:10.3389/fenrg.2016.00028
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Fig2. Cross sectional SEM image and corresponding elementary distribution of Ti, Nb, and La
for TNO film electrode formed on LLBZTO garnet (left). Charge and discharge curves for TNO/

LLBZTO/Li all-solid-state battery tested at 60°C (right).

World First Demo of Labyrinth Magnetic-Domain-Optical

Q-switched Laser

A submillimeter-thick film with magnetic microdomains was used to control a Q-switched laser, increasing its

pulse power 1,000 times

By Taichi Goto

Taichi Goto and his colleagues have fabricated
the first magneto-optical (MO) Q-switched laser.
Unlike electro-optic (EO) and acousto-optic (AO)
effects, MO effects had not previously been used
in Q-switched lasers, although the effects them-
selves are very well-known. The fabricated MO
Q-switched laser contributes to the development

of compact high-power lasers.

The “Industry 4.0” concept, first
introduced by the German govern-
ment, has recently extended the
scope of compact high-power laser
applications to, for instance, laser
manufacturing, vehicle engine devel-
opment, or thruster systems for space
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exploration.However, integration of a
controllable Q-switch into compact
solid-state lasers has been challeng-
ing because of the mechanisms of EO
and AQO effects. In addition, previous
Q-switches needed a large-sized
power supply, which prevented down-

Assistant Professor Taichi Goto (right) with his student

scaling of the entire system.

Now, Taichi Goto, in cooperation with
researchers at lowa State University,
and the Institute for Molecular Sci-
ence have developed a magneto-
optic (MO) Q-switched laser for the
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first time, using a 190-micron-thick
magnetic garnet film with labyrinth-
shaped magnetic domains. They
used custom-made coil and circuits
to generate the pulsed magnetic field
to be applied to the magnetic garnet,
and successfully generated optical
output with a pulse width in the tens of
nanoseconds range. This was the first
ever demonstration of a Q-switched
laser driven by magnetic domain mo-
tions, and also the first evidence of the
possibility of an integrated Q-switched
laser. “The device was two orders of
magnitude smaller than other reported
controllable Q-switches,” commented
Associate Professor Taira.

“The most difficult part of realizing
MO Q-switching was to combine
three different techniques/fields: the
preparation of a magnetic material,
the fabrication of a high-speed mag-
netic field switch, and the construc-
tion of a laser cavity,” explained PhD
candidate Ryohei Morimoto.

According to Assistant Professor
Taichi Goto, “there are no previous
reports of MO Q-switches using thin

A pulsed output with a power of dozens of watts and a pulse width of 40
ns was obtained through an MO Q-switched laser controlled by labyrinth-
shaped magnetic domains.

garnets. This is not only the first dem-
onstration, but it also represents an
important first step in the development
of an integrated high-power laser.”

“We enjoy our collaboration and learn
from each other,” said Professor Mina
Mani. “We further hope not only to
advance research and create and
pursue new challenges, but also to
use science and technology to make
a better world for us all.” In addition,
the researchers found a unique bias-
ing technique that uses magnetism to
decrease the electric power needed
for Q-switching. When a ring-shaped
permanent magnet was placed close
to the magnetic garnet, they were able
to generate the same optical pulse in
the MO Q-switched laser using seven
times less electric power. This result
showed that this Q-switch does not
need a large power supply for opera-
tion, meaning that drastic downscal-
ing can be expected. The research
team would like their future studies to
be useful for laser users all around the
world and to help in the establishment
of new industries.

(b)

Research Highlight

We acknowledge support from the
following institutions:

eJapan Society for the Promotion
of Science (JSPS) KAKENHI Nos.
26706009, 26600043, 26220902,
25820124, and 15H02240.

eJapan Science and Technology
Agency (JST) — Promoting individual
research to nurture the seeds of future
innovation and organizing unique,
innovative network (PRESTO).

Reference

T. Goto, R. Morimoto, J. W. Pritchard, M.
Mina, H. Takagi, Y. Nakamura, P. B. Lim, T.
Taira, and M. Inoue, (2016).”"Magneto-optical
Q-switching using magnetic garnet film with

micromagnetic domains,” Opt. Express,
24, (16), 17635-17643. DOI: 10.1364/
OE.24.017635.

Labyrinth-shaped magnetic domains in the magnetic fim can
be erased by applying a magnetic field, drastically and quickly

changing the peak power output of the laser.
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Artificial enzyme for asymmetric synthesis using a
synthetic chiral polymer

By Shinichi ltsuno

Cinchona alkaloid derivatives show catalytic
activity in various kinds of asymmetric trans-
formations in organic synthesis. These trans-
formations are necessary steps in the produc-
tion of pharmaceuticals. Shinichi ltsuno and
his colleagues have successfully synthesized
chiral polymers containing a cinchona alkaloid
sulfonamide derivative as a repeating unit. This
is the first example of a chiral polymer of cin-
chona sulfonamide, which shows high catalytic
activity in the enantioselective desymmetriza-

tion of cyclic anhydrides.

Enzymes, high-molecular-weight chiral
polymeric compounds, are complex
biological catalysts. Capture of the
substrate molecule, catalyzing the re-
action, and release of the product are
three important events performed by
enzymes. In order to accomplish these
events using a synthetic catalyst, the
catalyst must necessarily have a large
molecular weight so that it can act as
a highly specific catalyst. To date no
synthetic chiral polymers had been
designed for this purpose, but now a
research team from the Department
of Environmental and Life Science
at Toyohashi University of Technol-
ogy has investigated a novel synthetic
method for preparing chiral polymers
containing repeating units of cinchona
sulfonamide.

The lead author Shohei Takata said,
“After testing many reaction conditions
for the polymerization, we have syn-
thesized chiral polymers containing
cinchona sulfonamide repeating units.
Chiral polymers are easily prepared
according to the method we estab-
lished.”

“We have found that Mizoroki-Heck
coupling was successful in synthesiz-
ing cinchona sulfonamide polymers,”
explains the leader of the research
team, Professor Shinichi Itsuno, “More-
over, our chiral polymers showed
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high catalytic activity in asymmetric
reactions.” Various kinds of such chiral
polymers may be synthesized using
this newly developed methodology
to obtain various types of synthetic
enzymes for specific reactions.

Furthermore, the chiral polymers
developed in this study are insoluble
in the usual organic solvents or water.
The insoluble polymeric catalysts can
be packed into a column, into which
the substrate compounds can be
introduced. The desired product can
then be continuously obtained from
the column. Without a usual reaction
vessel, a continuous flow system may
be possible using the polymeric cata-
lyst. The flow system is a necessary
technology for the automation of fine

spacer

Professor Shinichi Itsuno (left) with one of his students

chemical syntheses.

Funding agency: This work was
partly supported by a Grant-in-Aid
for Scientific Research on Innova-
tive Areas “New Polymeric Materials
Based on Element-Blocks (No.2401)
and Scientific Research (C) JSPS KA-
KENHI Grant Number JP15H00732,
JP15K05517.”
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polymers as sustainable catalysts for the
enantioselective desymmetrization of cyclic
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catalytic site

Cinchona sulfonamide polymer

Structure of cinchona sulfonamide polymer
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Research HighlightH

Development of a new thermoelectric material for a
sustainable society

The first synthesis of bulk CaMgSi with thermoelectric properties

By Yoshikazu Todaka

Yoshikazu Todaka and his colleagues, in coop-
eration with researchers at the Nagoya Institute
of Technology, have developed a new thermo-
electric material, Calcium-Magnesium-Silicide
(CaMgSi), which consists of non-toxic, cheap,

and lightweight elements.

These findings could contribute to the develop-

ment of green energy technology.

Thermoelectric  materials, which can
directly convert thermal energy into
electrical energy (Seebeck effect), can
be effectively used for the development of
a clean and environmentally compatible
power-generation technology.

However, these materials are not com-
monly used for practical applications as
they mostly include toxic and/or expen-
sive elements.

Recently, Professor Yoshikazu Todaka
and his research group from Toyohashi
University of Technology’s Materials Func-
tion Control Laboratory and the Nagoya
Institute of Technology have successfully
synthesized a new thermoelectric mate-
rial, CaMgSi, which is an intermetallic
compound. The key to this development
was the synthesis procedure; bulk
CaMgSi intermetallic compound was
synthesized by combining mechanical
ball-milling (MM) and pulse current sinter-
ing (PCS) processes.

“Significant thermoelectric properties in
the intermetallic compound, CaMgSi,
have been predicted by both theoretical
and experimental studies”, explain the re-
searchers of this work, Nobufumi Miyazaki
and Nozomu Adachi. “ However, the big-
gest issue in front of us was the synthesis
of thermoelectric CaMgSi of optimal size
“, they continued. In general, alloys are
produced by mixing the constituent ele-
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ments in their molten forms. However, Mg
vapors when the temperature is raised up
to the melting temperature of Si; Ca, Mg,
and Si can no longer exist in their liquid
states.

Yoshikazu Todaka says “To overcome the
aforementioned problem, we chose the
mechanical ball milling process to mix
the elements homogeneously, without
melting, and then a chemical reaction be-
tween Ca, Mg, and Si was induced using
the pulse current sintering process”.

Consequently, it became possible to
synthesize the intermetallic compound,
CaMgSi, on a sufficient scale. The ther-
moelectric property of the synthesized
CaMgSi exhibited a performance compa-
rable to that of the previously developed
Mg-based thermoelectric materials. It is
expected that the slight change in the
composition of CaMgSi and the addition
of a fourth element to CaMgSi will further
enhance its thermoelectric properties.
Interestingly, they found that the novel
thermoelectric material can exhibit both
n- and p-type conductivity. Such a prop-
erty is very significant for the application
of such material in power-generation

sized  bulk

Picture of the synthe-
CaMgsi
thermoelectric material
through the procedure
developed in this study.

Professor Todaka(left) with his students

modules.

The new thermoelectric material syn-
thesized in this study is composed of
lightweight elements, and has a low
density of 2.2 g/lcm3. Therefore, one of
the possible applications of the material is
in automobiles to utilize waste heat emit-
ted from engines. These findings could
contribute to the development of green
energy technology.

This study was supported by Iketani Sci-
ence and Technology Foundation (Grant
No. 0271039-A). A part of this study was
performed at the BLO2B2 beamline of the
SPring-8 synchrotron radiation facility with
the approval of the Japan Synchrotron
Radiation Research Institute (Proposal
No. 2014B1237).
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Schematic illustration of the atomic structure
of the synthesized CaMgSi determined by
X-ray diffraction.
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Hick Up

Pick Up

B TUT symposium - “From the East Mikawa Area of Japan

to the World”

Toyohashi University of Technology launched the “Research Institute for Science and
Technology Innovation” in April 2016, accompanied by the commencement of16 cut-

ting edge collaborative research projects with local companies,

and national institutions. In this symposium, TUT reported the progress and results of

these world leading research projects under the title of “From

of Japan to the World - Creation of new values by Industry-Academia-Government

Collaborations”. A panel discussion with senior representative

governments, industries and academia was also held as a part of the symposium.

Schedule:

Date  14th February, 2017

Time  12:30-17:30

Place  Hotel Associa Toyohashi, Japan

universities overseas,

the East Mikawa Area

s of national and local

B TUT accelerates the circulation of young talented

researchers across the globe

TUT started an international research project in collaboration

with four universities in the United States and Europe; Mas-

sachusetts Institute of Technology (USA), City University of New York (USA), Erlangen- Nuremberg University (Germany) and

Stuttgart University (Germany). The goal of this project is the
development of novel functional materials for controlling light
and electromagnetic waves and making devices from these
materials. The project is supported by the Japan Society For
the Promotion of Science (JSPS) — “Program for Advancing
Strategic International Networks to Accelerate the Circulation
of Talented Researchers”.

This JSPS program aims to develop high level young Japa-
nese researchers who will form the nucleus of international net-
works. These networks will tap into top level talent worldwide,
and be made up of promising Japanese research groups and
members of top-ranked overseas research institutions. Their
goal will be to jointly carry out international research projects.

TUTResearch

e-Newsletter from Toyohashi University of Technology
http://www.tut.ac.jp/english/newsletter/

HEditorial Committee

Takaaki Takashima, Chief Editor, International Cooperation
Center for Engineering Education Development (ICCEED)
Kunihiko Hara, Research Administration Center (RAC)
Ryoji Inada,Department of Electrical and Electronic
Information Engineering

Eugene Ryan, Center for International Relations (CIR)
Yuko Ito, Research Administration Center (RAC)

Shizuka Fukumura, International Affairs Division

Tomoko Kawai, International Affairs Division
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Development of Nano-scale Artificial Magnetic Lattice Materials and
Making Devices from these Materials

“Program for Strategic

Networks to the Circulation of Talented Researchers” by JSPS

Massachusetts Institute of Technology (MIT)

Low-cost creation technology by solution method
) L
PBLM  H

@'

sEf

H.TAKAGI G.KAWAMURA T.GOTO Ny N N
& Artificial magnetic lattice production method
@Magnetic Lattice Material Forming Technology -
@hlaking Devices from the Materials KYAMANE  W.K.TAN “

W) Compact size wide broadband metameric circulator

Overview of the project

H Toyohashi University of Technology

The Toyohashi University of Technology (TUT) is one of Japan’s
most innovative and dynamic science and technology based
academic institutes. TUT Research is published to update readers
on research at the university.
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