SYNOPSES OF
SCIENCE AND ENGINEERING PAPERS

GRADUATE SCHOOLS OF

- SCIENCE AND ENGINEERING -
- FUNDAMENTAL SCIENCE AND ENGINEERING -
- CREATIVE SCIENCE AND ENGINEERING -
- ADVANCED SCIENCE AND ENGINEERING -

WASEDA UNIVERSITY
TOKYO, JAPAN

DISSERTATION SUMMARIES
2009



]




DISSERTATION SUMMARIES 2009



GRADUATE SCHOOL
OF
SCIENCE AND ENGINEERING




I AL, 7 B SE BEPDFIG U7 M) : www. ertongbook. com



Table of Contents

GRADUATE SCHOOL OF SCIENCE AND ENGINEERING
STUDY OF FUNDAMENTAL ASPECTS OF TRANSPORT IN MESOSCOPIC SYSTEMS

Shigert AJISAKA #« v seeersneeanatttaiettatistaiiiaeaieieetaaettaistiatasresansertnnesssareses 1
ACCELERATIONS OF AB INITIO MOLECULAR SIMULATIONS AND APPLICATIONS TO HYPERVALENT

COMPOUNDS

Teruo ATSUMI sosssssassavssssssssnsesssssssssssssnossssssssssssassssvesssssssss RS bR SRR 3
STUDY ON LONG-TERM DIMENSIONAL STABILITY OF LIGHT WEIGHT AND HIGH PRECISION CFRP

MIRROR

Yoshihilke ARAL: wowssssmaenmmss s ssmmamiies i s.s insnuenmaoss o 56 aamien wiuen e s s i sabiussavssss s b s 5
SIMULATION AND VERIFICATION OF HYBRID SYSTEMS BASED ON INTERVAL ANALYSIS AND

CONSTRAINT PROGRAMMING

Daisilia ISHIT wssemians s siaassmss s s saisaeibeese s v s aaoseesomes 5 ds@eashnes i3 iseasnwvvie s issrsmm 7
A MOBILE 3D MEASURMENT SYSTEM USING GPS IN OUTDOOR ENVIRONMENT

Kiichire ISHIKAWA sassssasassnassssaissssosvssssssessasvesnssesssosapenes SRS, BTSN 6 ST 9
CREATION OF ENTRAINMENT AND“MAAI”(TEMPORAL AND SPATIAL INTERVAL) BY RHYTHM

EXPRESSION OF BODILY ACTION

Shiroh ITAL sessssassssssaasacnnarnosasssasorissnassasssasssssnsssssosassoniossssossesansassssess 11
ANALYSIS FROM OPERATING PERSPECTIVE CONCERNING PROPERTY AND FACILITY MANAGEMENT

OF CORPORATE OWNERSHIP REAL ESTATE

Toskitnasn ITANA swsemass essmaess .o vaam v neweese R0 Tasmmeys.s s o panasevs  SiRssaessmmees s s 13
GAUSS HYPERGEOMETRIC EQUATION AS A REPRESENTATION OF THE FORMAL KZ EQUATION,

AND MULTIPLE ZETA VALUES

Sl (O] vrsmnsin v o8 samammen s o 8 SumATISEEr 1 § S UAFEEHSEEAE Y 4 3 PUOTAREGE S &0 FUTEFEREE 6 § 6 3 CRBSGE Y § 3 15
TEMPLATE PROTECTION METHODS FOR A BIOMETRIC PERSON AUTHENTICATION SYSTEM

Tetsushi OHKI s e ¢ evawmansesaseanmsnnesesssansewsnnsssssesaasssnsssssssssssssssssssssasssesssssss 17
MIDKINE INHIBITS THE PROGRESSION OF AMYOTROPHIC LATERAL SCLEROSIS (ALS)

Mayumi OKAMOTIQ «revesveeeeenssesassssesosssssnssssssssassesssasesesnanssssnsssssssasnesssses 19

THE NUCLEAR EQUATION OF STATE BY THE CLUSTER VARIATIONAL METHOD WITH ITS
APPLICATION TO NEUTRON STAR CRUSTS

Hiroaki KANZAWA s sesssassrsssonnaisessssasssssassssesassssvsssasssessnosssnsssssnosnsassass 21
STUDY ON THE WIDTH OF FLAT-TYPE REINFORCED CONCRETE SEGMENT
Linx]’ng GUAN ................................................................................... 23

PROPOSAL OF A FRAMEWORK FOR ANALYSIS ON PERFORMANCE EVALUATION SYSTEMS IN
ORGANIZATION WITH ORGANIZATIONAL LEARNING CONCEPT BY AGENT-BASED SOCIAL
SIMULATION
Yustike GOTO ssnsessssasssnses s RIS S § § YR v § SRR R SR Y S SRR & 925

QUANTUM FIELD THEORETICAL /E\'IALYSIS— UPYNAMICAL INSTABILITY IN BOSE-EINSTEIN
CONDENSATION OF NEUTRA “\ATOMIC SES
Koita KOBAYASH] 5 s s s swmmans Y BT R S 4 AR TR 68 SN S § 8 B 8 S § 84 27

HIGH-RATE DENITRIFICATION PROCESS"SRMEBRAPET CONTAMINATED WATER USING SOLID-
POLYMER-ELECTROLYTE (SPE) MEMBRANE ELECTRODE
Magihitis ROMORBL s s erivsmemennnssononemsonnsesnamesnesns s s s sonmsiod 3ot v sadsas s sdsbbys 29

MYOCARDIAL VASCULAR NETWORK CONSTRUCTION IN A PERFUSION BIOREACTOR
Katsuhisa SAKAGUCHI sesevesnses S —————_ PR T YR R 31



URBAN SPATIAL MANAGEMENT METHODS IN CORRESPONDENCE TO FUNCTIONAL DIVERSITY OF
BUILDINGS
- CASE STUDY ON JAPANESE NEW TOWN DEVELOPMENT AND RESIDENTIAL-INDUSTRIAL
MIXED USE AREAS IN TOKYO -

Yasiitan SAKUNMA, s soenmans 555 samamseons s 35 5 asiaaei § 5 55 §aamomig 886 1 6 SASwmawanms § 545 o 33
ANCIENT KHMER CITY CHOK GARGYAR REVIEWED

Katsura SATO wesesssssasnssssssassassssassssssnse e T L T T 35
STUDY ON PHOTONIC SWITCHING DEVICES USING THERMO-OPTIC POLYMERS

Nk KIE 5 55 s momom s 8 5 s umeioioms 4 § 2 S OWEEERAES § § 5§ 5 SOERIRAIN § § 13 5 SEHETNSIRAA 8 3 5 SHPEAMASEES § 4§ 8RR 37
DESIGN AND SYNTHESIS OF RH OXIDES AS THERMOELECTRIC MATERIALS

Soichiro SHIBASAKI ............................................................................. 39
ONLINE PROACTIVE FAULT MANAGEMENT FOR DEPENDABLE EMBEDDED SYSTEMS

MiTem SITCRAT A 5 353 saeamamas b7 5 bamemneiin s 8 58 SMPAEPINNE & §3 5 MFRFPEOTRA £ 5 § 5 2§ RASHREWES § 5 § 5 SERFRW 41

COMPUTER-ASSISTED ANIMATION CREATION TECHNIQUES FOR HAIR ANIMATION AND SHADE,
HIGHLIGHT, AND SHADOW

Eiji SUGISAIKT +++ ¢ vt s nnammnnnssstentntansttetetainitanastettrsnnatsseseesessesenaatasesnnsnssns 43
A RESEARCH REGARDING DEVELOPMENT AND APPLICATION OF TACTILE SENSING FOR ROBOTS

Kitti SUWANRATCHATAMANEE +¢vessssssasasasassasasnctssasssssssassasssisnasssnsssssssnsanss 45
INFLUENCE OF REINFORCING BAR CORROSION ON SHEAR BEHAVIOR OF RC BEAMS

Xin XUE ........................................................................................ 47
RUNTIME DETECTION AND RECOVERY INFRASTRUCTURE FOR EMBEDDED SYSTEMS

QUi L] v 5 ¢ s sioreioce s 555 wisviaeisiais s 5 54 s aioieaioislaisn o s n s sainioinie siie 5668 8 FERAORAEATSE § 8 g VOSSN 3 0 S BHETEE 49
STUDY ON MECHANICAL BEHAVIOR AND DESIGN OF COMPOSITE SEGMENT FOR SHIELD TUNNEL

Wenjun ZHANG «ccvernnnnnunnetnat ettt asaaeinttatessiaiitattstssrasssesnnanss 51
CONSERVATION OF TOWNSCAPE WITH MOUNTAIN VIEW BASED ON KEIROU VIEW CORRIDOR

DESCRIPTION

- CASE STUDY IN RURAL CITIES OF FORMER JAPANESE CASTLE TOWN -

ChEngai ZHAD # v e v eeneennssesaetnnt ittt ittt ettt st teis et s st st 53

STUDY ON A FATIGUE BEHAVIOR NEAR THE INTERMEDIATE SUPPORTS OF CONTINUOUS
COMPOSITE GIRDERS

Sawako TOMIOKA #«+sermenssnneeasenssantsassenssetseseeessssnssanrasaserassssannssnesssasnns 55
VIBRATION REDUCTION OF SMALL SATELLITES

AyaKo TORISAKA +# s s v s emsnnnnttssnuuutttentttsiutsttsiuttitianstiiiitottiiie it 57
WORKPLACE PRODUCTIVITY AND ENVIRONMENTAL IMPACTS OF COOL BIZ OFFICE

Masaoki HANEDA ++«eseeseseteesnnnensaeseetntsansenseteetasemasesassastssssesmenaetassnaenes 59

A STUDY ON LOAD BALANCING PROBLEM SOLVING BY GENETIC ALGORITHM: CASE ANALYSES ON
ASSEMBLY LINE AND MULTIPROCESSOR SYSTEMS -

ReaKook HWANG +ereererrsassscssersaanaaass Qasesans piss e R R R PRI R 61
A STUDY OF EFFICIENT HUMAN HEAD MODELING ..

Akinobu MAEJIMA +cesesesrmseateentarneearanaass A yes e s asnens o TP T T EETS 1 63
A STUDY OF CULTURE SUBSTRATES FOR CELLS US[NG IRON CROSS LINKED ALGINATE

Tkuko MACHIDA «+eesrrarsasrresesasnaesaisianscssssseines LRSS § 5 8§ BRI 8 § SEAIEE Y 65

DEVELOPMENT OF WIDE USE MECHANICAL MODEL FOR WOODEN STRUCTURES AND ITS
APPLICATION TO DYNAMIC ANALYSIS
Hiroki MATSUNAGA +++vsevsansesennssansesasssssesstennsssatsasaansenarianiiissssnsssssssss 67
THE DEVELOPMENT OF THE BASICS OF THE OBSERVATIONAL SYSTEM FOR THE WIDE-FIELD
SURVEY AND THE DETECTION OF THE RADIO TRANSIENTS IN NASU 1.4 GHz WIDE-FIELD
SURVEY .
NObUOMATSUMURA"""""""""""""""""""':_ ..... jasscssesssssvsssreonsensnsen s 69



A STUDY ON SCINTILLATION PROCESSES IN HIGH-DENSITY GASEOUS XENON
Mitsutery MIMURA ssnsss s smenmsammesas s o3 daaessams s s s o3 suaneasoss ss s § S Uasseanyss s oo sveasssmso 71
STUDIES ON PARALLEL PROCESSING FOR MULTIMEDIA APPLICATIONS ON EMBEDDED
MULTICORES FOR CONSUMER ELECTRONICS

Takamichi MIYAMOTO) =ssssssmaeovnasssssssosanssasessseespsaesssesseesssssaensesssssnsseomnes 73
EVACUATION SAFETY PLANNING FOR URBAN UNDERGROUND FACILITIES
Shigji MORIYAMA ¢ eessseessanasssaseseesesnsasssssssssasnssssssanssosssssassissssssssssssssses 75

A STUDY ON JAPANESE ARCHITECTURE FOR SHRINE NAMED “OJI-ZUKURI”DESCRIBED IN
JAPANESE ARCHITECTURAL REFERENCE BOOKS “KIWARI-SHO”

Yoshilito YAMAGISHI =i v v s o ewvamasaensesssaeensamesesssnsseenaessssssssysswsenss ooy 77
NUMERICAL AND EXPERIMENTAL PERFORMANCE EVALUATION FRO SILICA GEL DESICCANT

WHEEL

Setichi YAMAGUCHI »eeewn e oacomeaneenesesweeneneansiosnss oo ssnnnssssaneeonyssesssonssasay 79

BIREFRINGENCE INDUCED IN SILICA GLASS BY ION IMPLANTATION AND ITS APPLICATIONS TO
WAVEGUIDE-TYPE OPTICAL CONTROL DEVICES
SEUNE-JUN YU v e eeeennnnetunttutnetatt i ttaiteaaa s et ittt itee et 81
MECHANISM OF INITIATION AND ACCELERATION ON LOCALIZED CORROSION OF STAINLESS
STEELS INDUCED BY MICROORGANISMS
Naoki WASHIZU =ereeresssssesseranssnrosssscssesanasssssssessnrsesssssssesassonsssssossasssanse 83

GRADUATE SCHOOL OF FUNDAMENTAL SCIENCE AND ENGINEERING
STUDY OF KNOTS USING THEORIES OF NANOWORDS AND KHOVANOV HOMOLOGY

NoOBOru IT v simomes o s earnannioe s anaenesnnnsasssssesesneasesnssysssnaaanessssessonsyansnsyssssbmn 85
PERFORMANCE-DRIVEN FLOORPLAN-AWARE HIGH-LEVEL SYNTHESIS
Akirg OHGHT #esen s vs s womuny ss sy eommgsaaassesssssowmeaesssses ssmsvpnen s s e rasiisaesssssmens 87

REGULARIZED DISCRIMINATION OF HIGH-DIMENSIONAL SIGNAL REPRESENTATIONS FOR
AUTOMATIC SPEECH RECOGNITION

Yotaro KUBQ semsssess s samssssses esaamosssnnssssssesssassusssssseeasanssussssssssamessnssssasaes 89
CONSTRUCTION OF GENUS TWO CURVES WITH REAL MULTIPLICATION BY PONCELET’S THEOREM

Yukiko SAKA]L swernsss s s sunssmnrassssassvesnsss s s enasseonsssssssoensaonsnssssssssassinsss s 01
ON MATHEMATICAL STRUCTURE OF SOLUTIONS TO SOME DISCRETE INTEGRABLE SYSTEMS

Hidetomo NAGAI ................................................................................ 93

PERMANENCE AND GLOBAL ASYMPTOTIC STABILITY FOR POPULATION MODELS IN
MATHEMATICAL BIOLOGY

YUklhlkO NAKATA .............................................................................. 95
UNDERWATER LOCALIZATION OF SPERM WHALES USING CLICKS
Ry0 HIROTSU +sereersenusseenueserssennnussisetetstssnuneiseestessasasssattsssssonsscstanesssns 97

GROUP ACTIONS ON PROJECTIVE VARIETIES AND CHAINS OF RATIONAL CURVES ON FANO
VARIETIES
Kiwamu WATANABE, #¢ssssanumsess vesssaanmssssnsssssssssassnssesssssiassssssssssssassnaaesayssss 99

GRADUATE SCHOOL OF CREATIVE SCIENCE AND ENGINEERING
RESEARCH ON INTELLIGENT OPERATED-WORK MACHINES BASED ON WORK STATE
IDENTIFICATION
Mitsuhiro HAMBEZAKI econssaonencoosnennnmemenssenesississoesonninesssssasssonsosssassesssessese 101
ADOPT OF TECHNOLOGY INTEGRATED ARCHITECTURE AND EQUIPMENT FOR DECREASE OF
ENVIRONMENTAL IMPACT
JEOMES00 KIM et eessnsetstamasatnimusuieeteeisiarssiossetesssnssssisercossnsssestunnsasnsnssss 103



GRADUATE SCHOOL OF ADVANCED SCIENCE AND ENGINEERING
THEORETICAL STUDIES FOR LARGE-SCALE ELECTRONIC-STRUCTURE DYNAMICS:
DEVELOPMENTS OF DIVIDE-AND-CONQUER AND REAL-TIME PROPAGATION METHODS

TOMOKO AKAMA ¢ vsessnsnsesssatonaensassatosssasossasenssssssssssssssssnsossesssasennsnnssns 105
NOVEL THERMORESPONSIVE POLYMERIC MICELLES FOR BIOMEDICAL APPLICATION
JUN AKIMOTIQ #ecetasunssesesotsssscnsnsnsossnsosssanasssssssssisaessesstsnsssnssensssssensaces 107

SYNTHETIC STUDIES ON PHLOROGLUCINOLS BASED ON THE CATALYTIC ASYMMETRIC
INTRAMOLECULAR CYCLOPROPANATION

Masahito ABE e sscesssonssamiesssnenassnssssssssanasssnsessessssossvesssssiosssasssssssssmennsen 109
BIOCHEMICAL STUDIES OF THE HUMAN RAD51 VARIANTS AND THE REGULATORY COMPOUNDS

OF RADS51

Takako ISEIIDA swsteessonnsnsissssanansnnessssssnsesssessssssonssasossssssnsnnnsonesssssssnses 111
SYNTHESIS OF FUSED AROMATICS-LINKED POLYRADICALS FOR HIGH-SPIN ALIGNMENT

Takeshi IBE s+ ecetsssseseeotnasotatssssanssssssssnsnsnasssasesasssssssessscnssssassssssssssssans 113
PREPARATION OF POLYMERS WITH FUNCTIONAL GROUPS AND THEIR ENVIRONMENTAL-BENIGN

APPLICATIONS

Wihatmoko WASKITOAJL v eeerensnnanettntnttsttemeeeeeeeustnstimtetetasenseetasstessssoas 115
FUNDAMENTAL PROBLEMS IN THE GENERATION OF PRIMORDIAL PERTURBATIONS

YUKO URAKAWA + v veesssannsenannsnnenssseenssssessassessossssenssssasssasssessssssssssssnsas 117

CHARGE-TRANSPORTING NITROXIDE RADICALS AND THEIR APPLICATION TO ORGANIC
ELECTRONIC DEVICES

Fumiaki KATI) sevrsessetsonsosesatascarannonstoasesesasnsssssstssessasasesenssssnsesssessscsns 119
PARALLEL MICRO/NANO FLUIDIC SYSTEMS FOR CELL FUNCTION ANALYSIS
Kentaro KAWAL sammee o o s vmpimona e sy emmenmy s sssssmenoessssssssamauensesssss seasasowias s s ool 121

SYNTHESIS OF HYDROPHILIC RADICAL POLYMERS AND THEIR APPLICATION TO AN ORGANIC
SECONDARY BATTERY
Kenichiro KOSHIKA ............................................................................ ‘123
STUDY ON A BIPEDAL WALKING ROBOT THAT ADAPTS TO REAL-WORLD OBSTACLES AND
CHANGING TERRAINS

Hideki IKONDIEE «semmnes s ey semmanns ¢ s ¢ gionivzenianys e o § 4 aaewnmmes oy s sammpnmesy s s ovyamnses s vy sy 125
THREE-DIMENSIONAL CHIP INTEGRATION TECHNOLOGY FOR HIGH-DENSITY PACKAGING
Katsuytuki SAKUNMA =t etrannnnnnsimieisitiaitteitiiettitititietetaeiiiisiasanes 127

HIGH PRECISION PLASTIC MICRO/NANOFABRICATION AND ITS APPLICATIONS FOR CHEMICAL/
BIOCHEMICAL MICROCHIPS

Hidetoshi SHINOHARA s# s ssasasnssssssoannsessssssetansnsssssssessssansassssetssessasessessnes 129
DEVELOPMENT OF CATALYTIC ORGANIC SYNTHESIS FOR AMINO KETONES AND QUINOLINES
Shunstike SUEBK] s ssisess sssessonssasssesssssnesssstsessasussnsssssssseasasnsessssstonsesssssssuns 131

BIOCHEMICAL AND CELL BIOLOGICAL STUDIES OF THE NOVEL HOMOLOGOUS RECOMBINATION
PROTEIN, HUMAN EVL
Motoki TAKAKI rumwisssssssonsnmean ssyarenesnnsssssoamaoessssssssmmeeaecssesssemsss s e 133
METHODOLOGY FOR SYSTEMATIC EVALUATION OF METABOLIC DYNAMICS AND MICROBIAL
ECOLOGY IN INTESTINAL ECOSYSTEMS
Yasuhire DATE +eveseseseraensasesassosnsasaciosssssnsssarsensssssssstasasassserstnssnsssssanss 135
DEVELOPMENT OF CARBON-HYDROGEN BOND ACTIVATION USING CATIONIC RHODIUM AND
IRIDIUM CATALYSTS
Ky0ji TSUCHIKAMA # 5+ s assennstssutstuunsststeatssnttentstsssttmnteaateiistiiiienees 137
STUDY ON CONTROL SYSTEM OF THE SURGICAL ROBOT WITH HEART-BEAT CANCELING
MECHANISM
!(azutaka TOYODA ............................................................................ 139



FABRICATION OF MICRO/NANO-STRUCTURED METALS AND INSULATORS AND ITS APPLICATIONS
TO DEVICES UTILIZING OPTICAL NEAR-FIELDS
Ken—ichi NOMURA ............................................................................. 141
ALKOXYSILYLATION OF DOUBLE FOUR-MEMBERED RING SILICATES AS BUILDING BLOCKS OF
SILICA-ORGANIC HYBRID MATERIALS

Yoshiaki HAGIWARA =+ ecesessesessasatasotaseresssessassssserstsnsssetssssasssnssesonsessssios 143
A STUDY ON NAVIGATION STRATEGY FOR AUTONOMOUS MOBILE ROBOT USING RFID IN A STATIC

ENVIRONMENT

SUNBONE PARK =+ s e e reeteetun ettt ttttttiiateettaitias et tttianeaaetettiaaaaaaes 145

ASYMMETRIC TOTAL SYNTHESIS OF ANTIMITOTICS WITH A CIS-DEHYDRODECALIN SKELETON
AND PREPARATION OF NEW FUNGICIDE, NH006
Nobuyuki HAYASHI ............................................................................ 147
PHYSIOLOGICAL CHANGES IN THE SYNTHESIS OF A NOVEL NEUROSTEROID REGULATING
LOCOMOTOR ACTIVITY AND THEIR REGULATORY MECHANISMS

Shogo HARAGUCHI =+ #+++ s+ tseressnnnanatststetinnmstseessannnasesessisasiarssnastssisnannns 149
POLYETHYLENIMINE-ASSISTED REACTIVE CRYSTALLIZATION OF MONO-DISPERSED PARTICLES
Takashi MIKAMI svseesneneesasnnsternsnsesssssssssnssssassssssssssssssssssasnsosassssssasasssnss 151

STUDY ON SUPERCONDUCTING CHARACTERISTICS OF NB SN STRAND IN CABLE IN CONDUIT
CONDUCTOR
Haruyuki MURAKAMI .......................................................................... 153
DESIGN AND SYNTHESIS OF HETEROTRIMERIC COLLAGEN-LIKE PEPTIDES AND THEIR
APPLICATIONS TO BIOCHEMICAL RESEARCH AND DEVELOPMENT OF BIOMATERIALS
Chisato YAMAZAKI ............................................................................ 155
GREEN’S FUNCTION THEORY FOR SPIN SYSTEMS
Daisuke YAMAMOTO .......................................................................... 157



DEVELOPMENT AND APPLICATION OF RUNOFF MODEL WITH CONSIDERATION FOR RAINFALL
INTENSITY AND LAND CONDITION
Yioshithite TITAGATMA 56 5msatissssan s mmosomn e s s onessmeses s st seteneses sy 159
DESIGN AND EVALUATION ON FLOOR-INSTALLED RFID SYSTEM FOR NEXT GENERATION
POSITIONING INFRASTRUCTURE
Konri KODAIA «r-nrenssnmsnsesassssneessesesnsssnessnsassssessmysesmssssesssssasornsnssss 161
PRODUCTION OF AIR FOAM SUSPENSION WITH EXCAVATED SOIL AND ITS APPLICATION TO
DIAPHRAGM WALL CONSTRUCTION
Yoshimasa KONDO ............................................................................. 163
STUDIES ON THE STRAIN IN SINGLE ACTIN FILAMENTS AND THE STRUCTURE OF ACTIN
OLIGOMERS AT THE INITIAL STAGE OF POLYMERIZATION

T0g0 SHIMOZAWA »+++eeetnnntantotttuetttiessteitesanetsnnseetanseaassaeniisssansisnnsss 165
STUDY ON THE ANCIENT KHMER CITY ISANAPURA

Iehita SHIMODA sasstsssesssnnrannsssssssassssssssssssensessissssssssaasessesinessseranasssssss 167
STUDY ON DESIGN AND IMPLEMENTATION OF SATELLITE PHASED ARRAY ANTENNAS

Toru TAKAHASHI sssassesrsosnsnnusnsssssonunyusssssssanmnrsessssssssvearemmsosssssssasosnsses 169
HYDROGEN-TERMINATED DIAMOND AND ITS APPLICATION TO ELECTRONIC DEVICES

Kazuo TSUGAWA e+ esetsessensnntnarssessstssnasstsiossssssssstssstatstessasstsssstossnsnsnsns 171

THE EFFECT OF INDOOR ENVIRONMENT ON WORKPLACE PRODUCTIVITY, EVALUATED BY
MEASURING FATIGUE AND PERFORMANCE

Masaya NISHIKAWA ++sssssasanansnsututuiimueaiiiiiiaiiiiiiitiaitiiaiiaiisiiataiainasss 173
STUDY ON THE DESIGN METHODOLOGY OF THE TRADITIONAL WOODEN ARCHITECTURES IN THE
CENTRAL VIETNAM
Hideaki IAYASHIL «smrsinmensasemnamansss s aanesamassnyssssppisesessssssomes snsansssassnesseasess 175

STUDY ON THE EFFECTIVE UTILIZATION OF MOLTEN PRODUCTS MADE FROM THE INCINERATION
RESIDUE OF MUNICIPAL SOLID WASTE

RNA INTERFERENCE-BASED SCREENING FOR MOLECULAR TARGETS USING A CELL

TRANSFECTION ARRAY

Kl EFIONMA 555+ v vitceninnis 6.0 0 miwanainnimanns oesnaeensrss s swess s s emesmssososs s -eesesesss 179
A STUDY ON RAILWAY VIADUCT STRUCTURES WITH SUPERIOR RUNNING SAFETY OF VEHICLES

SUBJECTED TO EARTHQUAKE MOTIONS

NoObuyuki MATSUMOTIO =+ # + s s ssanssnnssnsteatestusttteeteaataitteatttaitaanneeeanne: 181
A STUDY ON HIGH EFFICIENCY OF AN LPG-SI ENGINE BASED ON UNDERSTANDING OF ITS

COMBUSTION CHARACTERISTICS

NOFRIE MIZUSHIMA s55as s s 0 s enssaana rsnsanasasansssssssoemassensssssssessnesssissssssosssssss 183
DESIGN APPROACH FOR OPEN ATRIA WITH OPTIMALLY-INTEGRATED SYSTEM OF STACK EFFECT

CONTROL AND EVACUATION SAFETY

Yoshikazi MINEGISHI «+««eeeresseseanessessennsstsetenuratisttnnnestsesessiotssssnsasanssaases 185
PROPOSAL OF CRITERIA HIERARCHY SUPPORT AND SELECTION INDEX FOR BENCHMARKING.

- APPLICATION TO IMPROVEMENT OF PRODUCTION AND PHYSICAL DISTIBUTION SYSTEM -

EllCher YAG] .................................................................................. 187
MICRO/NANO FABRICATION METHODS FOR FUNCTIONAL MATERIALS AND THEIR APPLICATIONS

FOR BIOSENSING

oo, DAE-SIK +++eesereeensanntstntunststmiunteteisnsesenaeeeemanetsseneeeosnnetiosnecesns 189



Study of Fundamental Aspects of
Transport in Mesoscopic Systems

by

Shigeru AJISAKA

Understanding the macroscopic transport from microscopic point of view is a central topic of
physics. Development of nanoscale devices in particular reveals unconventional transport. As such
study of transport in mesoscopic systems holds significant value both in fundamental theory and
technologies. Since mesoscopic systems are strongly coupled with environments, their understanding
at nonequilibrium states requires global features of total systems including environments. Though
analytical frameworks have been developed, there is still no consensus on how to handle
nonequilibrium states. Therefore, analytical studies of individual systems can contribute to the
development of the fundamental theory of nonequilibrium systems. In this paper, we choose two
conceptually simple models from classical and quantum systems and study their transport in detail.

In part I, we study a one-dimensional electron-phonon model coupled to a pair of reservoirs. As
phase transition induces marked changes in materials such as conductivity and susceptibility, it is of
great importance in both theoretical and experimental aspects. However, the roles of the current or
chemical potential have in phase transition are not well understood. As a representative example of
quantum systems exhibiting phase transition, we study a nonequilibrium steady state (NESS) of the
spinless Takayama Lin-Liu Maki (TLM) model coupled with two free fermionic reservoirs (an open
TLM model). This model shows the spontaneous lattice distortion, and we employ the averaged
lattice distortion as an order parameter. Using the C* algebra method, NESS of electronic state in an
effective potential is constructed, where the lattice distortion is replaced by a time-independent
averaged value. Then, self-consistent equation for the lattice distortion is studied in the case of
isotropic lattice distortion, solitons and polarons. It is shown that the amplitudes of the all three
solutions do satisfy the same self-consistent equation. In addition, polarons are required to satisfy
another equation which determines the width of polarons. Since no general thermodynamic criterion
is available for discussing the stabilities of NESS, we study the phase stability based on the linear
stability of the adiabatic evolution equation for an isotropic order parameter. We also point out that
constant-voltage case and constant-current case should be distinguished to determine the stability.

It turns out that the order parameter is a multi-valued function of the voltage in constant-voltage case,
thus, both first-order and second-order phase transitions are possible. On the other hand, the order
parameter is a monotone-decreasing single-valued function in constant-current case, thus, only second
order phase transition is possible. In this sense, the current is a more natural parameter than the
voltage to control the system. Moreover, it is shown that a negative differential conductivity regime
arises at low temperatures. In our study of polarons, we obtained temperature-dependent lower and
upper thresholds of the current, between which polarons are possible. Since polarons are not possible
in equilibrium spinless-TLM model, this phenomenon can be considered as an example of dissipative
structures in microscopic systems. The results are compared with those of the XXZ chain obtained by
Lindblad equation and of the nonequilibrium superconducting phase induced by excess quasiparticles.
Then, on the basis of the similarity of mean-filed approximation of an open TLM model and an open
1D extended Hubbard model, our results are also compared with the experimental results for some



0 -type BEDT-TTF organic conductors. We conclude that the current-voltage characteristics and the
suppression of the charge order by the current observed in the experiment qualitatively agree with
those of an open TLM model. We also discuss the thyristor effect observed in the experiment.

In part II, we study stable and unstable manifolds of a two dimensional area-preserving nearly
integrable system exhibiting bifurcation. In classical dynamics, hyperbolic systems as well as the
integrable systems are well understood. In contrast, our understanding of systems whose phase space
is filled with both chaotic regions and quasi-periodic orbits is still incomplete. Since homoclinic
structure generates chaotic regions in phase space, co-existence of chaotic orbits and quasi-periodic
orbits is typical in Hamiltonian systems. Therefore, understanding transport in such systems is crucial.
Moreover, this subject is also important as a fundamental problem of statistical physics because an
ergodic property is not satisfied in such systems. In particular, bifurcations drastically change
transport properties of the phase space, understanding the homoclinic (heteroclinic) structure of
systems exhibiting bifurcation is imperative. As a representative example of systems exhibiting
bifurcation, we study the Harper map. The Harper map is one of the simplest examples exhibiting a
bifurcation of the topological structure in the separatrix (reconnection), and we mainly focus on our
attention on the reconnection. Thus we closely examine the parameter dependence of stable and
unstable manifolds in the Harper map. Though the importance of the homoclinic (heteroclinic)
structure has been known qualitatively since Poincare, the quantitative approach to homoclinic
(heteroclinic) structure has been difficult until only recently. Since perturbation theory cannot be
applied to chaotic orbits, including those related to stable and unstable manifolds, it is of great
importance to develop methods to approximate phase space structure more accurately. In the 1980’s,
this was partially resolved by Lazutkin et. al.. They developed the method of the asymptotics beyond
all orders (ABAO), and successfully derived the asymptotic expansion for an exponentially small
quantity which characterizes the homoclinic (heteroclinic) tangles. Then, Gelfreich et. al. showed that
the same results are obtained using the Borel transformation. The key idea of these methods is
extending the time coordinate to the complex time domain, and studying the behavior of the
perturbative solutions near their singularities. These methods are now known to be some of the most
powerful tools available for the analytical study of homoclinic (heteroclinic) tangles. The Harper map
involves two parameters. One of them corresponds to the time step; the map approaches the integral
limit when the time step goes to zero, thus this parameter is used as a perturbation parameter. The
other controls phase space structure, and reconnection is induced by changing this parameter. Since
the errors of the perturbative solutions diverge at the singular points of the perturbative solutions, we
approximate the true solutions in those regions through the inner solutions. By approximating the true
solutions through the perturbative solutions and the inner solutions in the complex time domain, the
asymptotic series of the stable and unstable manifolds are obtained with exponentially small errors for
the whole real time domain. We point out that the choices of the initial time of the perturbative
solutions relate to the coefficient of the asymptotic series for the stable and unstable manifolds. It only
occurs in systems whose perturbative solutions have more than one sequence of singular points in the
complex time domain, such as the Harper map, and the initial conditions should be chosen carefully
when discussing reconnection.

The so obtained approximate solutions of the stable and unstable manifolds are compared with the
numerically obtained manifolds. We conclude that the approximate solutions obtained by asymptotic
analysis agree with the numerically obtained solutions even over long periods of time. The time
domains in which the approximate solutions effectively reproduce the original manifolds can be
expanded by taking the higher order term of the Borel summation method (or equivalently the ABAO
method). We further show that when the system is close to reconnection, the stable and unstable
manifolds get new oscillation, which is considered to be the precursor of a heteroclinic tangles after
reconnection. Because of this, some stochastic regions are combined and the topology of the phase
space is drastically changed.



ACCELERATIONS OF AB INITIO MOLECULAR
SIMULATIONS AND APPLICATIONS TO
HYPERVALENT COMPOUNDS

by

Teruo ATSUMI

Theoretical calculation methods which describe chemical phenomena are broadly classified into
two categories, i.e., ab initio calculations as typified by the molecular orbital (MO) method and
density functional theory (DFT), and molecular simulations as typified by the molecular dynamics
(MD) and Monte Carlo (MC) simulations. The ab initio calculation can yield electronic wave
functions, which are essential to describe chemical bonds, by solving the Schrédinger equation.
Because most of the ab initio calculations are based on the Born-Oppenheimer (BO) approximation, it
is difficult to directly obtain the dynamical information of nuclei. On the other hand, the molecular
simulations can describe nuclear motion by using an empirical potential which cannot represent the
formation and/or dissociation of chemical bonds in the quantitative accuracy.

Ab initio simulations are the hybrid methods of the above two methods, and have been widely used.
The ab initio molecular dynamics (AIMD) simulation, which is the combination of the ab initio
calculation and the MD simulation, can directly trace the trajectory with the chemical bond
formation/dissociation. The ab initio Monte Carlo (AIMC) simulation, which is the combination of
the ab initio calculation and the MC simulation, can obtain thermal distribution of nuclei, and is also
used for searching the local minima on the potential energy surface. However these hybrid methods
have the disadvantage of high computational cost which is caused by the repetition of the ab initio
calculation.

Thus, this thesis aims for the acceleration of ab initio simulations. The author developed two
acceleration methods. Furthermore, the AIMC simulation was applied to the bond switching
equilibration reaction with hypervalent bond.

This thesis consists of six chapters, which are summarized as follows.
Chapter 1 described the general introduction, or the background, of this study. The MD, MC,
AIMD, and AIMC simulations were introduced, and the concept of hypervalent bond was given.

In Chapter 2, the acceleration method for the AIMD simulation, which is named Lagrange
interpolation molecular orbital (LIMO) method, was introduced. The basic idea of the LIMO is the
improvement of the initial guess of molecular orbitals (MOs) for the self-consistent-field (SCF)
procedure, which provides a BO potential energy and is the main bottleneck of the AIMD simulation.
The LIMO predicts the converged MO at the next MD step by the linear combination of the
converged MOs at several previous MD steps. By using the predicted MO as the initial guess at next
MD step, the number of SCF iterations needed to achieve convergence is reduced. The linear
combination coefficients are determined by the Lagrange interpolation (LI) polynomial technique
introducing the information of the physical time of the MD simulations. Additionally, taking into
account the crossing and/or mixing of MOs leads to orbital invariant formulation for the LIMO
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method. The author proposed a simple method for determining the optimal degree of the LI
polynomial, which corresponds to the number of previous steps. Numerical tests confirmed that the
proposed method is both effective and feasible for AIMD simulations.

In Chapter 3, another acceleration method for the AIMD and AIMC simulations and geometry
optimization, which is named least-square molecular orbital (LSMO), was proposed. The LSMO
method is based on the idea of the LIMO in Chapter 2. A major difference from LIMO is
determination of the linear combination coefficients. LIMO method determines the coefficients by the
LI technique with the time information and thus cannot be straightforwardly applied to the AIMC
simulation and geometry optimization for the lack of the time information. On the other hand, LSMO
method determines the coefficients by the least-square technique with the geometrical information.
The author checked the performance of the LSMO method and confirmed the effectiveness and
feasibility in the AIMD and AIMC simulations, and geometry optimization.

In Chapter 4, the author assessed the mechanism of bond-switching of 1,6-diazadihydrothio
(6aS) pentalene (10-S-3) systems and corresponding oxygen analogues. Geometries and energetics
were examined along unimolecular and bimolecular reaction paths by taking into account solvent
effects. It was clarified that the unimolecular reactions cannot proceed due to the high energy barriers.
On the other hand, the bimolecular processes in neutral and acidic conditions can be accomplished for
the sulfur compounds, not for the oxygen ones. The differences of the reactivities between the sulfur
and oxygen compounds were found to be due to the difference of the stability of the symmetric
intermediates with a hypervalent three-center four-electron (3c-4e) bond.

In Chapters 5 and 6, the author investigated hypervalent bonding systems of the pentalene
skeleton with central atoms X of group 14-16 and period 2-5 elements. In Chapter 5, the bond
energies of the O-X and N-X hypervalent 3c-4e bonds are estimated. Furthermore, the relationships
between the bond-switching equilibration reactions and the stabilities of the hypervalent bonding
intermediates were examined. In Chapter 6, the stabilities of starting materials and possible
intermediates during bond-switching equilibration were considered.

Chapter 7 described the general conclusion of this thesis.



STUDY ON LONG-TERM DIMENSIONAL
STABILITY OF LIGHT WEIGHT AND HIGH
PRECISION CFRP MIRROR

by

Yoshihiko ARAO

Since CFRP(Carbon Fiber Reinforced Plastics) has low density and low thermal expansion. some
experiments to design -ased mirror by CFRP have been conducted The design method and density
of the material determine the limit performance of the space-based telescope. because there is a
weight limit of the rocket. In order to improve the resolution of the telescope drastically, the
accurate design using the materials that are light weight and low thermal expansion is investigated.

The conventional materials for the telescope were Ultra-Low-Expansion glass or beryllium.
These material has zero thermal expansion only around cryogenic temperature. What is more, a
toxicity of beryllium during processing is problem. Comparing above materials, CFRP has lower
density and zero thermal expansion in wide temperature range. Therefore, the accurate design
using CFRP is expected.

Mirrors are used to reflect radiation; hence their overall figure and surface smoothness must be
adequate and stable for the wave length of interest. The requirements for diffraction limit primary
optics are the following: (1) Surface Accuracy (<A/20 RMS), A (623nm) is the wave length of
interest ranging from a submicron for UV and optical system. (2) Stability (surface displacement
and/or deformation << A), this includes long term temporal and thermal stability. It was reported
that CFRP mirror deformed about 10pmRMS with time. This micron deformation is critical
problem for designing accurate mirrors. The deformation mechanism has not been clarified and an
there is no design answer for improving the accuracy of mirror. The deformation against external
load is predictable, since the bending stiffness of CFRP structures can be calculated. However, the
time-dependent deformation is not unpredictable. To make breakthrough in developing the
performance of the telescope by applying CFRP, quantifying the amount of time-dependent
deformation and clarifying the mechanism of the micron deformation are prime task.

In this study, we investigated the time-dependent deformation of high-elasticity CFRP which is
used for precise structures due to its high modulus. We categorize time-dependent deformation of
CFRP as follow: (Ddeformation caused by moisture absorption @thermal deformation @creep
deformation @deformation due to the physical aging of a polymer Bdeformation caused by
internal stress relaxation. Moreover, out-of-plane deformation does not occur with moisture
absorption or temperature change as long as ideal symmetric laminates. However, as described
above, the out-of deformation was generated by temperature change, despite of symmetric lay-up.
Therefore, the symmetric properties cannot be obtained even if the layer stacked symmetric against
center plane. The deviation of fiber and ply angle misalignment might by one of the factor that
generate asymmetric property of symmetric laminates. We should discuss the deformation
considering these factors. We constructed the finite element CFRP mirror model considering the ply



angle misalignment. By performing the time-dependent deformation analysis of CFRP mirror
considering errors, we specified the principal factor of the deformation. The purpose of this study is
to suggest the accurate design method of CFRP structure thought the results of this investigation.

At first, we examined the deformation of symmetric cross-ply laminate. The deformation of
symmetric laminate has never discussed before, since the deformation of that is quite small. We
devised the experimental set-up to obtain specimens figure with high accuracy. From experimental
results, it was verified that the symmetric cross-ply laminates twist about 100pum order under hot
and humid environment. In the analysis, the deformation by absorbing water was calculated
considering the deviation of fiber and ply angle misalignment. Since ply angle misalignment exist
in all layers, Monte Carlo method of which the ply angle misalignment was assumed to be random
number was applied to investigated the deformation statistically. As a result of Monte Carlo
simulation, it was clarified that the symmetric cross-ply laminate twist due to the ply angle
misalignment, and deform into saddle shape due to the fiber deviation or scattering of material
properties. The analytical results for ply angle misalignment correspond to the experimental results.
By comparing the analytical results with experimental results, it was clarified that the accuracy of
ply alignment is about =£0.3° in this material system. This value is unavoidable value. When we
design precise structure using CFRP, the accuracy of ply alignment must be considered. In this case,
we have to take into account #0.3° of ply angle misalignment. We suggested the indicator for an
accurate design considering the unavoidable error.

Based on above results, we performed time-dependent deformation analysis of CFRP honeycomb
sandwich structures. The structure is composed of only CFRP. Surface sheet of the structure is
quasi-isotropic CFRP laminate, and the surface sheet is bonded to honeycomb core using adhesive
mat. To consider the ply angle misalignment, one of the surface layer of quasi-isotropic laminate
was rotated about 1°. The material properties of honeycomb core were calculated theoretically. In
this analysis, the calculation cost was reduced by replacing the honeycomb core with 3-dimensional
solid element. The finite element model for honeycomb sandwich structure was constructed, and the
time-dependent deformation analyses for moisture absorption, thermal change, creep, and matrix
shrinkage caused by physical aging were performed, respectively. From analytical results, it was
clarified that the deformation due to the moisture absorption or temperature change is greater that
the deformation cased by other factors. The amount of the deformation depends on the height of
core. We confirmed that 1m-class of general mirror (diameter: height= 6:1) deform within
1umRMS under space environment.

We manufacture the CFRP mirror by way of trial. To reduce moisture absorption, the
cyanate-based CFRP was adopted to the material of surface sheet and honeycomb core. The gel
coating technique was conducted to create smooth mirror surface. Dimensional stability of CFRP
mirror was evaluated by interferometer. Twisted surface figure was observed, and the accuracy of
the surface was 180nmRMS. The micron level deformation can be guaranteed in this prototype, but
there are some problems to achieve sub-micron level dimensional stable structure.



