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BNIEDIIRLNT ETH D, X fflisnD =Tt /c EOWILRICIE, kR, AETES, A
RITESAZEDELNTC, BERDORALEZEAEDHIRRICIE, FAE, hMHEHEE, AR
SAMES NI, EEME L & FOREFREAEDHIZERICIE, R, ATE— K
. RKHME, DNIESRES AT EE N, SEOMEE It &/ IMEEEDWIERIC I3k
Fog, RHRR, EESADNB SN, TO%K, HEmOMHBEME, KE#E, X BROME, T
BEE TR FEIG, BEPEO KRGS, AL TR S AEAK S N THEFEGEIIITM IO NI,
Z D&, WIFAOKNTHE > T2 < D NEDREPIIFANCE S T2, ZNTNDEF TEN T
W L ix b Nz TR FRYBLOWIK R —EREA 0 XHRO i) HERE S IFRE TRk b Nz,
Z IR RZEDIEEBEHE ST DFZ KN D - Too BRI EE LD TREOD H 2 W58
EUTHE LD, FIHO/NMABEIHE O B R 2 OWIFREIZin L, /2 < OB
FHEMAEZETH LV REGRYEZER LT,

R Z ORI/ IR TE T TV W& DO— N Th %, 1960 4 (HHF1 35 42)
M5 1963 4 (A1 38 4F) X T, @O FMIARORERIEME NI, TOK, L LTED
NI, PHEE, WA, 8RB, SRR, @I EATB TH o7z, Rathiziod
pRE & LT, TEFLEMRATOERBIE S A L RIS ERS ADRL N, HAMED SEIOHE

17



EAMKRENT, HMELYSRBEATRIANKRLN T, FEMFOZEL LT, FRERE
MHMEFA (1955), BUGKRED SEAGEM, HLPER (1960), FEFAED SPESR,
H#HE, ARECREE (1959). HalEE (1960), HHNGE (1961), AfEsCiE, WES, ks
2 (1962) SAZEMKSNTI, FRBEIESAEBZRE, TAARL6NIHTEHDN, KREHE
PLOABDHDTH S,

AHADIESKIEE (1,2)

HEFEEED BIE U TH X b NTHIZERE I AR OB MR IRFHRLONE TH >
Teo TOW, BITAMRANICESNT, BRICU A Y (Bh) OHFEIRIC A S NTZRILEIE A B
30 FEEHDAM LR 2 i > TIHW oo BCIRAARIORHRE) 2 (1 - T, SRR O RBI 2R LAY
BERH & SHERITIE S T L0, B 08 A Il S BERAAMICE, Vo TR R E <
IREHRDVNE N E DWRW T & 75 Bz LTz, FEEMITEDIIT 5 FEERICHAN E W S FAD
WZE£83E T O LD S GEEICHZA BNIZEDTH %,

A DEEM (6)

137 @ Bazhenov & Konstantinova I & % AK# DB DHE A chemical abstract IC T7z
ez, MEHRENSEDS T, @A FIEEKTIDIESSIETH D, EEEND S LI1dED
NTWiaholz, & LAY THNIENEZ L THD, AMEVAVARFICTIOHL T, T
o> THZEMA Tz MHECT OB HONSIENZNT 2 L. VN A—Z—DIRND
FERICEDDT ol AMF Ty ¥ o )VHFERZESINCEE LT, AMICRHRELE
Mz %k, TOREED Y > o )VETHRINT % 2 MRz, IEEBRIR & EERR OB
—H U, KM DOIEBNROFEZMHEE LUizce EBRD LWV DOWHFHNLETDRKDR
BINRE - TR T - 7z

AMOEBEMICIE, HE D Forest Research Establishment 7 SRE&AH TN Tz, 1965 4
7 AV A D Pullman TAMIEMHERABR 2NN NI RE, AMOEBLIC OV THlHZ RS
Nize Z O KA OARMYIEISE Prof. Kollmann A, 7% 7z D% BV TARM O EEBSH
HRHTHD e nhoizE5bNiz, Prof. Kollmann &7 DEEICFOMFHEREZSIH L. £
7z 1966 1T #07 E N7z International Academy of Wood Science (IAWS) @ Fellow < FA 7% 3 {T:
Tz, 1967 44— 2 kU7 0 Saltzburg THIANT= IAWS D5 1 FlOL2H TAMOIEBELZD
W T e R L IR o 7o' —Y 7V PRl R —IVEE LWEAL TS NTc RRDOHICH > Tz,
FADVEESENS T L DHSRIRWERTH 5,

EOEERE EER (71 16) DEZEB (1955). FEZEF— (1955)

HEBRAAD /N ZBRAAE & A= E N E M O BRI TEE D FERZ L Z N5 21, RO
ST, TR0 PERL, s OmEFREDOFRN S/ FOEMZIEL TEbNTz, S
LTINS DOEM ORI ZTAN T, SR & EERZIRINE THE S % 2 LAk, REEDH
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MICHARZ & b/ FMOER & EERITHK 300 FETHEML, DRI %5, #1300
FRRITHTHM LI Uiz R D, T DZIZHIR TORLa— X DRSS L & BN Ex > 727
b EfERE N NEFERZOBRTERZACE LN, KEDKGHE EAM LZOME THAIC
NI, LW TH %,

BOEEL (8,19) {REAZEX (1955)

1955 ., GUBILERR A O IR S TS D MRBRIE 234 T T b Nz, KRS D75 72 [#
E UE ORI & EENICEmZ DT %, 5OHbZINIW0 7092 &, EENFEELM
EHNEUSIRANIEICHITE T %0 BT J Phys.Soc.Jpn ICHE LI AM O EBLK DM X ZFHAT,
HOIEBER DI E—FEICR 5RO E NS HULHTERZ T T2, MYIOAMICIEERD S % D%
SEHYIOBICEEEXD D B EFAMIFERS Lico AMIC>7z L RICEETH. K. AOBICEE
R LW RZ AT %5 T L MMHkTz, FIARBEAED SIRE & NI E RS E D 17215
T BOJEBENRIIKEICIEHT 2 T 2R Ule, 2B L IeAM DB DT O JTEERDHEIFH
di= -0.1pC/N THBH, WHLIROT D FEERIEH dy= 20 pC/N Th, HEI5—47Y
flk#ft & hydroxyapatite & DA TH 2D MIEKEB D O ELN LTz a5 —7 U i#ETh %,

AMDERFE VO —=ATHZH, T I — iRz —Hliidia U7l T8 =R B
NI, R VT4 T7aAY) ¥R (FIFY) KEEEMRMDIE SN, > T,
FEBMRIIEEY OREYE TdH % 2R L 7o A S EICEENICTHAET 2R TR R0 L
SNz, TOEMERYHOMH BRI L THMEL VR OXRZ LT ehd b, T
BRIFETHEN, ZTOHOWMILTHKE DNA ICE EEREHRENTZL. 2L DOEKETFIC
LIEERDTER E N,

REEELDHAENTHE > BOHEEXOMAREZ OFEZ L5 LT Nz, HLlE
DIEESUITDWT JPhys.SocJpn (8) & JpnJ.ApplPhys. (19) ICF#k U7z & 3 o HiGE
XN CTHEHZ IR U2 £ TH %, 1964 4 New York Univ. @ Prof. Shamos & Prof. Lavine
NEDIEBELOW 7 IR Tz & &, FLIX Visiting Professor & U TR SN, KL L &1 8 7
HI# New York ICHITEd % C L WHIR T,

TREERELIIBIEARDE TH > 72D T, BOEEXICIIEHNEERLHZ LEXD
Nico VIFORBFICAT v L AfREnTHEmE L, D UIRRNCEBIGEWEIRD &)
IRz BT R 1 A DEFRERZ IR Ui % & —E%, B S REMIC -
TIREDPREL TS ENXBTHEIO SN, BDELHIRICE > THRETZ L) HE
EWHEDIEE D TH > T,

(R E DB E DTN O BIEAR O THAIC A 2I1CDN T, Fukada and Yasu-
da @ J. Physical Society of Japan O XD ERGIHENS XS ICEo>7z, BTH EEMHZBEA
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HERBEINDH, FDHEL 50 ], Physiological Society of Japan &Rl T Uz, SR
IKIEFENED STz E LR,

British Council Scholar (1956-58) R.W.B.Stephens(1956), A. Charlesby(1956)

IMFERRFC ORI & L TEN S NRW DR, KEANDRE A TH S, 1955 FH, @nF D
TGRSR O ZE N H & Nihed Tz, JEE O/ N—"7 T)VJE 1110581 D Dr. A. Charlesby 4
JEF4P N TS U 72 polyethylene O#RIRER 2/ INMABERIFICIE > T < e BRSO 1 B
N 1 HOMETH > Tze AMITES 72D LRl CEEE TRiGHEZ N TH S & % 10 HE D]
FHC K> TRV ZF LU TTAFw ZOREN S TLD XS ICHMBEMN L 7ED EHICH T AIRIC
S BT M oTe, BEHFRIC K B0 FRIOZREESIC K22 TH %, KIEBGTEDM
MEDSIEICREBICZ LTS L Ebh o T,

REBRTE P EDHENDH > LD TR TS Lic, REDFEHRZIFEL TWcliWnic
A ENEERZARZOMBELNIDT, BHLHMOTHLLIGEIE & X 5 EAHHIERY
TIHORLIMFLTLEE 57z, #WI< London @ Imperial College of Science and Technology @
Dr.RW.B.Stephens DfFEZEICHE{EL T, DrACharlesby OREZZIIENSHZET 5T &
T&7/z, Stephens SeEIZHE L THUE)I T, TOWRED L RBIKOEN LT ELEN L
FEHL TV, FERICHYRAE T, IREHS London REFH TRIEE BV Uiz, KEEEY
BTERAXNZZHENT1%. London DBEZBFIIA LT L D Stephens TRKEDHENS
E5E->TWB,

ARG L7z R Y ZF L 250 Co™ O y SR O R ) X 7 )UIC DWW TRESIE O 2L 2 5t
Ufzo WmlEf%, HATE GG F O EAIICZ D | S0 FARORGE & A GHEZ
LT EE o (B TERMOWMNIEH > T, HABEHE T RGN FERE L. B EAT
ZET D5 DFGRFZEATNC Van de Graaf hikds» Co®™ ORMENRIE T Nz, FTROBEE /4
ICBHIC DS T2DE CDOWHTH > Tz,

PEBADRL3EME  (F131) SIRBYUE (1958). EEIES (1958)

FEFLEMFENOEIMTE L LT, BIRES A LEBERIAL, N2— F—RR LD
RO LA B Y —DW5 R To Tz, BT I Z—ORH#HM & tryglyceride ORG M & DREH
ZHRIN U, FeBMlAnYy—oFEEHE M, METARNZ—Zu—)L TR L E.
BRI BN B BUKTIR O R 2 FE W U To RN LR A DA = ==& A L HGRfET 21T 5 72,
Z OWER/NRIED LA B Y —DORE TEEZE R T S8z EH L T b N, k77X
F A—ZIC K BREHORBHIEIC DWW, M5k & HEDOME— DRI > TV 5, RfeE &g
A A LAY —DORH TRER L L THREEZ W0 O T, PIHORMO R SUI KL E
MLV,
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C DB IEROHIEEARER, BRI KRR, 5URO/NFAREIRSAEED LA 1 Y — D5t
ZREATIRD ENT Ve, BB ERBIORE, LAY —3@mn FR2AC L > THER M TSH
D, BELBAGNITUEEINRT 5NTV S, FAIERMEE Emn ¥ L Bz %S % 50
TLABRY—DWRZITS T EicEo T,

J%[¥ @ Dairy Product Research Institute @ Dr.G. Scott Blair (&/FFL°F— XD LA 1 ¥ —fiff5%
DEERE CTH > Tz, FRE D TOREBHRUICHBRZ 2N, £ DFEEH T electrorheology & #4143
JTRENMLTLEE 5T,

BERETEIERIESR (16) FHETRE (1959)

THERE S AMZABGICEDAGRD & EDSIRE > T, /AINRBEIRE, BERE, &% A O/ AR
e RAEDHREMNE TH 2D, EXEREPIA Y a—Z—Iff@E L, MWROT AT 1 7ICETIE
NBEFREDRETH 5, KICHE CIRIEZANDIZDHZ S DANDEHEITN TS, FAOWFIED
KETEEE A LD AZJOHHETH O PHES ADIGHINE T VUIRADHIZEE LA - 7o
L LNx, L5 DEHZET S,

1960 EYUC & w70 1 DREHES 7 « )V LOBIRFEORIE SR T E N T o 72, JUN
KEEDEMIZEIISAED T AV LISERRE 2 5 2 75085 51 ERZ0 | gtk & Pk
ZHET 2 tan § A—R—ZRELEINT, THUTHIAENTT 1 )V LOBNHEPER DI & &
72 IR L IRE DRI L U CHEIMICE T 2 E 2 PHEE AN LTz, BICHER AR
ROFER & MO HBHEDOBEED BINE N, T OB IIIIRZEORE BRI & x> Tz,
BITE & RIFRS B BEIT C Reolograph-solid & L TiiliE N T3, EANENZEHT 100 7
L EOMFRZETHEON TV ZDIEAREIE LN & TH %, FIHREEREFT OB A, A
HIEE E AT DD 2 DRFEICDT 5 TN EH T %, THES AT DR EIRIKOEH
KM ORE SR Z D E LT, LT AT ¢ VICED ESRZER L. FULARIZETO T1E
Bt = ctARIcEo T,

JEE S T OKEBMIEEEZ & DR & EEEZ & 2R WIERSHOEEKRTH %,
S A E B M2 FEDERMNIEE B D BAAIS 7 H L T 2 BRIR R O JE B R 72 2B U 7z
(M.Date, Polymer J.8,60,1976), T OHald 4 0 @70 1157 5O KBRS R 2 39 % HE
?E‘ﬁ‘f‘bc 73: D T:o

NERBMEREERE (F055)  fRERSH (1966)

WEREDT AT 4 T7ICE EDVT, HEHERIC ARDEHZDF, — A5 IR3ZERZ MM 5
R B ORI 2T, 1om® & & O/NRR OIS Z SRR 2R ES
BT EMTE T PHBE AT DOEZRER 2> T, BIROKIRERE TRIADEE L A DMK
RS DRERHRIE 217 > Too RICHREUREOREMZSLA N5 LT, ROHEFHRT in vivo D
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MERSEERIET 2 T IS Uiz, TOWZRICDOWTIRY A Y () OFEBFABIAICE B
Bl IR o Tz,

MO LA T Y —ICBOLNEE D IRD TR TH - 7z, 1993 41T Boston @ International
Congress of Rheology T Hemorheology (kLA 0> —) O 2RY 2 — LGS NIz, ki
FEE RS ORI U, /INARHILIRS EERT DR 2 3K LTz, Z DD EMD California
Institute of Technology @ Prof. HWayland Td > 7z, Prof.Wayland (&% D17 U7 CHAZG
1. hemorheology ICBY9 % HokKE I F—E i Nz, HERERAHRVOBNWETH S,

PRBE AT ZF D%, MEREDOT T, @A TIZL 7 FLy MCOWTEEIRIIZEZI TV, U A
NCIL T Ry A 7Ok ORI ORER RN N, 5ol E TV A OFBHRRE LT
W E NIz, I RERBHRICZ > ERBBH LTS,

fRENMRASEEST LR BERUAES (022) KHEHEZ (1956)

BUGH ORERE & LT, RIS LR 23 E L e, U A Y OREHE S AREKETEA
DFMERCIE > Tz, REFE A HHIZ R MR 2T 2 T LicphEnre, &l
BAMEAR DTS & K E Nz, HEARDFHFELH LRI HDKE TH B D, Bl TR
HENNEHEIEMDO TRICE K%,

IMFERR TRV TR

FICRARIZWFELAINC &R C IV A WO A DR (KB U 7z FA E 725 <L HOm T
ENFEBVDETERATH -7z, 1952 FEET AV A TIIIVAA bWV IBERZET TR
Fy 7 AMHHRLZE WS Za—AR D > Te, FHOAREMEEE L THEHWE WS DT, /NI
BREAEIRT T 4 V=R T Ty 28l LTk OESLEEZHE LIl &N 5
(F19)o Z1i1TD D electrorheology P &EH&EM 77 FDOAFITH > e & LR,

RN EARED T LAY —DORURZEE L LTE - L RSFAZHED LI TH
%o TOMET IEDEERIZZRICMKL AT —TT 1« 7V VOT At EELET BRI KERIC
Vo Tz ROERU LERAOEFR 2 EFBBEE NIcH 2D | KORNOME 2 TR U,

1962 . WIKDBIEIC X BERISTIDEH TN TR, S20IC & /RERRF T Weissen-
berg Rheogoniometer 7z #E/MN 5D THIAT 2 T LMK, SARFIRES AN Y aVE A1)V
5 EDIERUSTIOMEIC K LTz (151 FHE LA B Y — DD TH > Tz,

[i5] (A D B ARG 7 B BHIR BN BGEHIDA TRIE I % 72 8IC Fitzgerald DEENDH %, 1960 FH,

C DA ARSI 85 O AR ICHIHE TSGR O/ MR E Ay BILNZFE AT S LD
fHATZ, UL U LWEEE THRIBICHE D 5 7z, 100 - 5000 Hz TORGFHPEDHIE 213 Z4F O1E -
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Thb, DL —F—Fv 7 I—FEZZFHTNUIRETE 20 TRERODNE-> TS,

TR RN RO BTG BN B > T AR S Ad HAR R BIFIEATICEI L 72y, a5 —7
> DITEERAND AT > RS ORIR (37) 2 LA — D)L THIFE LTz,

HASHIAE DGIRIEAS & A/ NRBERIE & BERF D /5 DR RISk 5N T, b VLT A FD
MERRIRA R 22) P RV RATT7 VY « FUA LA YROLABDI—ICDWTIHRE Nz (]
54),

AR E TR TH > A S AREN LWATH %, MHEOREHMEDRIZE % X Nz hY,
ZOYWEIRE 5 721 3h 0 OBASIREEZ BEL TED TOMS i Zfibh iz, ZO%BEREHA
DI NTZD. T A AT S TREE N, Fali X T Cabot TIHHE S N Tz, MIED con-
necticut DBEZHRTZT ENDH D, ERDED FRFPEL LTHAETTH %, HEADKH
PR E AT/ IO EZ SN izt%, SREHZHOTE5N S,

B(LFHIRrR

BYE2AWEZERT T 1960 £ T A0 5. A0 FYIBIIE R TEMRI LD S0 ¥ O se 2 ih
BTIESMNTz. PMMA ORI ED B E % o0 T OFERB S O BlGs & RIS 1D H %
LEDTH->T, FEYER, MEEUEE AR EDIEN. HARZOMHE AP HT K E ORI
JEASEE, REIEZSRAERENEIF—ICBINENTED . @ FYHIROMOTH > 7,

TSR AR 77 T O FE 238 U TR YRR E OB — ek L B2 Uiz, e E0BE
T TCHMOWELL 2D, GAEBEE AORBERY 57 NEHOMEEBFLV Uiz, O/
MRERIF DRI 2 i N LI Te R T d o 7o, 1R & B R OB 2R B B 2o
RIS % BIAE 2z 20Tz,

REAAZELDORIGE L Tzl WmEa e, HHcfi-o T XTI e BRIV LIS
HiInEohahoiz, 3HIFEER. EREOBROINIIS>T. 1o TCERVEBS Ly oledhR
ZETHEEATWVWS, 1963 4 4 AICKIIEIHHC AT U, [FIRFICHE X A0 & /MAEREED 5 BERFIC
Bz,

PEAWIZE T SRR SR IZE T £ 72 0 . BE O 2R T2, 1958 IR AR
JTEE N ORFRENE 72D | 1966 0 5 I3EHAD S RETICEIE L7z, Max Plank Institute 7 ¥
T2 HHRMZEOMBEDLITCH >z, 1966 4 4 HIEFEEMNEE BB Nz%, FHT
VIR B OHRN RN T, R E O AT RICSH B ED T U, EfkEms 1
VIEERZE 2 O EALWFZE BICRAD T U Tz 1980 B AERMICHI T Ta E N, 1984 ISR L 7z,
Z O 20 FEER S FENMIUCE R TE T LIEREZEE TH o Tz,
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ILZFLy b (42) SHMEER (1960)

FEHORAEMEICTOTL 7 F Ly FBMRAEEN TS, JEE lom B 20cm DR TH
%o 1920 FEUFLIOTTRESD A1)V F D 8 EARflf DEF RIS ARICTARIRE TR E N ZMA T2 X
FHHT B LIc K> T, MMAICIEADEMNLEIREEND 2R U, BT
JERFEEDBOCHZMEANTIL 7 S Ly PO ZHIT TE Tz, @ETARTOIL 7
Ly FOREEROHGEZITV. TETR 50 F#6E L TEK 1/7 DERMFEEN TS &
R, KoE L AT aEMH SR EEMCAT S e ZBILZ, ZL 7 Ly bO
LEMEIC DV T O HARTHET NEHOR R WIS TH - 7o (BB, BUcP 2B . BRI
45,141,1969.)

BRETFOTL Y Ly 2T 2 & 0 FEFDNEFRICEBICONTA A Y DBEIN T
O, MHFDEEA LD S5, BE Al T OBFEEROMIE %2 < DD FIT DOV TR
IZfio7ce T MLy FEHTEEITHTER U EITIC K > THIREN TV 5, @REARE
e NS T ST M RGO 2T, L7 70 EBICBUKEE 727 5
7 FEAG LU Z 59 25 EOMETEIER SNz, WIS TR EFERBOAEGmAED
BEICY BN Tz, KIS BIAT BB — M DR IS I O E O Bl 2 RS &
DTH-oTz,

mEHREDOLAAI—(30) HE E (1964)

LAY —RBH# e ARORETH %, EML A0 Y —TEIARIZMEDFRS & DU
MiTdhs, VIVIIVEBOEREDH & UT, MKEEO LAY — 3 IEFICHBRNE D, £
TR E BB T —X TH - Too WIERITIIONE S AHSBEFE U 7z iliiA D Bhirpkhaik o 3l 5
N> Tz ALEHEORFE ADMIK L A0 Y —DOIRICBINE NI T LI RERFETH - T,

R4 @ Prof. Hartert A f#%& L 7z Thromboelastograph > i1 &5 AE D JIE 25 & U THEIRIC
b Tz, B FLOM RO MIE 85 Tl MRS O FE T OBGETER & BRI R ORE
M2z E R INCET 2 C EMNTER, BE L TOWARWMKOIE= 22— b RO E 175
oo MRS IZAEIMIC I fibrinogen AV thrombin & OFEH] T fibrin & W5 7 )UK % D <
BRIGTH B, UL LRSI IRIER, LK, /Wi E D& 2T 2 E ARG TH D |
CNZIIFINIEN BB 5 L VWO BMGRETH 5, HIRE A T OIRFIR I UTA
M5 < BRI TIT E MW et 2D Tz, RIOOFIREIREIR L A A—2—ZEL T, 7
JARADVES E 2 i1 O FEZE SSIHIRE D ) 22 P IE 1 B UBRIR I AIIC A A R 2 28T T %, i
VT, MRS O iR LB RIMERISICAAET B C L 2 FRA L, TOREICKRIE NIz
DRI REEZFMTH 5,

NAF LA BT —ERDOWEEHOREL DT TH o 72, TOREITBHFESAIKES B
DTH5, wili. HREARHAARANAZ LA T —ZBOREEHDENTVEMN, EHEW
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RADJEREDNH D IELEEEN TS,

NIFLAnI— HERIITHF (1966)

1965 FFEMN S LA 1 D —IC BT B9V EAIC IR o 7o, FRCIMED LA B Y —IcBI L T,
RERERREOBEITH RN R DR Z S E DBk BN T, B AR Az
WAWVWABZ TRV ERREARTH o 1o BEAEAERNREN THM T, ik oM
M &R & DBERIC OV TR hamde 2 b iz,

1981 fFFICHEBENA A LA O I — 2D HATHI NI, M/NRKEEN R ERE, DR E
THolh, BEERKENRC R AN EIC KA R BIMEEE W20z, 1992 FEICHA
TEHOEBINA A LA n Y —2@ DA NI R IE U AR SRRICE S h, By 7«
DTGB EMMI N, TOBBANEREBENIL LA OV —2202ER DL,
1995 47 A U /1D Big Sky THFENA A LA B Y —2@ DM TIENTZRICIE R T X4 LHORE
ZARZHO SN, RNZDOREOZEHFICIR -T2 LIFREDERTH > T2,

BENr1A AT -2

1977 IS FUNRICEDTFC NG THARNA A LA OV —Za3hGiA Uz, B, T 22200
B LR EROWIEE LT 2R THO . LMD eb MO GIWR LT -T2,
FROFHROMEZ NI BISKAOME/\ T B4 BEBEREREE L >~ X —OR#H—
FEZIECO HEOEROBREZIN, #l#E (B IBAE (IIEEK) ., e G]
R, EREHOR (NREAERD . EEE (RIOK ). R IR, KEERE. G, KR
g GRS, FNTH (ERA) ., BEER Gt rEXR). B, GEatR). dke (H
fit). BmEE (THER) LR EOREFTBOHIEDER,

AMEERDREKEFE (28) FHEZ (1964)

FHAEZ EAFHRREAZLD SHMOMRBICKENTH D, BIEETD > EAMOEEE
DR ZEHT TIRENS. AMOEENRIIMOLATTIEH X DR 5 ADEXN> 72D T,
FHEADWR 2T TLRED T ERERREE LN > e, b — ADFFERIC K E L HEERD
HB A EN, TR, #AETAHTROBHBCOMM TS XS T, THREZHR
ERCE

BBt O—A0EERESH (70) SIHEX (1964)
A DD EEREHRIZH d=-0.1pC/N TH 2, Wt /)L — XA DIEMED D EFEHRIFH
dy,=-0.5pC/N TAM®D 545 TH - Fe 1L & AU SRR TR DR FRMB ORI E b hic,

New York University (1965 Aug. - 1966 Mar.) M.H.Shamos, L.Lavine
New York University ¥ #°# %} Prof. Shamos & State University of New York Z & 7 £} ©
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Prof. L. Lavine MW DEBX D7 bhsd % 12, 1965 FICFAZEBBERICHAN T i,
Washington Square DD 7 73— kD 15 BHCRKAN LR E & EITEH, YRFHZTHITH > 7z New
York Ol 22 L5 T LA Rz, MPEE Tl o B OIEERLHEERONEICH I Uiz, {RH
FEERLNT, BRICKZBOMEDIRZIEEE N, RHEAEN New York IZHifEHICK
FEMEZTZOEEN LOEWHITH S,

Colombia University ¢ Prof.C.A.L.Bassett “? Prof A.APilla, State University of New York &
Prof.R.O.Becker 7 &5 D& SRR OWIZE 2 U THIC &£ 7% > 7z &7z New York Medical Col-
lege @ Prof.A.L.Copley ** Columbia University @ Prof.S.Chien 7% /31 % LA 1Y —THL R
FHELELMOBI TENTE, 8 7y HOWIMIETH -T2, TDH%Z < DIVEDAH & [FHE
HIIC SIS % Tl & 75 o 72,

mMEEDEES (33) [FHIEE (1966)

A= U7 TF VDIEELRDWZEH S A DEREICBLIEERDH S T eHATHREIN
Too MEORHIOT—7 Y, TIXF YV, MilcAELEDN SRS, BOIME R 7 )V a—)UcDF
TR UIEM U722 ED . BiiNEH 252 T, EERZET 2 T LMk, SUE/MEEE
THEEBESEZBMIL 72, TR THALICESFEHATADBMNF T, BLOIIENTE 2, EHL
FIEREORE T, AMEARD d),=-0.1 pC/N WS [EBEMES N,

PBLG DEEREDH (49) hkiEE (1966)

FRED FICHEEEREDDH S T L IFEREINIDO T, GRET TOEERICHAZED T,
Poly- y -methyl-L-glutamate (PMLG) ** Poly- y -benzyl-L-glutamate (PBLG) 7% & @ polypeptide
MR CTAFTE e TNESZIEEN ST L TEM LTz, 7k E A3 PBLG DFEERDAE AL
JE BRI S 2 C bz RN UTc, TEEROMEEZLT, MHOEEIC LS L Ebns
T2 10°C & 70°C D DO E TR LTc, Bl sl TRERZOLEHEEDOIHT, b
BIETNY » T A FHEEEN L EBEICZILT 2HRMMEC BT 2ol TDTLE
BN S50 Lvan B L TV,

BRI | BN T G5 08 PBLG DN\ v 7 AAH %K) 1Tesla OififigiFIci@ & T
EEICHRM L7 « VL Z2ESNTzs TORITIE dyy = -5 pC/N &0 5 BWEERME SN,
A= YD 25 THB, TDLEFINREOBFIRE A E BRI R > Tz, BRI A
WI T4 T7uAYDLARY—TRWEREZEINTTH S, TiKkE AR PBLG T
R B LTz, #5< LTRIMENZDRIRERETH 5,

DNA OEEM (52) RiktE (1967)
A E T VXK EICTEERTEND 25 2 Do 72D T, B (DNA) I EEETENSD 51
EWEWER o7z, FAHMBROMHER DNA DfiliE N Tz, kS Ald DNA DT ¢ )V Lz
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O UTIED [IEEROWPEICHEIN Lize diy =-0.01 pC/N fLO/NEWETH > 7243, -50°C Td,,
DFFSHENDHIEICED S 05 BEROEE R 21572, LS AldZ D% E/KFED 5% DNA
DWW T FEEND RIS KIE T B DOV THE LW 21T 72 (79),

FHIPEGER S > 7%, Poly- B -hydroxybutylate (PHB) I& DWW CECmIERS Sl O EBEH %
TER RS D AR Z OV COEW 2, DY B AV ICiifERICH; 213 =03 F b #
Mo 7. PHB Tl dyy=-1 pC/N ThH %,

DNA DJEBE IS DWW TIF A OIFZELINIF TN TV &S, i3 #F#E DNA = AT
T2 LIFAEHICIESTZ L, Poly-A REDEHKIKEE RSN TS, GRIOIERIC TR
TWCHHHH, SIS NI THRFEOTIZANRTH 5,

BERIRT 24 FOEEE (45) &TF () =8B (1967)

Polypeptide 1Z1&7) 7MY w7 X725 < o BOE MM, 7 7V HTICER LTz B BN S %,
i F & A& Poly- y -methyl-L-glutamate (PMLG) @ B BUfidif) 7 « )L L OJE TR 2 Uhed THlE L 7z,
% 7z B polypeptide D7 FHIDRNC T b BH 72 5 2 7K;. CONH DM Elfizd %M E 251 H L
T. B polypeptide #ift D9 D FEAERZBERANICHEE U7z, dy =10pC/N &5 KREWVENG
NIz, @ FEADBERIZ, &0 FRS O R 2 FERIMCEIRS 5 ¥ T DA T < FHli &
Nz,

Z DAL TRERED S HRGRTRACKE SNt EN T LE TanF Oz % &
FlZ, FEXDHZ T 2 XICREMTUHENT, @ FEAMES TS Niza RYRTF RO

I RZERITN L > Tz

AFEERTSFOREENM (31) HIBEX (1968)

AR T O FREEICIIKEAEEIC RS9 % NHCO 7 ED X2 D . Z DN ElHRA
JEBMEDERTH % &H A 5Nz, TIT DORIAMRAEICIE Dy OFFMENE L DA EZ £ D,
FAARHR TR S BRENTZED T TE. TOREMCATEONFMEZ & D% SIS BN 2 FEH
T BHHEMEN D %, HETREOBHE =40 5 &R E N7z Polypropylene Oxide D7 1 )V 1%
L T e Hkiz, T OikZE O TH)IIE AREBEEDHK d,,=-0.1pC/N THBZ k. JaFD
B -130°C B XU F57H-60°C DI THEEROBMMR 5 & 2R UT,

HINE AR ELZERRTF RTH% PBLG ICDWT, [EEBEMOEE N O TR E KR
28T Tzo 1969 I 5 7e4:h PVDF RSN 2R S M id, FERIEERO W € PVDF K&
UZ D HEEARORFEEDOMICEIRE Nz, BEIHFEIEAKACHER OB TH % H,
2008 FEHARTHIME X 5 International Symposium on Electrets Z&E & U TEMT ST &N
RESTWVS, {LOTL Y Ry hOEHICE DO TED TOEEN. EAEIEOMZE bAYE
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TRELHETZ L2BHL TS,

PVDF DIEEMROER FIaFHE

AP FHOEELRDOWMI 2 LT, IR ZOFEARMA THEL G ERHBIEEN D,
O DOEBEE TR A MTDOEE.ZRT G FREVOTINEEMEN LDH B, G
FHRIEE ST OEBOED FET TIRIE S N > foo INRBERFOELE 5 /i1 5 T OISR
IR E N, FORBFBROEEZHTTED . WAWADFEHDE D DT 1 )V LZEDD
Nz T4V LREMUGEGEEZMA THML, MOEBOMRZFNS NIz, 10 L EO
B TOHRNS, R T7 vk =1V 7> (PVDF) OIEMIHEIC dyy = 5pC/N &5 KE 7l
UHEERZF R E Nz, HICT OEERIR- M E ERCHOMICK S L0 Himd B S
Too TOBHIEDED FABRIHET 2HIFTH > 72, 1969 FEICHEE S NI A EDH
. Jpn.J.ApplPhys.8,975 (1969). ¥ZDHBEDZHOMITHEICTIHENTED, 5IHEU
BEHE 1000 ZA % LG E NS, ICHOHN S EIEEFEYLT I v 7 Lilli A TIEERED D
HHE NS & 7R > Teo MEEAED PVDF & MEDFE AR . serendipity (BIADKFEH DO HE
DIl Wb Z T b H BN, [FEE HEDOEFEORERCHDINT, BlRoOHEZ ik fE))
EEP U TIOEE LIHHETH S LRI b5,

PVDF OFEEEHR (66) KM (1968)

& FrIFeA D PVDF QM T « VLIS KEZEERODH S LR R EINT A, )
BHEHREE XISBERVLTWZDT, PVDF OEERO S PERIEZLOREIC DN TE
TR LIS 5 T LMKz (35). &7z PVDF O HEERREHE L AT NIER 550

&JEIE{'D f:o

PVDF 7 )V LW AS e 72 N A TR 7R 72 1 2 0 FE e R D 2L 1 72 POKTHHE & AUV L
THIFALT T NIz, HEEER, EREDR EEAEROREZCPRHZIEE E N,
d3;=10pC/N DEMGFENTze FTIETFEES)1F 2 VT, EEHEEROERELROMGRAZ
B IO LTz, Bildm & DM, AR BRI AEYPE AR O A0S & U TilifED
5EDTH-oT

AS—4VOEEZHER (70 90) B/ (BE)II) £ (1968)

BHOHEMZ AT -7 &%, HAKEMISRORERE AN AT =T DT 1 )V L2
&5V, T OB EROTED R ZRENNSAMUNE Lo A= VB ERLIZESF DT«
WA TIRIEBZROMEITNE VD, HEZREaT =7 Il TV T b oz,

Z OUDEHIEOWIF THYUAMEIER R ED S, JEDRESNTVD NEHEE] LV I M

EMCRBELTRLW SR E Nz, T —7 OEEEE WS B E A L DI DR
HEhrL<EnEN5S,
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FADESHE (41) HEREE (1969)

BT 7 F e 24TV VI BEEAEN DS, HARRKFZOMLTIEREN DT F
DR e Nz 7o Tz M E AERZIR U TR O BN dy = -0.1 pC/N TH 2 &2 HH
Uz ERIEBRGHEDREZCLBN LTz, 0%, 77F 2 EI4AT VDT 4 )V LIDNT
LMEL. HIRNE D ZNZTN MR T M/ NS WEERZERIL 2 (47),

MHE AR AST—T VBT FUDRICDONTEMA 2T Tz FFIC poly- y -methyl-L-glu-
tamate O ethylene dichloride 74 T D smMc [AIIRAE T O B FEOBIHNEFr = N H O HEH I X
SRR TH B - - TS (123),

KEICE A ENTRERH LOFEEZEM SN EMO TS, BEhZ B L,

RURTE2AL FDZL 0K (29) BR#EE (1967)

RAF =7 OHMNHEE ADED T T 4 VLDIEBIEICHEMZ R > TS 57z, R—=LIR
OIHROHOLE FADRIC, R XRXTZA KRPMLG 7 4 IV LZEDEL T, XA 70k %E
AIEL TR RE o, FBRCHERICH S T AUz, BE AT\ YR O BRI RV
IKHZTzE &, BERORYEMERAAEL LB, RURTRZAROT 4 )VLEZDRA IRV
ZTEICANTZT DD S,

1968 fRICH T TH 6 [EBGT BN MR, HNSA L —HEICRYRT 21 FOX A
IR NTDWTIHGEREZ LTz, FEEZ SNz Stephens e ICEHTEL - TELM ST
ETHZ TV,

PVDF DR RLIZIGHAN T A TAN TP ZED 5. 1975 FI1Cid PVDF &7 « )V L
EHWIEYA 70k Ay RR YV EEAE—A—0FgZTGcHE Nz, FAE & T\
RARYTEHEEZR LD T LMWKk, EEGDFOEETTNOHIOTOISHTH D, JEE®T
TOMRHZICL > TREZHTH > Tco LM LEBETHEN A ZH LIZDIFERETH > T,

EEEMOETIVERE (61) W EH¥Z (1971)

FEBR M2 R DRI RERT L7x WA, R sAH 2 LD BT B IE OO JERS S AT I TR A P k8]
BOSH U TRABIS 2797 HEEIEORRZIE RO T RF PR E )L 7 )b a—)LTHEL
TRTCHEER, FER, WEROMWEZITO. ETFVAIROMR LR L,

W EEARYAICHEELZ L7 b Ly FOMgEZ KT Tz, BREVU A TOANABIEEIC
&OTCO
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SEFEEIVO—XADEENM (80) {£2AHAER (1973)
YO —ADFEUATHEENE 5 21T B MICHRD D - 7o, EARE A =RV O —
ADT 4 IVID dy DIRED FAICONTANDIEICZEIT B 2RI LT, £TRKITDRKE
IR DT L RN U, BIFED XN TG B R FHAD | Kift& T H ik
92 &R LT T EAHNC K2 EERORS ORI IAD 2 BI5 T, HERAYZ IR
ENTVEHRETH 5,

University of Sao Paulo, Sao Carlos (1974 Apr.-Sep.) S.Mascarenhas

1974 4E1C Brazil @ Sao Paulo University IC Visiting Professor & U TR E 1, Sao Paulo @
59T 3 B SaoCarlos 1< 8 7 AWF{E L7z, Brazil @=L 7 kL b OMETH % 71)LF 773D
KePEHI T %, Austria 75 Sao Carlos ICF{E L7z Prof. Gross (&#FEAPTZL 7 ML FDF
IR HETH - Tz YHFRLD Prof Mascarenhas 3 E(Am 2T L7 s Ly MEL T2
WEREZMUE L, NA ALY MLy b EATF TV,

ILZ Ly bR TFIEBEBRDO#EE Uiz, JGEOEBIZECHTTHoTMN, 7 AU A
A®D DrRLZimmerman DEUNICF o TN, /— 2o TRDEICE DT Nz ZD
REDEE TS T2 NED, Lld L7 b Ly PEBSEZ ETRAICTERL TWADIELNT
EThHB,

HADSEERZIET B M2 H2 L CRRb IS I, FOAOT I F v OEERNVENE
IC K> TEILT B2 E N (67) IR VEIEZVRRIZF LU EEDETFT IV
LICEFNA 7 AERZMNA % LEE L ORE THEENRDBENDG &5 FEROGHLE F VT
(68)o

Prof. Mascarenhas (Z/L[TZL 7 b Lw DT £ E XL A TWT, BHERFEIRZ ST
TEREBAAEDFEENFICAL RO EIREL TEze TEBOJUNKZEZBIZOIL ST IS
B LEDS, [LECKE A S REORIBNOGENE SN T E e, TOEHIFZS T Sao
Carlos DYHIEEDRHICHi LN TWVS LTS,

TS5V OHEDHNIXILAZELTDENTH> Tz BIEYIOIZEAEIZHAN SR LIZA
EMESTNWBEZE DT, REEDIZEALRZ M TH >, Sao Paulo filcH % &, HROEFED
MDOHBANATAD O, X85 EOED LAY 257> Tz,

BOEBMDKSIEKFE (124) FIEFE (1 975)

AT DHEERIZIKDIEZ B LIRAT %o FlaHTROHEE T HAK D ODIREPED 72 DI HT
LIHENEDNETH S, ﬁulﬂﬂé/wi;@%ﬁ"&tﬁﬂ A Ko, R, JREE 822 2T, JHE
TER 2T Nz, 5D 10Hz TOEERIBKITDH 30%ICET 2 EHIETEEWIEE/N
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ERATEN

1953 FEICIRHA REEIF B DOEBEXN ZOMEICHET 5 IO THREEI N, 1970 I
Stockholm @ Karolinska Institute @ Dr.C.Eriksson (& OFRENFEN YR L Iz llikDEE M THIC
7% T W Uiz, 1975 4E1C University of Pennsylvania @ Prof.S.L.Pollack A% D% E) &
M DOV TIER M RFIE Uz, BB 2 &, R, S MEREIMAKIRDREI L. B M
BENHEOY— X BN UTe A A Wi E T %, JEEN & RKFNSIRBIENMIK B2 E E
KRELE %, ERNTOBEDISTJFHEENMDORKENIRIENICE DS 0N K5 ICE> T,
LU, MBICER 2 & BRIIROEBICHEES 537 —7 Vil O & izt BiHd 728
ICA F VERDTRN. O A ERDEMIEO EIEIEIC BT B RN H %,

7 2 O0—ADOEEHEM (107) FEAESEF (1976)

O — 2L D FREEDNELIL TV A7 S0 —ADEEMICZERN D - 72, R E AT
SU—ADEMT ¢ )V LERANT, ZOEBRMEED LR L, B SIEICHSEEZ TH
s 2mMESE RH Uz, wba—R L2t TH 5Tz, #-80°C ICIEFERER. FABRRAL.
PR ZZN TN L7z, 7 20— X0 FNO X F 1 —)b (CH,OH) M2 T3 )L F—R
TV VA THEEEL S 2 BT VR VT, iAERAREE OFERE & REMEANTIE KT
5T R LTz, EERMOD FimldE NI RELZHETHEN, IO TOHEEZAATH>
7z

MiEDIEFA LA O T — (128) ¥5HEE (1976)

1976 T E 7 TR E O SN ERRIEE N, Il E S ADVERE D FYERTL
RICBEEEI NI, HEEAOMKEEO LA TP —IcBE LT, ik 7 IAkIC & 2 Bk
ROIFEEHDKZ LIS DWW TR LW 217D N T, IE AERYEIItEE B/ L
T, IEEOREREIC DOV T EBERFEOBREZT 5N,

EFAREBPHER (W0 112) BILEE (1977)

FRGHRZAEEROBREI B @D FERTOA WA BIMERIC T > Tz, KemhEAD
L TANKAEGRRDTCDICEHEEEE AR KL S T RE ST BINEALZTD—ANTH %,
RUTIWFNAZZY) L— b OREGEEZ WA WAICZEZ B EEKIRENZT 5, ThHDE
¥l b Ly MeUZ OEMORMIRE R 2 L7 & & OBREERZ HIE L,
BRE TR & DIZ DR T,

RU7 I FOEEH (96) MEEL (1977)

R 7 2 RIEMEMEE S 7 & UTHISN TV, Poly(m-phenylene isophthalamide) (PPIA) (&
450°C DRl T®H %, PPIA 7 1 )b L2 AR U op Rl 297 % C LIC &K - T U HEERDBH
XN, dyy=0.1 pC/N  OFfA 200°C DEiRF TRB N,
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P(VDF/TrFE) #5an18E5F% (105) HE(EER (1978)

CoUFryasA Re by ynaF Lo (55/45) HEAAIZH 70°C THEERRAER
WK Z7R S, HEE Al X SROTE D S # i D& F & 8 55°C 5 75°C Dl I THahn
U. K& BRI RO 5k L B RE ORI 5 2 &2 R L7z, P(VDF/TrFE) Of& A
SEAEMD S HABMICEE L, 70°C HEMOF 1) —TH3 T L ERFR LMK TH
%o TOBHEZT VIIEEFAELEONIZE) 5, KU U L7 OsfiasEl, KU ABOFEx L
BRI Z D T B,

PVDF OFAMRIN_E (109) SIHEE (1979)

PVDF D73 #iid CF, X DRELAIC K % T & AERIC TR > T, FEERINIRREIAMN 73 h - Tz,
PEXADT A TATICHDE, CF, OMFIREIDE— A > b EIEHFIRBIDE— X > FMNER
LTWBZ EZFHLUT, ANRINO a2 fllEd 2582 HARDE ) TEIELTE 5o
Too FIREE AL CF, DRI LI 1000 O =S LT A7 LY A%Z /R L., &
KO X7 L A ExfhT 2 ENWIRFERKER 215872, BHRZMA % & CF, AT [alfiid
B EERFIIRLIZEDTH -T2,

PVDF OEZR (117) #EBiEZ

BT RACE S NI .2 e B i U7z PVDF 7 1 )L LDz 84S 2 L EIEDFE
9B EVSHEVEIRZFER SN, HEFIRZIMA THO 2, RAVEFRE., EE S Al
FYIEEE O EEMR RIS S Nz, I & OWFFSSRICEAL T, BOEBET 0> 7 ¢
TR AT LOFERICKE S HIRE N,

1984 (REICRIAEARILEIM O E M TREDNAATL 7 b a=y 7 2 L Sebiibh R ORI A
kS Nz, BAHE, BMEANI—T 4 3x—2—L% 0, RENMLE EHRE (EAETL.
NEMC (HAGES . ZHEM—E G Ra) ., JAESE OBERD. =5 (HYD OREK
WM UTe, W ERE, Jrgid — (Z225800) O IREERFZ L7z, Biotech84 (Wash-
ington) DEFRICE NN L 7318 U 72357125150 9 % . Naval Research Laboratory (Dr.F.L.Carter),
National Bureau of Standards (Dr.M.G.Broadhurst, Dr.G.T.Davis), National Institutes of Health (Dr.
L.Tazaki), Johns Hopkins University (Prof.R.S.Potember), University of Pennsylvania (Prof.A.G.
MacDiarmid), Massachusetts Institute of Technology (Prof.G.E.-Wnek), University of Massachu-
setts, Amherst (Prof. J.C.W.Chien), University of Utah (Prof.M.Okano), University of California,
Santa Barbara (Prof.A.J.Heeger). N\A 4T v IS0 FT /8 A, BE S FETEOIRILT
H o e HhiEE S HIE N,

NIV ABHIGIC K HHRETE (139) ®F—B SIEHE

7V ZEWHIC K 2 BITBROEEDNHEIRTHOENS K51k > e, B MILAVE S
THMEE NG B X 5N 5 BN RRAEYI AWFEE DO — AR 2 ff > TR ED |
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MRHELERI IO 22 AR 22 9 2 RN AU Z LT, MO BRES I 2558 HA LW o &)
NI D H BH55 %S % T LMWKz, NI AR —RHE I VT RS L 6. /3L
AEW 5 2 A 3H F 2 2 DNA NDOHL D A F & 7 BRFRE IS > T e A sk 5 72 ok
Bz,

FREHNF S A DN Z1F T, 79V AR 25msec, 7V ZIRENEL 10 F 721 100Hz WEZITH
D, WIEEEEE 0.4 Gauss Tl BEFEMEHE, 4 Gauss TIXBHEILEN K C 2552152, TD1%, B
R PRILOWMEIREA . KB EOFIIAROTRERTE ., 7OV AEWS DR T
WMEMTH ST EHRENTE Nz, Prof. Pilla FHIXHEIEILICEN & “ K" HH 5 LT
50, TOFFHIIREZHE LN ETH S LS,

IL7bLy b1 IVALICKBRERM (89)  H EMER KIGHEER

REZEAZE U T, RO HKRFAOH FIEEA & KEEEREEE L BRI SWiIck o T,
T70YDLL Y Ly T 4 )V LN PMLGC ODFEET 4 )V 72Ty FOKEEFDRE D ISENT
BLEZORAPNAENERE NS, Ty L7 b Ly MNIEMDEBET % ERIRNE RS D,
JE#ET 1 )V LOFRIETE 7550, BOEENC &K > TT )V M & iz td %,
NZFT BT BN S BRDEMIZRET 2 L EX 5N %,

B LESHADHARE —BXEFERRAARS

1976 fFITIRHSEE & —HICH OEBEXRBOM R 2L Uiz, H—RIdGEHERE IRkt
T EEBME A CIT o 72, @ UBHIETL Y Ly FREEXICDOWVTDRETH > 72h,
REFHIE P WAL DS LD Te OFBHAITIC K 2 ERIROWIFTHRERD A E S T,

1980 #FIC & Philadelphia T Bioelectrical Repair and Growth Society (BRAGS) & U5 FHIFR 2%
MFERL LT,

1983 FFICIZ 5 4 710D BRAGS D ZEMNHH THA N, #TET < A5 N7 RIEED DI/
HElRY VR Y 27 LTz, 1988 £ 51 HAARESRIIIZ 2 Lt L TIgE ks
FITL TV, FIHAREOH FAEDHREFHO G2 NI, BoltlE RRGRER RS | E
NNTWV3,

FAlZ T DWIFER %218 U TREDEIENEFP R O AZ LD BTz, MREEAE L EBIC
WY & NI R TRl ORI, IS REOWASITE, WO 2O LiE
A HREIERIRE RO EIERERIE, RS RO TR EE, Hik RO @mERYILE,
ROERRZAD =gt E, FROREOME—Re A, HARERICCEO PR/t ek
FOBARRI LR 87 8 WIS OB EE S AEIIEANFBIFNCHE > THeZniz b
BMFECE o Teo BEOWRZDRERZ L TWIEWIETTH AW, FEALDTIWNEFZ
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HWETHEREICELNT,

C DR REKER T DFETEAN R OW5eE & DO PL T RO EENREE o 7o, B OBEXINIGHE
ZHI LT RN OTONEWEMDEOERTH %, FAUIIRHEISELE & ORI R &
o TCTOWRRCBMU TS, BIEAROTE OFAED b RN < RITF AN TV Z
LT B, SR OE S RE DD SH LN ET NS L0 5 DIZRADFER T H
B, TOMBRIRERL LR ENZ o7, HBFTHS T OV AE S EZ 2 < O
RRETHHL TRV, PEERO AR LES T, DABDIEARDYVER TR, BHREEN
HEINTHEDLIE LA TH oI,

2004 fFITIEE 31 MDD R EZ B ERADORIKE —FENEHD SN S, RLDOHSE
ZIMFHEOHMPHRD LT 0B XD TH D, 40 FORFRZRE T H2D A L FEIRIEIC A -
TeDONE LNEW, FIICIZESR CHREEMNEG T 5D EZ TH o7z, BIETIEZLD
BRI E N LIEECRR BB S N5 K 517k > 7z, —/7 A1 710 BRAGS D21 The
Society of Physical Regulation in Biology and Medicine & i L T & D B2 778 & K DLW
TEICEA TS K IICHZ S, BRI 9 2 BRI OVEH O TN R 7T T
HBo NTEMEDNAXT 7/ 0T —DOWSEENE EELROMENEH &1 5 Bk 2 BRI
DZERDT EZHRB LTV %,

WRIgSEE LAY — FHEIRE

1980 fEEH & L5 A, thRHE QMM AENHEBNC B TIZ R D Yy Z—F vy DL A1
V—DlEZE N, RO TITHEITRERE LWHIEEND D, WMOPLOEZ THEICTT
DEHZERNTH S JADT A Z8—F v 27T %, KR EAMEZREL T 5L TH 20,
BEREELDRNTTE, BHABIETHEOETT IV E DL DIHERZFIWT T D kRSN X
BTHELNT, BRICHLERKEMNCETRETH S, hitES 58,941(1981)

HOEXHRHOMARICEELZ TN, RIS DT T THEDNERDO I TRET %
TEZIGHICHD ANBNT WD, REEHE L L THIMERICA 572, 2000 FICHHEZDRIRD
EODH o & BT FRUIEIIRZIE > TV 78 & R LT,

EHRSA 7914 T ABHEE (1980 - 1984)

1980 HFEFZ HHC U CEL AHZEA OB IAT A E Nz BERHIRFARINT R FORREA
THBEMN. TATVA LY AHAEIL &V S FIFEMED D O . BEAHGNT DHED 5 E ikl 2 HEtE D
—iZH S Tz, BIGFHAEZ OIS RUTE A K> T2z, IIICERIT O e LTS
ATV ATV AWM Z2E5 Z Licizo Tz,

C DWZEATICIZ B R F AR A FRO L2989 % e, WEY O 72 5¢ I K4
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% %0 P4 FEBEOHEMNTEESN TV, HRHIEETFHAEZ OB > 723N D TH
D, ERIEHEMDMES NS DTIZEND LWV NEMFE LT, T DTDITERTER D)
WOERDOITHERSOHEEI N C O, FHENHES TERELREGRE T 57,

FTRBUTORFIDZIC, FEFHINER T EHICIZ CHTILB A->ZHDO T LidEN 5N,
ERE OEZEZ BT 572D, A DEIROFHERIME D N B DMEREIRZ TR L TYH A
FHIC FREHIC A D . EAREZED S WITE LW ZIRD Tz, THUTKFE L TRELDRD N A 3T
HICEET D, Yy NIV A—TRIBADHZ 51k o7z, R B A D DMEHRZ KT L, FERAE
DB EFELEWET B E Lz, Zhh 5 3 HIE P4 HERE DM DV THIFHI &
ERIOFE L EWAHTZREE ADI RV FTirbNiz, B ADEIHOHIE, #HEiEOHN
AE—=H—TRILIZD, FRHONY T T Z—PRATETZD . NHK D BADHEETR I Hkf
k20, KREEEITR > TR ERDEEE S Tz,

BEARAN D S RIEST S ADMEEERE & UTIMEE Nz, B/ OES OO £ &8
DIFEREDNETTTH O DIBROEE TH > Too RAIBERT E Ad 568 NBIFRAN S 2 B0k 9 % O ifar
ISR ZHA TE Do T, UL Wi Z (F 2 T2 DI I TS THRR DT Al 2 15375 <
TRESEV, ERD SR OELFFHEN R EN TV, THUSHHTY 2 7cdicidid
RERDOELZEDRIIIZ SR> Too TILITITFIR 2 1E COHZDOENIHATN D 5, &
WHWIZHIEH TOHD GWDADDNED H-TeDT, BXUZEO TV XS ICHBENLT
Eb ol KB OWIZEEGEL A AR DREEN 2R L TR 5NTD T, KO
BHOEE DB TEMOHFEEZ R T 2 T LR, HIEEE DT Z DRI &
ADFIFDESSIINE S T, KHBIFER T 138 11 THERAIRE NI,

20 BUFRTIEEIZFE M DNA LWV S B EH L. BROFGLDHRICHET 5 Ll
L <, B TSR ORERIED R E NN TR ZICED NS DR TH > Tz, WEZR -
THHT 2N R o Tee RERT LIFBRD T A 75 I 2 ARSI O LR FH v
BRI T ORI B TETHUCREE LTSBANc PEEN TV L TH S, P OBUIcm L7z
BRSO RN I RME DILKR 7R LN D O . RMBIROWIFLATRE & B DIED > Tz, B
T DR E A EHIOZZRHER DD EIRE LIS 5 TIREHTIZ LWV S KR TH > 7z,
P4 SO DN BERAERICIH > T BT, BRSO > TOKEHiZEA L 58I Th - 7k,
U USEIC U THIHE R BOt— RIS OV e U BIEFHHAE 2 DL ORGR ISR 1
UTco BERZ2IBHR U CTRUERR. WIZETO—RRFD & ZIC, 2> TORMHEEIDREXEZEDLB L
AR D RACHN, BT 2D LIeDIRE LY o7,

BECTIEA—3=A F 7 TRIZFHAEZ D ERH XL EDREYIDNCIE ATV, #
20 (EMH TR AR DR L 2DZHUICIE T EX LWVE DD %, P4 SOMEEIE— KR ATE >
TeD RS, Uh UK ER FHHAE Z AT O @RI SR EGS T H O FFRE AN OB
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M TH o7, ML LTOEINTH 2%, HMOEHERIREDEHIIREZLDTH >, B
OB E LT 29— &9 2 T MO SR ARl IeE Th o i A D < o Tw
Te, BRI > THIFRM OB D FDO T IMHAIC LA TN > Tz, HEREAZIITSD
REDEHEERFID T 2 I )E L TEH T 2

AT E > TE T OHED 4 FIIFHORZMEET 2T WA DBRVWIEERIFH TH > 7z, M
ORI WL IZ B DT TH 2 B HOHN S R0RMEHiE N TV 5, DIFEEIO B
. BEEERTFORBD S & 54 T A T2 AR LT KA O KB ORI EE, i
RO, KEERT O, EE. HERO;GLZOMEBBDOANLICHES> T, HEoficns e
WO HEEE 5T, KEOFGRLSEIBHEEC I - il e THIC B> eRRicid, TH
FORBRZFELUTIE LT EE o7, EMBETHARRAKRAEDORHIC 2 LT
Holze HIWHHIHE Th > BRI EICE RO TEZ LTz, #FZiR(T
Uicth, REGBRIIEM LTI AL 2/ ERES > TV IREWZD, FARDNITIDZ DRV AL
K XN b 2A D RT3,

Technical University of Darmstadt (1986 Apr. — Sep.) G.M.Sessler

1986 fEIC FA Y DA )V LA 2w b TRERAD Prof. GM.Sessler 75 visiting professor D
%2172, 7 AV 57D Bell Laboratories TZL 7 L w b A 70k ERHLIZC L TH
HTHB, MFEDMFHNFH, HURMBICKS PR TE LM >z, PVDF 7 1 )V LICE
TR BIARE S BN T 2lfoTce HMIFDEEHB 4 LHTDEEH D, ZMEL T, TN
5 DO HFIBIRIC DWW TRHGHEER ZE > 72 (142) REDFHFICIFIVTOREF S5 ELWVARRD
Holee TOHEORICKHELEHIATA, BUWHZBT I T MUK,

University of Constance (1986 Oct.-Dec.) K.Dransfeld

RAYERAA R EDEBICH B R—T VFDOFHTERAL AR Y DD %, BRADRITT
OV AR YR RAaT IR, Prof Dransfeld 7 581525213 7z, Prof.Dransfeld (& 1971 4EIC
PVDF Z{fi> /e & b 5 YV AT a—F—=2REK L IcAX GBI TH %, Dr.GVon Eynatten 7
Conversion Electron Mossbauer Spectroscopy & W9 Jji%% ffi> T, P(VDF/TrFE) 7 « )L LD
dss DRFHEHEICHI LT (144)0 7 4 )V LDJEE F51AC 30MHz,  Svolt 25 0D e & 5 w72
ZBE. AZNTT ARG MDY A RNV RORENINZ 2 BB LTINS %, RO
HEREEMN 0.01A1ET 5,

Constance (F&HWIEEDH B HETH 2N, KEAFTERX VEEYMPI BT TR LVR—T Vi

ZHIES 9 T ez, HTO/NRICHES & A ADBEITNICEH NN T e kT, Ktk
ELBICELWVITETH > e,
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Technical University of Aachen (1987 Jan.-Feb.) G.Arlt

BT OEEEEBROWIFEZIEDT-E, Prof. Arlt BRZACT S5NT EWH B, EEBROME
BEBOPE T REN, S E TICRORLZ LB TV R0V ERRVIE LIk > 7z,
Constance D% Aachen IV T 72& 57z, Darmstadt Thhish 7z IERIEIEBR OB 7 ik sd K
S L LTS AT AN 57, 4D Aachen IFHENHES 24 I EICH DN, i LW I DTz,
KIEIFFERICKE L Tz, Prof. Arlt MEMRT, HTHZICKRZD ., HEDORBHRICHNED
LT & o7z, DO WIAETH - T2,

Eisenhauer Medical Center (1988 Mar.-May) D.Liepsch

South Calfornia O fF£EH Palm Spring O £%IC Palm Desert &9 I/ %, Eisenhauer Med-
ical Center &9 KEZEWBEOWZLATEIC Munchen @ Prof.Liepsch VLT L 7z, Biorheology
DEBEZHETHC TH > 7eihZ E 5 W DI MRV T NIz, JEWTIV T HORMTIE LW
MBS TH 5Tz, U LEIE 40°C Z#EZFERDE LNE EBL KD Z 5 72,

Oregon State University @ Prof. G.V.F.Seaman %* polystylene latex D 7% & FEZ e T
Ted WHEFTIC S U Tz, D€ 7 I)Vilifk & LT, polystylene ¥i+ L IKD 7R Z1F> Tzo
Dextran & Ca 4 > ZhNA TRERN TS T & & k7o, IR ME L BIRRSHE O JIE 2
T, MRS R 2 B 728 % T e Rz, EEICHI/I LT N7z M. Lee T ARRICH T
B THNRELD 5137 AV TR T3, 93 7 HOMEDRNC, Liepsch & A0 1
U7z [HBR 23 CRlfli L 72 © . San Diego @ University of California I Prof.Fung *® Prof. Schmid-
stein Z7htarc b Uiz, 727 XV A CHIH CTHEHOEIGFF 2>/, THOTHAENE, 7
AV A DIRNERZ R I A THERTEL» ST,

BAREZERHD S ISEMEARRR (1987-1998) #f E#H

FRHDFRAETH 2 MERE A, HARZEMMRASHOHEZHEOLEN 5, B
T OBLERPAHEE S 3 ERATO Ok 7702 27 POV —X—L L TG LA TH %,
ME AFE WA ORARZ 5 B AD OELERR DO 2 Fiffigi] & UTHRE LTc, sf0Iicihg
ZDO—NTEEN, PO T 5 XIS E O FAL TH o T MARHI S AL BAREZIC)ES
NTFE> TR Wz, FAVIATENC LIRS P 7 IBOAMICH S 7o 3, %, D0
ER RISk 2 K D IS RO R E AN D THABHE VW Z W EWz, TOITHTDL
WA EERTIC 10 XM DL T Lick > Tz, HID T >Tc L & TN TR
IEEEEF S ADNBONTZDTE N, BEE ARBEXE SIS SIEBMEIIZLATICE 5 ik
WKTREZ#HD NIz, DR THO TORMMZTRTH %,

HEARIAVY—27 L AFE=
DL HOWICHCEMEMMADH 5, A2 L—EXK. HALY UF—F, HAHEILFZT
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¥, HAEZEEIN, iR b=y 7 A0 NURER, ZIEROEDDOTHRPENMEL TZN
ZTNOWEFND %o HRICFWINFR T Y Y =27 LIBSH D . FPECAEER T ORFZEAHHD 1D
DHICTE > TWz, AV =27 LOREDWAT =ZE A&, TeldBZERGT O T S5O
FIRTH ST, o BB ABNMAITHAEEZZDTARICNED D > Tz, HIZEDFHCEAD
VIS TRED EYIDAARERZ T D, MENRVEBDOANTH > Tz,

FMZEa >y — o7 LACRBEAREHDOTRICT +—F L WIS SR H 5 Tes VAW
2557 B OTEF IS HZEHE OFSEHOBRICTHIR Y B/SN—T 1 WD O KA U > Teo BTV F—
YIBRWFFERT OO S CIIIL iR 1= C 3 - 7o i BRI AE DRI HT L TR 2 1F 5 Ml 2 K o
TN, REBFROLT, ThHSEDKRFDD D JFIC DN THEFERHR AW, BIED
REBFEDOREZZHRNDIEI LD TH-T B, a2V —7 LNIRM. DIIOWI. K%
TOTHMHREDORIRDOY & U TREFESRE ZRI-LT0d LR,

1991 fEIC, AT ADFEET, HEEOMAFD SIHEEDNEXZED T IV —T2ED,
75 > A® University of Bordeaux & University of Toulouse 7 74l U Tz 9% C &ic7x >
Teo WHIEHIFERE THE D 2 LT EHADIFEIZFLD & > I DHREWMN &V S A TH -
Tzo TOTN—TOMEICHDEINT, 7 AOEWIIZEHE LFARE AL —HEICT T > Azl
Ulzo HALAUG I B OWFFEHE DR L ED RAIFARK L& D TH > Tze FIVE—DT A
FV—DR¥ZZ LD NAITORPTHAGL T AT—DHEZ R T HI L TE T,

RV R—K24T Prof. Etourne 7 5 Scud Kazaoui & AZFENTE Nz, A& ETZEND THA
KT TR ZRR T T2 VWS TR TH - Tz, IEK. BARAWZORBEEAEICHBEHNL
TREAERE O & UTRAI L TIEL T ehtskiz, BH @i h 1 S Ad5E
PESERINR GO IEXFTRICIRHAIN T, HRAADRE A L FHEE A L HICD JEHIcfEA
T3,

EBEARVREEOLEM (148) =iEEM REBIET (1987)

HMEIZEAT T, KU A I FOEEES LWV H LWEMiZHI >/ ZDDE /¥ —ZHZE
AR EE, BN THREEAIE S, TEOFPORNIEZRI /0 ORI THET ST &
MTES, RV A I FIE400°C L EDOMEMEZRFD, EfEEME AL BBIETE AD 1985 4
IKHE SN Tz, RU A X FIIEMETH 20, WEDOH % @0 FIEEEG R S EENE
WFFcES Lo T,

Diamine monomer & diisocyanate monomer ZZ&HEGEHE T, MltEDH 5 JRAEM S ZFD
ERTORRMNMES Nz, TORFICERZINA MO MEAL Totiliz, & 21E TERICHAD
B, AT DRSNS 5722 L 2R Uiz, 79 LTz hngid % & i ORI B
NBHIT 2 LEROMEDRI LT, EBEEOH S ENFEHENTDTH S, HEEHFEp=0.2
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p C/m*K DIEAY) 200°C F TLETH - 720

FEHRRVRREOEEN (166) E BHH (1991)

1977 R FREARIFE R O H RS & RBOR A D =5k & —#chE O FilgA R E
FWEAT R R DS, FOREEOZL Y MLy b4 7Ry 72fio> THNZOMNHE
HEISATH 5T, 1981 FFICH E AZHBHC R 2 Uil I X ADIBE T2 2 BS LTz, 1991
IS Bl AR AT 2 O T & SEEBBIROMN T EEM S AR > 72, EEAR
HABEZEOHEHE L LTRH L, AHBERVIRAZEOZEEFICHOMHAT, REMG NH-
CO-NH i3 4.9 debye &5 KE BMME FREREHFD, €/ X — O EHEST L, EBR
ds; = 10pC/N DfEAH) 200°C X TRz D T MW o Tz,

RERARRR ) REBOEEME (176) BRER E (1993)

NERE AR Y PREBEDZRASIROVE I IR K E AW UTee REGBNRTH B IREEE AL
TERADRHGL S EDEFREOMIL L FRIRFICA TV AN Z UG E Nz, BEIAIRAR Y IREMLDE
BEH dy, = 2pC/N K BEWVWTH o Tehd, RO D 2 KN D 5.

RUREDMHEN (194 KAFRLZ

JEE &7 FOWIE TR EGEEIRZ ENTCREEL S E L RRVWEDEDH VW TREB IR K-
7zo 1969 #EIC PVDF D BN ME S N7z Z 0 2 FRICIEHL O T T T
PVDF 7 1 )V L2V 2 BE b5 VAT 2 — ORI E Nz, IERYPBEFRICIEZENT
A 51E, VDF & TrFe OILEHEAADHESEDOMERIC K E N, FEES D FHEE T ¢ )V LOKR
72 g & N izo

CT—HREICIIFE T BRI E D o T, 1B RZEOHE E ADRY JRED KOS 2 E
e, HEHRL LT, KB ELROARTZWN T NIcD T, HEORIHHRIzDIEET
3597‘30

RYUIEBEOESHEBRM (190) BUgRX (1990)

KB A D[R A © 2 F 1 VRS DR 72 o 72 AR KIS A S, ARZOT
BRI E Az E Tz, RY AR EARMEIE LTHES N TWA =2 >, R
1& -0-(CH3)CH-CO- DHid %z & D, YeAE M2 R DA RICHIERE CO-0 MDW e EEMEICE -
EEERIRD TREETH B0 FlB S AICBFAO U TIEM UIZRY -L- 2L (PLLA) 7« L L
EokEWiz, MIELTHS E, TOEER, =- 10 pC/NHBELNTE (152), ThE@ED T
DT D EBHETIIRRKDMETH %,

BREHIR 2O/ ARG = e BRGSOV AL P 2 RIS E 97 % HAUP OJ5IEEORFETHHA T
b5, AEYOI AR ERZ R e, RYAREZ > T, ZORSMGEZRE LIHFICK
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SRR FER E NIz (184),

HORSE O HEIC PLLA OEM U2 A % LIREDET 2 T & (190) . ROISHDH
DIC PLLA T )V L7z [EE U TIRE KRS % C & (193) AR T/RE Nz, PLLA 34k
WTRIKARST 2D THERMNICINET S T ENTE S, TOM%, B S AXBITAROE AR
& LT PLLA & hydoxyapatite D#E &A% FIFES Nz,

IVAEBERRRFRE U A2 (1992-2002) H+EF—

1992 I/ MBI OB E D KA EGF—ED S /IREII O RICBIHE 2V Wiz,
TR ) A R EAL D EFIHER 7E o Te OHm i & A 5 1) F 2 ORI N Tz
20Tze MABEFOEBIIFE R, ATE AL HE AZ OMOEFHENFRENET, EELS
2w RSBmOVt Z R > Tz, L LZOBIX, EEME ADBE RS WE
DBHFEDTeDITY F NI U THRRIZZERE TH > oo it aFeEISEEE R & FTEEMROFR
DFJEZHLEL TESNT, RXED LWEEOHERICRS C EATE TR D EFVTH -
Too FLHESEAICERESIEH LTS, 2002 IS OB S & U A 2 OBARIZEFIT IR - 72 b5,
ZORIHZEAT ORI & LU THMEEICZ> TW0d,

RUABOETHE (196) E&% (1992)

fEADIEERIE, WEKOEBLEEZE L TRET 20N EETH S, %S5 AL PLLA
7 1 JVINT T OFERED 7155 L C, impedance circle 55, PLLA OJEER, FER, gHE
RrPE Uiz,

FEEL T Iy 73 F 2V —mDMFEES 5 72D lIE EEROMREZ DR E WV, EES AR
THHOFELI IV I/ ZESETE T, SiRE TIREZ(LORWIEEE 2T 5 C LIk
UTeo TEBEHAHEEY T I v 7 PLZT OBFICE I U, 1999 FESGHIE KA DL RIT
ERAEDBMEETENZHIGE Nz, VA > TD 30MHz B S RFZ KL E D BHFEIC & LI 7 7]
Ehico RODFFEHENTEDRIRELRZTH %,

H“E S AR OEE Y Z I v VIR DG Z D SCREBEDANTH>Tce AMIEEWVDIA
WA TRAG KA BIMERIC IR > 7o, BE IR U T2 Tl EB R AR EBE D LA E A DEE
AREEFAEDE NS Z RIS LT, EEEGEHE &) RSO & 5 5 AWtz Lz C
BT, IWART AT T AZO% KO BIC A > TW5, BEE - TRHEH
TR FVOREFRICE BN Tz,

EEBMRICE ZEEME (204) REFM (1998)
2000 £ IC PoE & A DY BB K O S I & S i 7 A S &2 FE & L Tee JApL
Phys.87,863(2000) BMAREEIE EWVD T 4 — RNy JEIRZEEL T I v 7V REERY v —
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RSB T B &, ISP & WHOEBRMEAL T, OFapar ta—LEns, W
JOHMERZAICTZIEETEDLVIHEEANWT AT 147 Tdh b,

BEA =X ADOEKHIEE AIRETH 5 DT, FILAT R DA P I e fil - B
ROV 172 BV LTz, (LA DR ZBHEE T, PHES AICHIA T, MIEATOARK
MATE Ay RARHIEE A, VA Y OREFMEADTF— LRz, RAE A ERARE AR
HEHADONT IV TH 5. REEARHGTHERROHNFCEERY X—T iz L >+
NTAAE UM, BUERWIEATICHIAI L TV, K72 ABBREED REEGE D K [T & AR
NS EBRICH I LTV,

BOWEEEOHIIC R—LIRD PVDF 7 4 )VLEEET %0 HWKD &7 1)V LHMRENIT %70,
74— RNy I DEENNND EWHDENECTT AV LDOIRIN 5755, Lichi> TH—
JEEBTIEe RIS ZEWTd 2 T eV TE D, JEEEIPH OJAWHES DB A B BE DR AVEE L
T, ¥7210dB K H5VDIELMESNTUWE, IBWHRE T ESICH L %5,

JFEFE R D TOFEBENICHIE Y =25 b5 VAT 2V —Z2 RO CUEENEN TV S, [T
B )V LOBREEROERIZRII UL, TEB&EDT FORKDIGHICES b S, S
b, EEAGEE D S EAULIHS B 2 1G9 % T LD HKk Tz, BUEME T — LDVEMICE IR TH
2o

BRFREEREICKZETDER (205) Pavel Mokry (2001)

FRGH A O/NGE =S40 5 F = T D Prof. Fousek MAA & F = IOREEZHD T2 H
RANAERILD T2OD, MBI CH I ERIT TS NBEOD LWV I FEND > Teo HARBUN DO
B232TBDT, NROGIZBFFHGHRAO G IGRRBEZA Y O . FEERORHE I/ MABT T
513213 % T &icix > 7z, Fousek e D MWD HNE T FOEEEOYIITH > e,
EBEDTOEZANDISHRRHFHOT— THEDT, TOREHGHZIES T &% Pavel Mokry
EAICBRAN LTz,

7z 3 ® Technical University of Liberec T PhD % & - T9 <ICKH L7z Mokry & AZES
DEEFBEHETH D, BCACH CIBERTMAETH > T, BN LHISOREAERKEL
T2 fEfZ2/ VAT T L7z, Z O/, ILAFTEZ & COWIITO NEDBE TV AN A
HEEZ LT izi2nie T & IIEHNC A 20,

B UEBRTFOT 4 VLSEDNEEAS LI EICOWT, 74V LOEH D

S5IECHT, BEA VE—X Y AZRD, BEOBEBEEE L OCREROIGERAZHE 7z, BIC
JAP I “HRODFSCAMER S N,
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BHEEMRIC K SREHE (207) B2 (1992)

HEE ADEBMEOFMERIEONEIEEL T Iy 7 TR ZBE S5 HRICEICHE
Nz IRk & @R ORICHi A U7z PZT Huc AR RN 2 ki d %o PZT fRDs Rz
WrEED L REOROIGIRBBN DT %, Lich-> T, HIBIREIE K O & &R T
BEEENDIRIDHET 5. BXFEEEOIER T PZT BRI LI ZED 5D TH 5,

1999 R, HUERRIR AR b NTe R E—AAEIC B2V L 72, Terfenol-D &5
MEMBLZ BA T TSN T, EBEMRIOMREIFEDE DI A )72 DI Tz actuator  AVfilliE
NCTW5, TOBHET 7 F 2 T—REMA V&7 22 AR EERET U, BREEM R O
MHRNZLT BT, REFIEICHEZ 20 Lk EEZ T,

U & 2 FEBHFEER DB E A IiRbE & BE R ORMICBHEY 7 F 2 T— 22 AL
THERLTz, TRESD, T4 — RN\ IZIEAIYIDEA S T ik > T, ROHIGIREIED
BN E 72 Uy R IREEE P T ORERIC ) LTc, AMARRPIEKZIGR L AT > E—
Y AREES KD, ART VT AT OHRNEHZRERR TH B DT, WAHNA
JSHDHR S 8 LR,

EESSH FOHRRRE
RO @D T OEENZHRR U BRI 2D TEeh, HERINABROMIUS X
Ty, W DhDEE NIZEREZ 2T THTZW,

EELDREICLZIFTERE

7o AE B EK polypeptide 09 D FEBE M A RERICHTRA L 78I K 2 O T
EEE IS LTV, [EER, OFZOCAFEO LU TIEIATHSM, DHUTIIIETH %,
& TAM. 2RO polysaccharide TIEHER d,, DFFSMNRED LA L L BITKIET 2T LN
b5, HlZE, ZHBE)LVa—A7 S 0—A T, d, & -150°C TIRATHSH, SR E
TRIEICRS, 7 I0—ADEHEICIE AF 0 —)b CH,O0H OEHENIEDEEHRDFEINTH 5 L fif
MENTVS (107), 77 FHEED 2 W I EHE O HIC B RN & EO B EL > T
BOZNETNDOREZDEEDZ EEZ SN, TR TDEMEIESNTHERN,

B FOEBEROMIE, ARIOEME &R RLEIERFE L TR Y EMRZRD 2 T L3
Lo XIRERETKRICHKIFT 5o AN, Mgk & SHRICBIRT 50 70 F GO L2 E
KK TH 2, FREGDTF. BREDFZ2EH T, JEEEE D FHEEDBIFRIC DV T OIILHE
BRI TN TS XS I DN S,

SR FRADEELRDER
‘DT 7 A IV LDEERORKMIE T D@D T ORI OEERTH S, @0 FOnFHhd
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ICEDWT, BERNICEERZEITR LG UE X 2/ UMHIS R0, —DIEH KON\ =
ANSEEDWZEEE T o -helix polypeptide I DWW TiThN /2 DT, § 0 DEEF d),= -6.2pC/N
ME5 N7z, KNamiki, RHayakawa and Y.Wada,. J.Poly.Sci.Phys 18,93(1980)

5 —DiE. BRARDHFTET/E DY E THARZE /4D PVDF Bl DWW TEIE S e
E DT, dyy =-25pC/N, dyy=-0.25pC/N WMESNTz, (111) TH 5 DI ILHEE KT D/INH S RIE
HAHS X KRBT TR E BB > TRD AL 1FIE LT FEBEEERT & FIEZHAH
ENTHEL., TNTND THEEDHMMENRR S, A D@D ST 2 MEERDE &
FRIE SRR S NI D 23 ETH %

[EE 58— Nano-Piezoelectricity

[ AR 70 F DR D — DI Z OMEE ML HEIREI Tt T 5 2 L TH B, HERINGE
Tld. WEO LR LRI O & ZFMMED D 5, BIFIE T, FAEHE, stk FERE
ZTNETNEFHCEREI NS, WE FR R BIRIEGAD & & &1 FFEREIEI UAHITEN 2,
WS GRERIE D UNHIBED, & TAD. B EDE T 5iRE TOEEROZMUIE. HHhdiH
MUDWTHAT 2, ZHUCDONTHMIEEND SHEARICELT B,

C DA B ORENE, EEMEZ RO 10 T IEEEEO MO BHADHICEET
BRGEIC K > THIATN TV %, [EEDHCIIFAERNE HIERD T 2L VI EXTHS
(39)e —/3. HEBD N AL AESE R T TS 2 ET NV EE R % LHIEHEROHA T L
AT BT EMNTES (84). Fltld il /BB OB KIC K > TF / Kot OME O BIE M AT HE
(2 oTee F/ JOLTOIEBIROWEZ L2 N8 DTH S,

1AV F v XIVEASTFDEEMR Bio-Nano-Piezoelectricity

AR THENC BRIN D 2 WG SRR ETH 2 T L id—RICERO bz bV o T X
Vo FESURIES B E BORIIC X 2 B miadEe. T2 T OMEIC X 5 EROBANEZ DI T
BB, HEFHINCT DIENHMERT % & Ca A A4 > OHDABNHZ %, E DN
RO O ISTIDMER T % EHIIANAND Ca AV DMANEZ 5 L EFENT N5,

MRBICAFTES 2 4 A F ¥ FIVEARTFNA L VBHO TR ZRIZ LTS, A3 VF v %
ICIZZ L OFENHZ M. a -helix D7 FEIAATICHEATZREE RO DEH SN TV S,
DX EAFVF ¥ IV TOIFEEBNRERNTHIZNER S, a -helix DREEZFFOE DT
PSS N FTZEBERDMEMA T UL, Z D conformation WELT %, JEBRNRIIIGITIC X B AU
FONEEHRICER U, 77 FHOE & MMM > Twa, Conformation DZE{LI 77 F#HDM
OHEMERZZLT R, 7142 F v 3V FOEMNREZZL S S, 442 DizdD =A<
TBHIENRBREND, AT v 3I)VEATTO DNA SEEEYERHICIHE Nz 0o, K
BIMERT 2T EENEETH D, A4V F ¥ XN TORI Y=L LTOREEHETEZHE
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HLRWERS,

BULHDOAL

C O/ CRAEZMHRICBME NI ZHE LT, MR DONE L HEHICDOVWTO
[EEZ2 (ZIFEANEANT & Tz, W2 —HEIC LT AR, BHITSICWRIE, BRICHT % 4L
OHIEE THHH. FARNCEE S OFRENIET 2 BENDH 5, 7ok AIRHA L PEDHAIC
. B2 % T LIEPEOBERIISORICIDE L BIEDIRICE %5, EBAAM
e TEHeeHB L, —HIRKOBRZITZHELHS. L L, MIREIC L > THFEZ
FRE - ELENDTEVALTH S,

EROWRUNTEZ L D RICBMEEIC R > 7o, FRVFORIFERE TH - To AR & A,
DB BB R v S T4 7 (#K) ORiflZ LTz &, HiRkZ L TbNniz, &
TR RRED 5 T A 7 A T > ZJREUH [ O P72 AR MK & M e & SO H R E
ZLTEbNTc, 1993 FICHiERORBUCFHE LIz > ELEN LNEWHTH S,

IR (KK ) OSERIMAE & AUEBRIGIC X 2 BITAEOMRICEEEZ E > TLEE D, H
AR E LRI FE T & I U TRIBNIC B IGIE L T\ a2z, RIFELSE & BIRHE BA LUK
DEPEITHEENDH - T2, B Z ORI LT, BFAICH - TR > Tz,

R AT DJKRBEIEE Ak VDF & TrFE O E &5k P(VDF/TIFE) TF oV —iEZRE L
L CELTH S, BRI ZEN L T, S FilfddERORBICH G SN, FREELH
BERBRENEW ., EBHEEEISHDOZ ETWAWA BRI R > 7z, M5 [ E DS
WA L KR E A& DILFEIRFZE T, P(VDF/TIFE) 7 1 )V L Adi - TS EGH R ifE LTz &
HB, FICOT B Y —THICEIGANH 208 LRV, EKEO ICI DM 2 —FEI1C 3l
L7zb . JUKE AL New York ICTEEHICA 7 A4 X723 LTz 0, BT T 220,

BT RIS DV TR EPEZORILIELE AD S PVDF OIRILOARZ W72 e,
PVDF OJFEMUNTL 7 b Ly DK S HZGE LIRHAEMIC K S &5 THFZEDE < liEic
o TWb, AR TRZOE TSRO & =222 O & ANFER E Mz vinylidene cya-
nide/ vinyl acetate copolymer OB, JEFETH D 5D SRV FE DM EEEZ R &
WS BRZRNIRTE Cd 5 Tz,

B OWIIE BN AL B DOEFEMIE L L TRBOARS NIz, FEREC (B4,
A (HARE 7 2—), MEpBEAlL AHEBE. ZRBIG. ABBZ CRIEER . REER (X
AF ) gE Al (AT D), FEIEITE (G 2 EO AL LR X EFER 2L TV S,

bEHE
WHE DR & KRS O 4 2 FRIIC BN TR T, AR 50 FOMRDEL 2T £ 5

S
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oo A2 1WF % T E OISR 5 T2 /7 A DR IZZHIE > TV AMITKRED N2 DEMNF T,
IRATEICIRIAS 2 T EMT I LICHREH L T D, I Z Lo B FICE L BIK
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j
Polyurea ﬂ\4 : 9debye

2 RUREREEGRISH

SEEMRRSFOEEEEEEN
RHEAEDIRZ SN Tt s ¥ OEEN: & EEEOFFRHIBE 10 a0 ICHS
ICHTIEE > THREEMER Y IRERDHBIL 72,

OnEmEMED FOEBN & EBEHMEIHIR 10 FFEHE

1969 KU Z7wvikE=1) 7> (PVDF) DESE%
FEIRYER] (VAEEH)

1971 KU Z7wvike=1) 7> (PVDF) DEEM
IWER= (2 THM) FBENA=A EIX)
J.GBergman(Be | |) LB (7 L/7Y)

1979 ZwikEZU 7> - bUT VLI F L HEEGHRDBFSME
KB (Z1F>) BENEEZ O\14Z7)
FeliE s (NTT)

1980 EZUFVITFHAR-EZIVTT— MESEDEEN

&R (BRITKX) #BEE (==WMb)

REFEED HARZEEAREICTERE L TR B NTK) 10 Fi, BERENER Y IRBIRO IR TN 5

JSFBIFRE CIRA SRR LTV E, BE LS D¥RZ DTS T LN TET, BUETOHARIER
V) PR IS U Te B BT ST TRl E N TV %o LU NCHZERIFE DRI 2 FRIE A TE L T,

113



1989  HEMKRVIRZEOHEEN (ULVAC) (3]

1991 FEKERYIREOEHEN (ULVAC) (4]

1991 #/IIFES A 774> (Darmstadt TEK, ULVAC) (5)

1990 B ez (SHG) BaE  CRRUILZEKRY:, ULVAC) (6]

1995 WAIREIMHI > CRIRHEEE)  (7)

1995 Optical Modulators ~ (Konstanz X, ULVAC) (8]

1996 fEEL>Y— (7 =7 X, ULVAC) (9]

1996 MEMiEAR Y REDORFEEM  (10)

1996 SHG (%K) (11)

1997 JERIEYEANR (SRR TR)  (12)

1999 BEEHGASZFIEOMET  (RIOK, /NAERRE)  (13)

1999 MRV IRZDRw VAR (LR, /IMAERWE)  (14)

2000 fidi) A A = X LOWFE (Chiao Tung University, Taiwan) — (15)

2000 fEEvVY— (WEENATI7T7I5Y) (16]

2000 REE NS AT a—Y— (LK, /WEIE)  (17)

2002 AATF—HAFT VAT a—Y— (HIK, //HEWF) (18)

i p ; .

1994 F LB DB B MBI 2 v 7
(ELED5, REREK, SREIETT, BFE, HLHEEK,
RESTE, BATHE, ETH5, TBH, FEE
Z. EREEF)

HhYIC

FHE BEADITEANCHERE L TOTC, fall, AREL, /31 A MEMS, JEREREIRSE O ISHI 77
WTOFEESRY IREANOBLDIFRICEH S Ao TR EZREL TV D, FFHETER
HEARY RBEBEOISH B DEFRITHIML TOE T EWb > T,

RHICAE & & BITHIFERATE L7 RENER ) IR X 6 < 22 WA 5 T L2 HEE LTV

2o

114



S5 Hk

(1) PHERZE | FEXUAREE .9, 4 (1985) 289-295.

(2] Oishi, M.Kakimoto and Y.Imai, J.Polym. Sci. Part A, 25, 2185 (1987).

(3) Y.Takahashi M.Iijima E.Fukada, Jpn.J.Appl.Phy.,28, L2245 (1989)

(4) Y.Takahashi M.lijima S.Ukishima E.Fukada ,J.Appl.Phys., 70,6983 (1991)

(5) RSchellin, G.Hess, W.Kuehnel, G.M.Sessler and E.Fukada, Proc. Int. Symp. Electrets, Berlin,
1991, p929 (1991).

(6] Kajikawa,NagamoriTakezoe,Fukuda Ukisima Takahashi lijima,Fukada - Jpn.J.Appl.
Phys.,30, L1737(1991)

(7) FeF7—4996

(8) S.Herminghaus,R.Conradt E.Aust,W.Knoll Y.Takahashi,S.Ukishima E.Fukada,D.Boese , Optics
Communications123 (1996) P250-258

(9] M.ijima, Guo Hua SHEN, Y.Takashi,E.Fukada, A.Tanaka, S.Sakata, Thin Solid Films 272,
157-160(1996)

(10) T.Hattori,Y.Takahashi M.Iijima, E.Fukada, J.A.P.(1996) 79(3) p1713-172

(11) T.Segi, Y.Suzuoki, A.Tabata, T.Mizutani and K.Takagi, Jpn. J. Appl. Phys. Vol.35 (1996)
pp.4444-4450.

(12) H. Usui, H. Kikuchi, K. Tanaka, S. Miyata, T. Watanabe, W. Knoll and H. Bock, Opt. Soc. Am.
Tech. Digest Ser., Vol. 14, ThE22, pp. 170-172(1997).

(13) mhER=, A=, RHERES, EPIETT, e, FREM  AASE 2RI X
#1999 49 A~ 10 A ,1019.

(14]) Y.Tajitsu, M.Date, E.Fukada,Jpn. J. Appl.Phys.,Part 1 Vol 38 (1999) 5653-5656.

(15) PAO-KENG YANG, JUNG-YAW HUANG, AND JWO-HUEI JOU, Proc. Natl. Sci. Counc.
ROC(A)Vol. 24, No. 4, (2000). pp. 310-315

(16) Ohiksdse, TGS, MHER, RERK, EHR—1E  E@ERNAT 77 9P 12 4
JERAERME TR, 43(2000).

(17) /M2, &RER=, AHFE, mRHERES, BRI, FREEE, Rel BAEE AR
FTHEm SCHE 2000 & 3 H ,967.

(18) /MMzfil, RB5L3E, AHZFEM, AHMERES, EPEfr, VFREEA  HAREE 2
£ 2002 4 3 H ,1025.

SIeE - 771V 7 TR B EER
T 300-2635 ZIHE D K ILHEFE 5-9-7
TEL 029-847-8781 e-mail : takahasi@ulvac.trc-net.co.jp

o

115



EIE':/L,\D /, <

RUABBESHORFRE

BURIRX Z2F 0O (#k) AT« HIVEELD

1LIFCsIC
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D THRAEZFN LT TZOMN, EoMF Tl HFERZEINCH S X F 1 Medical fif
FRRIC B L W& E Lz, Uk, FAE O TFHET—<DO—DM, #k L7z R Y #A#E (PLLA ;
Poly L-Lactide) i€ & % AR 73 W AN PR & & 4 O SERHMEIC T T2 BT LTz, JeEic T o
Polymer DZEMIC K> THIL LIZYIMEICDWTHIHL Z Lic e T A, FEREBIC, ZOREEN
MHd %L TNCIEEFEND ZITENRL, o, ZNUIHRORMEIC X > THEINT 2137
THseFHEINE Uk, FAE YUK 40 Life Work O—DW, BICEEEOHZ L%, )
B LN SREE N T LICHDICHTH S T L ZHID FBAT LA, ZORBM ST
X, YEBTADRIHETH- T BN T, 2L T L7z ERbRoNT, H
HHlERENT, ZOEEEHZ RFICHREINE Ui, EBEMHEE LW LD T 2 EH]
@ Draw Ratio % 4.0 — 5.0 T AMED -d14=20pc/N, -e14=12~13mC/m2 7Z/RL 1), T4
HMTEWETH D LT

25 T T T T T 25

20 20

-d14(pC/N)
-€,,(mC/m?)

1 2 3 4 5 6 7
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Figure 1. The piezoelectricity of PLLA film as a
function of raw ratio at room temperature.
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2. EEMEREFADOIEEREMEDIIE

PLLA 38D IS K 0BT B REHEE 2, MO MEICHIE L THET % 05 it
OREFER Fig. 1) 1) ZEEFZ T, WIZOEARNTOMREZMERL LS LEZF LA,
FHE% L 7222 T D biomaterial ~ scientists *°. FEIEANRL D EERATE Z OMHBID in vivo I 3513 % Ik
LW e, =R LE Lz, 22T, DD o TSN D E . HABE S FEKEDR
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116



ZEOE LI, TOMEN Fig. 2 T 2),
RN R ROM EOFERIILD 5L E DRI BMBEE NI RBOERZHAL E L
Fig. 3 1SR T &S ICEBOAZSICHAIL T, IREROEAPREFICHEESNE LK 2),

(1) UHMWPE

(2) Undrawn PLLA

(3) Drawn PLLA

(Draw ratio=2)

(4) Drawn PLLA
(Draw ratio=4)

(a) Lateral scans of the (b) Transversal 2mm-CT slice

oseotomized crural scans at the osteotomy line.
diaphysis

Figure 2. X-ray CT photographs of the tibiae of cats at 8 weeks after implantation of rods of
different materials.
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Figure 3. The effect of draw ratio of PLLA rod ) ) )

on the weight of callus formed at 8  Figure 4. PLLA bone fixation devices

weeks after implantation
(n=4). O,PLLA; @, UHMWPE
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1994 FHIRDBHE O L E Lz, KF& LT, SIS KD 7 0 7YV —T ORI B RANER
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TN H D £,

5. £4&5E M (bioactivity) I< &k 5 B5# 1 (direct bonding/osteoconductivity) DT 5 & ZihER
IZ& %581k

F T T, bNbNIZHAER R 2 LINE (total resorbable) B &H# %KD T, PLLA & WM
HA ki 1+ (30 — 40wt%) D ARz R S 70 A SRS BB K Db LI A—8—=T 1 7V —
7 (Fig.5) 4) 72T/l T, 1995 fEEICHIFE L. folr (2003 48 A). i< AARICHIT 5
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Figure 5. WU HA/PLLA = U RY y - EIEHEAH
(Super-Fixsorb™)

6. #¥bYlc

IR FICEW TR TiRBEA TS, EAREE & AN Z R, B =IO RERN
Biomaterials D—2Td%h % A—/S—"T 4 7V —T W, WROFICEET % F T, ZROHER
NHOE LT, fmidm & > Tk E N7z PLLA ICXEBMEAH O . JEBEZ R DBAE I
LHHEEAEME LT, BIEBSEEONR & RO, (L2 E 2T % T,
GRS DERNC 351 % B HE R TR & FEEDRADHERZ LD . Bz L. ZORFICZ K
DB 52 F Uz, LIRS RN 725 3/NVEIC L > TRETH O LK DEHLE L FIFE
EE
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D, HERETRACHERE L TEME L2

1965—1995 ! BTURK-RABT Yy, B, @0 rYEOBEZHYT S
Ll gic, WoEm CIEHERIARRE & JE Newton Kt D BIfR 238K U 7z (ibid,21(1966)2324-2331).
19689 H -1970,8 H ® [#], Dartmouth Collage, 1k %% %% @ Visiting Fellow & L T X 1,
Prof. Walter H. Stockmayer ICRlIEE L7z, 1 EHIGHATT2Z D0 TOIHFRARD 2z BRI DY
WD Z G | EHiE 175 T EMNFFEN—IbDRSHZ1$72 (J.Chem.Phys. 52(1970) 206-211) .
2HEHEHIRE D TIBRDO KX A F 2y 7 X EFI)VO Stockmayer 7¢4: 5 & DIL[FEIIIZETH -
7z (Discs. Faraday Soc.no.49(1970)182-192). i, X7/zZFEOM A& = N& D O
REAMETH D, BB D57, FUKNCHE U EICT 2 I AaNF 7 M5k
Dr.Karel Solc & EEDK & 75572 LIZENERL.

PLE 3 NOFLORG, RS, KINEE, Stockmayer JE/EE Ay —IVDKER, TNZEThoy
T ARSI Z SN, HAMICEER R ETH Tz, ZOREHICHIETE T LIEREKR
FEHRHTHo. LHhLARHEDIGEICWVWTRET, ZOBKI DN EHNIRTET, 72
HATOWIAHERFTHo T L BHEIKEL TS,
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AHOVEHK—ROEAE KU HFERORE 2GR 5 RHIEHEHDIC B E Z2IHE,
HRTHD ., Xl bE#izm L LIP3,

FAl 1947 (W8 22) 2 9 ARICHKEIAHE 243 U T dUm E R AR O AL TH D |
T AD 3ERICTY D, 9 HAEFEE WS OIE, B TIHBIE S0 2 RIS N
i TH %, REHABERHARCET B @m0 FWBIHERO/ A A =27 TH > It i =#i T
HoTeh, FBERITHKE P OMELE AR S > T, FADIHBIKEBHE AR D& & 75 5
. 1954 (1 29) 4 9 AICHARBIZBHIRO £ £ THEINZDR, BICERESEXETH Tz,
FADMRFFRISE 221 B0 5 DAaih S RIS Yt/eld Kuhn O 3 LG MEGR (1934) ICHRE % &9 1
PR BERIATZEIC D A TH B NTz. 1943 FHED HARWIF 2 OB BT ZHF - AR
AFS DOV TR, FARBRTHEWZISEB E WA, T EDO TR % & A1 Bz 17,
1943), JLOTY brE—GER S THOI /0TI VHEEICKEKT 2 E DT, 7 7#HE
HROT I VHEEHTIEENN S, Kuhn OGO K S I3 FHERO TR TR, 2717
T VHEBOMNTHZ LT AV PO TFENMHNIZRETHS VI RICH D, THICDOV
TiZ. James-Guth 5 DHIEKEEICEIT ZHEROFEBIC K O (AR5 h [ LM Qs
1947)) . MAEMUIRAEDHE HHHEIC 1) 5 0 FBDIEA D ICBI S 2 fOEMA TIE, DT FRT
KDITLLAHETH BT LN

FAD 222 A MR D+ 2 F—13F Mott-Jones @ [The Theory of the Properties of Metals and
Alloys (Oxford, 1936)] M 7F A THH. G A S5NTZREIL van der Pol 7#EX (Relaxation
oscillation O—H#I T, RThom DA% A k17 ¢ —HEG45 HO M A ZABGEROSEEK) OEH)fE%Z
RKDBTETH-o1b. KEFERMRTE FLondon O Bose-Finstein i i ik He 1<5#E
LTH5N% A - IBER, ERXUATER LD TR OMRZ D) FOEMERICED AT L,
BIESEA < T R TE T, Yt —ROflmz 9 5 K 51 L OfREZZIT T2, Thudket
DZFNE TOMRLEWEINERE KRS 25D TH-> e b b, I EIAEZCSIL
TR E DL I F — 3@ FUBICT 2L DN TR TH D HHED A 2 R—3EHED
ME— AE, TS0, AEORMER, BEOERMS, EEHRETH >, K
RpHIE AT T E %% o ey osaiky, M HEERICH > 7 CIE GEAHRBIERABR) XKELH
THETZ2L51CED, SHHB L THEHG LIGRXZRRITHBNT LIcE D TH > Tz, AHODR
PR ROMIE TR E NI @) FIFEDERICH > 2 L B0 1940 RO ES T TIEIA
WDHEGETEAS 122V AT Flory-Huggins D&, Zimm O YU Y )VJER. Debye OJEHELEL.
Kirkwood ORHMEER A EHE L Lo T,

RO AEDBLOIZ BTN (O 5 F Vi) 18- T T, Pauling-Corey D a0 - NV v
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THUTRED B - EDMICB TV F—ENH O, JLHEDOX S ICT Y ha ¥ —R7ET
T ZRIVF—DHMREINTL B 058D TH-o 7 OKE=—BE w7 E Gt
iR, 1949) 1 55 2 % © S si= TH22MMEE D, S 7 5 F Valita SICBd %4 (Wt
afffZE. 30, 1950) ZFE LI DD &S FUMERANDE S L &5 T,

HAYIE AR BN LDl 1946 (B 21) ETHZ M, MO ms R
A TYENTERTH O, ZOBRMOSEFITHEL LTV o 28R 12BN En Fei Uiz
DTH o7z, 1953 FHIZIEN TRAIDEEEZHE & 7% > T EERHEmY A2 CGREL 5D 1S
Flory % Kirkwood EDMAFENTWIDIEZT DAL TH %,

R NRIEAEE 1939 A/ MAEIHC BN 525 XN, 1942 FIC IR IFREIC B9 5 4 %
7 MR 2RELTELN, MIFZERICIERESR, FHREZOmMK, %RIIEMHE—,
B KD IND > TO e AR EOE I F—IcdfAE LI LIESINE 8 THEW . #id.
AL A AR ZERFIC AR B A D O BRI D O | MEN M LEZ BRI LD B, lcmn
T OFERBIGROH NS DT /IMAHIFCUEH & AR A RICE 4 THRAVWZE D TH %,
DNTHEMNS, @ FHAROFRE 1951 (1 26) F 12 HOT LT, 20D UHiFE 9 HICHA
(EERA R SRAEIAT IS I > T e, SO, FHFWZEE 7V — T OS2 R (&
PGS THLHREUMX (G FHR#HE) TERMMEINE K I1CAD ., Ry TldmH —H
TS NI O TEF TS EHEN T, KINER, ARG, REARTIRRS, GFH%
DR MEER CHRIGRAFERM TN TV,

Td. ADEFEEEBRAICK > Th 5. >KE Dartmouth K7D Stockmayer #3%D & T 5
T Visiting fellow & U T 4/ (1963~65) #ifEd % & Eic, 7IVT T A MgE R DRE G
THEEIRZ R E AICBIHDE LD T, RGEDT LEMD, T TIE# OB 2R EETHL,
Kb DI, EHEADSHE BT TBIEHZR bND K SIC. FERMBREDURLZDTH
JEZ2f B REBETH %,

e-mail : akmiyake@tky.3web.ne.jp
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BN 34 48, dfE R (LK) OHPAERICY 2 HhIC UTe, AR TEE LULED 1R
MESNTz, BIRTIRICHRE Uit 2 DO EGEICI > T D TH > Teh, — /T T By
Ve Uy 7Kk EMRIAICED B —N)VE T ¥ I RIS LI FERO T2 5 2T
WizksicEbns,

FAlE. BERD 37 LR OB AR 2 K U, B EHRRICEY T 52 LIdE> TV, %
D VEFIN S, & FasmEAiizeE T EEEN (RiHdAh -7 & LT, efn=8d% (dt
KBEBZFD DIRE T OREGTF 2 VN T LRE) 772 i - 7o & i F R 0 B 2 (i o 24 (5
WA AT TV (FHEEHA I NI SHE X, YFFEA TH > I #EH O
FNCEVD T, HELTWRE SIS, ZOEICIE., R TRENBICK T 2 EESTE T,
HESER X ADREEIKIC K > TEL R0, LB ZFNICHE> TEEARTICT T2 720 Uiz,
Tl COBERFRIRSGEEL I TH - TO T HMICERESE 2O THETh . HB L X,
LC FHRIIER DA > X7 2 2 AR D fesd, RN R T AN—THERZEZ T, EHAT 1 v FD
FUFTRBORL TV, Z05 5, ERZIEZT1 A—MUIER-RIE SN, 2 TR
IV DOBEETWOGEMREH > XS T IHEHEO=/HMELAE CYHRBIABER) 13T DKEICHE
WTC, ZOHEIQIKFEEETE LN,

Z O i ZEREUR CYURF AR AR 213 CH & Licmor Tk dikiist = 0851 T.
B ORI & 7 T HRID R ENT 2 — 3EE > TV, — . RSO T89%
TH o leEn FiABARMREDO =ZHRMREIRDN, £ JITKER O SRELIZEND Th - 7.
=HOsEEEER TN — TIEIFFICAKD G K 2K OREDN 4 LD TR & KA
BHE U ZNCR LT AR TNV — T3 A EEDRGRLOSIE LFAD 2 N2 TRAKTH -
Tzo FAE. SHEEZ S Tho7c RICYIMHGERICHEY) D, HEROAFMDFE T, ZTOEH/ —N
WEZETNKDEN 2 12EZR 17 )V—TICE DI N TN Ko TV B DREE RN E DTz iz &
mREICEDN T, ﬂﬁ*i%i(éﬁ““¥?ﬂ¥gﬁf%ﬁW)@ﬁT%ﬁT Hmy@
A FIATEROMR 2 I S e led—7., FhramfREo I F—ics g8 TiE-
Too RERIZ VISR S TS, BN S B FERADESVTEESTRVESID RN E
SONT. YOGS TFOREDEICES T Eilkote, BLO—FHEITKHME (HAL
FCEERD . AL RBE AERERGHRERIAR) . 51 QERHAAE) OREMME
FELTWe, o, WMBIT L LT, TEIHKK GIRKER) LHERAHENUHFELNT
Wiz,

RZEBETIE. ZHIFOMEED & 2 F— PRI O/ ERER 2 2B E ORI THNAT 575 2,
MIERERLO A ) F 2T LICHED & BT, @ TR OH =3RS = THPFHREBK (4
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HEFZE AR, = B 2S5 DIgEZZ T35 Licik>Tz, L L. B0 R,
AR O A ERBRE ORI, @0 TEOPROMASPHIED R TR0 Ik EMERIEDN S ]
HTH -7z, Ji D OYOEE LR THATIED., FWIKD 7 H T Mason OHRAUKEHRE)
F2Eo e TEmFhRiamR OBREELE ] OB e R Uiz, ZO/ERIE. S LERY:
THM NI A 2ALE LR T ZHMOEFOMERE— (BIEKEdER) & —FEIcHER
L7z,

TR, B IR O =M O M —R RO &0 FER G IS [H) .
WHAEBEOERGE T CHEBIRESEGR. e —RBEE) OYIER . 5 3OS n
b2 (PIEERRREED) & BVURSED &y e EFNEEERD) OILERNZNZENERINIC
FLWIHIE L BB ZED Tz, KT, BIGEEIEHRON LERZHIELTRY 7 2 /BOH
JRICHD A T Wz A E, BODEEZENT, o -V v 7 ADFHIAROBRIREHMED
oI TE >z, ZDYKEE. Doty RFHMET S DERRY 77 2/ IR T DOMEE W)
TEDOMFEMNIRD T, HRMICE BELRHAR TH - 7. HINEIRIEHE LAY —] Al
EHETHHLTH DM, BAOMFICELBOBELER N T\, bl raltnd—kEA
W ZF > TBONTD, 7TV AGBICEHEET, 77 VAR (v V> ?) Ofhie
LERMNTOIEEDIES GRRENOHE Lah >72), BaHIC, FMI KRB AGICE 4
EHiEE LTI TV ABRZE UM, BRI EMES NIz, 77V S D IERELD—H»
5T, 7TV RABDOZBEI— AN -TeDT, BRISHE T ENX D TH-oTe (TexeFHRA
WICDWTHREN TV ADZENTLE 272,

WAFD 38 4, B LEMEORBOE, MK EZTHRMNIZE 1 20 LA 0 Y —FEma TS
THR LU THE LUz, HENZ DRI, HPFRERK & —FICRHR R EICB RO LTIt FID X
IICEE LTV (GRS L S #s 2 i o 7z in situ Tk S DMk EZRIE T % ik
WTHEIND) 2B NAA LAY — 2 THFERKE EHID BTG > TLEWEA DS
TlE ol FREFLEZBZIEDGZVTENMUDKIICH D KD HENTTH, RRICHiEEDH
Breml, SBOHEEECREZBIIOHL LITET,
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Reports on Progress in Polymer Physics in Japan (RPPP)J)

= FIEFR

REAR— WMIEFHIEFR

B TP EZGES 2B LT, Reports on Progress in Polymer Physics in Japan GEFf
RPPP]) ICDWTHiE L7z, DAED G FRPZDORBEICGEERFITIC D > TREARFH S
ELIETITICH %, BRILZODBEE T > h, PEEE K VB L2 O TR B O WFE
FICK> TEAINTE BRI TH %,

1958 I/ IRBIIF D R/ NR IR, SCARPAIFLENIC K 2 @00 Bt OGS 1D
LT, @0 T OTSHERDFITRIRSD b Nz, MEDOWIZLRRZ 4 EHUNOI SR &
LTHEBRLANMNCEAT 28D TH S, HEHATORD FUBEMAOBBIMEO NS L, &
BEATE DM TdH % DT originality DRFHDO FERMNIEKZ T & RADHILFT O = TldfiF
RIS X B IS ER DOFHEN TE B T L x Ul a1E LT, 1973 £ 53S0 ik
B DR 22T 5 T & & KTz, 1992 FEMHIE. EEBRDOWMFE N S DELD review paper
£ LTz, 2000 FORAETIE, ME IO &2 FYIBLORE T IFIC DN T ORI Z £ L
THATZR T Uic, BTSRRI E OB EME &G FICBIT %/ —N)VEFBEHD RG22 fi- Tz,

43 4FMICH 7= % RPPP] DFREFIHTOMHRICIE, @0 TYEO R EARZFEE N A1 ZRL L
Too UURICHFRZBE W TBANIZEIT %, 1958 FEYIHORERE R M/NK GHEZEE), &
AR, /NFRAL PTHER. TREN—. 1962 FIIFFRHCHHEIR O . Ak (REHEE).,
MR, BIRE—, ME%E—, M\ = 1974 FISHE K T4 TARNCHEHBHR D |
FHAZA (RE#®S) ., HE. fHEER, RISzl (RERH), EAKNE. =%,
1992 1F, HHR— (WEZAE). WBEE. TEIHK, SR, WT—2, HEE, MMIEZ,
FERME, PR, BB 1998 MEOHEERT = (KK E), T ofth, SR O KD
WFE#IC advisory board IC A > TWel2Wiz, B2 L CE#OEZK T %, 1993 £
S5, HE. SRR AR FRERIRAR, SEARR. A E. 1997 SR
VE\RR, FHEHFF—, PR, ZHarE. AR,

1958 FEDRAIDERIE 68 EHLO/NMIHF-TH - e b, INFIIENREZ TH - T 1Ak
IZDWT ORI E 7))LV —TOWREE 2L, HANDOT X TOMFEE IR ZKET 5 &
IS REBISHBDEAR Uz 1998 4EICIE 197 #id. 700 HO D EW X EIC x> Tz,
REBRIHEORFME, I OKMESE. kit & Oflix ERE LB ZHbN Tz, Ml
NSO ED D & 7251200 b N T2 BB FRCELWOIC RPPP] D7z R h
720 ZTDIODBINIED TRAD—HNTHoFehd LI L ZicH LR S, #
R =S X RS D% 220 THT £ COREE AR Z 358 20 = 720 T LI E K
%o FEiz A3 FERICH Iz > THIFICR T E N it TR R AT OM BT B XU
W IE O RIS ¢ < TS %

RPPP] O UGl H OFRFETITH L7 2 U —OHlER 5Tz Uh UBE—EHERD
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WERENHEK T EHBOYI TPRIORBRICET > T, BEHXOERRDIEOERIIC OV
THZELZ, 10 ARD TLHELIDBZIFETH -T2, HFEEOEATRLATED T,
WAEDL T V) —h WA, e UTOEREDNZED LNV E WS DS > Tz, ik
M IEZE O FERHAGENHINE NB K5 ICR D, EFHEDORIES 4 Uik,

t L& & RPPPJ I RASeA: 2 Hul &9 2 @i B O B AEE E LTHHEL 57
IR EEE & > T, BNDOERIREZZEEDVIINC & LTINS 5, 4 H 7> OMAINIZE 2
WE LT, ENTORNZIED D, HICHARDIEE Z—MOARIC L TN E SN EZKS 0D
DO EDIZICDDBEZ TH o1z, MEN 40 EDOE T FRZOREIZHELWVWEDLH S,
BHETIRED T OM YRR T DO D 3 F2EIEEONMNTEH A YN, RPPPJ
B ZEHPE I D BARIC BT % @0 AU O R EER 2 sk L B E AR TH %,

FEORRR X DIEMIC, EFBROENTWHEIC X SRS S HEZGTRTH S, D
DEORENEMIEEDT A T T — 7 DRENED SN T W5, mCEORMHREE R, Bl
BIROWIZEEIC X 2 EOREE L FERDELED 10 BT OWTERSEN TN S,

RPPP] DFRAMAIB XKUY 7 F U N—FBHETE W TERFZOIRE NN S AFT ST
MRS,

Email: fukada@s5.dion.ne.jp
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ZTTCTRERIZTED, RLUTHEDRBDE DT, BE BT { OMFEED
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)\W\V&%b\ SOOIV D BRI TN TETCEBLET. N5 bk, HHEHDF

BEO—HTHBHI 2B DICEIFUITEHD XT.
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FFERHN T INTH O, WO N BRI FERICHE Uiz, 1M ERKIC, Tth
European Conference on Application of Polar Dielectrics &9 &M F = I D Liberec THifi#
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W D WFZEFE &I 1E. Naval Undersea Warfare Center @ Dr. O. R. Hughes Y8l % /R L.
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9/ 14~ 18 HIT. BEBOARBIE T, TL7 by NEBEY VRI Y LA >z, H
FHERRZON) TR RBRDOFMTH o T EEMDFICHTIE > L HEEZIFET L DHE
BREETH 5. FAMIFEKD opening lecture TREROAL LML LT, ALK ARIB{CEET
O Prestin ORFZE & FRA K AOIREFIE L HEBUR O B RS EAIC K 5 [EEROM P2 AN Lz,
Ladies Program 237&m > 72D T, TSN O/NFSFE A ERINE AICBRAW LT, T 0 #ii#= 26
L TWIRWe, NEOHRIATZERPENEATSIL TV,

INKERREO ¥ 2V 1 v & i IS B U 7z, Oakridge National Laboratory @ Dr. S. V.
Kalinin 2V i3 O JE B IG B BEMBIC X 28 L WFHE RIS DWW TH#E L /z, & 7z University of
Potsdam @ Prof. Gerhard A% LW HERE & 77 7 OREEHT DWW TRl L 72,

O 0

http://fukadae.g2 xrea.com/ISE13.html

7 A 30 HiZ, FRKDAF ZKRMEMN S, [HF XEEMRE B I - — KifFEh.
WEFHME AL —FEICHIE LTz, B2 ORE, Royal Millitary College @ Prof. G. Akhras & 1D

éb‘LC&OfCo

2008 4 10 A 23 ~ 24 HI< Montreal C Prof. Akhras A9 % International Workshop on
Smart Materials and Structures ICZN U TWIEHELZ T 5 LicE>Tee HESAMNELLK
AR R EEMEHCHRE T 5 & EPPRICRD &V S IFRIC DV TRAD T2 L.
RESADNKRAR—FELZITS T N TE, ba Y MEEDHEOFETE Workshop IS4 L 7z,
Akhras SEEDE D KUC7R > T, T ORI DWW TIMARERF & Royal Millitary College D3 [RIffFE
ZRESHE, T2 RMSHIimA % T &k o7,

Sensor Technology Ltd @ Dr. S. E. Prasad & C OWfFHICElIkAE & 5, %I PZT ikl 22 L T
Wiz iz, Collingwood DEHD RO =IC, 1L & 1S, Grayhound D/NATH I 3

M7z T8 LTz Prasad T ADKBENMEET 22540 Tholzce AV FRAZVFTHEHEIL T
Wizizniz,

http://fukadae.g2 xrea.com/Montreal.html
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2009 &

2009 4F 3 H 23 HIZ. Salt Lake City T [ 417z American Chemical Society, Division of
Polymeric Materials O > > R ¥ LT N 7z, NASA Langley Research Center @ Dr. Cheol
Park 7 5 DAFFTH > 7z K 1 HFIZ ERHiH 5. Dr. Park OfffJ& 9 % University of Virginia O
PhD D% C. Lovell & X —)L TORFRMHN Tz, Lovell & ADWFHEIE, SRITESD
@ Polybenzyl-L-Glutamate (PBLG) i< Carbon Nanotube i U CIEEEDOZE(LZ RS & T
Holz,

PBLG DFRADGi X Z2 i ATE lovell & A&, GAEIOIED 7P HEEROAE Tit7A E2EMUTE
T, BENSH Tz - Tz AT E 7o PhD O XA K B o 7RIS, S0 Park & A
[l U AR REOBRCHHFZ LT NIDTH D, ROERTH DT, I EENZRDOE
YO RET ShkiizT o 72,

Salt Lake City IC &, WAWAERWHNDH %, 1974, 7 I )V S IeEY @, Salt
Lake City ICd % University of Utah @ Prof. P. Gibbs Z #1172z, Gibbs JeEM 5, T DO KZEITHK
R EFEDNTD, e ERE ARSI O FALMZE BIC R 2 ATHEME IR B - 72 D THGEDIRFAD
T&hah-o fCo

http://fukadae.g2 xrea.com/saltlake.html

Toronto Senior Net (TSN) &WH A VX —3w bDFxy 8T —UhdH%5, NHKh S HRE N
o TR—LR=YDIEDJi] EWVHAROPT, by ORBEARRTEAMNTIN ZEHL TS
TEexEM-ol, TENDBARE AR, THLAFY ZNORZAE LT 40 HOMRiKZE —FEIC
LTeRNTH Tz AT ZAEFEDOHRAD TR E 72 o THARICES AR, JEESDKEN T HA
NEBEMEZ T =)V TH %, fITEH, BAEREELZ EZAMICRIETE T, TOBREDHEND
H5R->TLBEVHI VAT LTHS, FMIBET IWNLZR—LX—=VDBICLTHRETS L
U T WV,

TSN ® FhF T, California ICFETHAM LT A LMD BGWVITE > Tzo ANV EZDIRIE,
SanFrancisco IC& % C & Z2H > Tl E AL, ZORICT AU A TD TSN DX 7 &7 T
IR EI NIz, %7 Golden Gate lSLWWY 1) — RDEOHEDOL A ™ F 2T, Idaho 5
Kohiz=—)bt b1 E A, Sacramento M SR SENTZIEAE S A LHHEANEE > TL
EoM, B O ERD 8T KDHEATH oz, ENBHTEDTERVETTH -T2,

Ohy30]

http://fukadae.g2 xrea.com/sanfoff.html
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8 A 21 HIZ. /1 & ® ottawa T Active Noise Control D [HFE A H 0 HiJEE U7z, Gorgia
Institute of Technology @ Prof. Cunefare 027 )L—"7"h 5 DffFERENH O, BMEARMEEE L
THEES ADREIFARE Nz, THROWIEZICINL DIEHEPA S RD =D I N L TH B,

2010 &

2010EFD 3 H, 74T Y RO Dr. Tofail ®» KEMHYIIC, “EHOBHREZL TN
Teo WeF 2075 F B 72IC, Treland 3 D A{#ZIC London ICHHAEY % C &1 L 7z. South
Kengsington @ HolidayInn IC 57 L. A L 5 D I Imperial College D J& © %2\ 7z, #]8 T
Albert Hall 047 =7V 7ICA> TRBERE Uiz, MMM TH 57z, Victoria DEH FELT
Wz 78— MR THTz, MBI L EZ£ D59 AT Bed and Breakhast D#E/RDH T
7zo 50 ELL BRIV TV B DICEW =,

Bl

http://fukadae.g2 xrea.com/ImpColl.html

of0) [=] pr

http://fukadae.g2.xrea.com/London3.html

3 H 4 HIZ. London 7 5. Shannon I /& UF. Kilmurry Lodge Hotel I 15 iH L 72, 6 H IC
University of Limerick @ The Materials & Surface Science Institute (MSSD T, JEEX( & BEA
HI O FE SR R B DR 2 T TV T d > 7z Dr.Tofail DRFZFEZE T, Dr. Gandhi A3 N9
W2l > T, NA FaAF 7 R2A FDOEBBDOHEZHAA TV, HONEEMIICH S
Prestin DJEEMEICDWT, AEP2#E D Dr.Soulimane &1 - T, i LTzo HEOE D 7K
THBHM. HRNDIOHDHGEAELH BT S TH 5,

http://fukadae.g2 xrea.com/limerick.html .r

http://fukadae.g2 xrea.com/CliffsMoher.html

I# & O London I D . TSN THEFICHE R L THE 5N % Lauber I ADBEEG LTz,
Winbledon D /5 DIFEHICH B IEDIENEBWBETH >, TEADHD ThiZIRS > T X
Za—fOF 4 F—=EHFELTLEE >z, Kol AL ADNTRKEBREIPDVAS>TES
Nz,

5H30 HIC7IVAT ¢« 7Hir 8T, BhOXRGEOYREERD NIz, INKEEF ORI INE X A
MHONC > THETZ LW ieleniz, 25 NBDIMEE > TV ieleE, KEGTNHRKTH > Tz,
F MRS ADOKRE R CE N TREOHERICHR LIS R TREEIED , BREDLIE
EE> TRV,

159



http://fukadae.g2.xrea.com/beiju.html

2011 &

3 A 5 HIC HARAAR B LY FE 2 O E DR ERE R O I M KBER O 34 TH
Tz, Z OFHIGERIC, Ireland @ Dr.Tofail ZHAFRF T ER W EEZ T, WML GREEE
BB ERAEICHR L TR AR THREIZHEZDERZ E S WS TERETH - 2,
P2 ORI AT B OEAFB AR L2 6. FIFRCBHEREG T 25560 E L
TWe2WT, REE#EN 5Tz, Tofail & Ald, B &/IMABRIFO ¥ 2V Y1 > L AR AU SE
T3 E, NA FaAF 73214 FOEBLEOHFHEZIT-> T2,

BHI11H WHAKREN, ARARETEELRND D @R ERADETIRD T Z » b k—
LTROMABHRZR > T2 EJICHED RS Tz, EBHIZIEFX72OT, 2RO TR —
DINCHTHEXTRS T LN TE T,

8 H 27 ~ 31 H I France ® Montpellier T 14th International Symposium on Electrets %
Prof. Henn HBfi L7z, Prof. Bauer D FADY 1957 £EICHE LB DIEMOEBED TS 7 %
SIALT, EREEROEENZIBRXSENTzDIEEE LA > 7z, Prof. Lang A’ Tofail T A & /1L
T. Si M - CHB L 72 hydroxyapatite TR E REER L EBRONEICHII LTz, HEER
PRRERAD I MERBE PR RIS A S HAP DI Z SN,

http://fukadae.g2 xrea.com/mont1.html

http://fukadae.g2.xrea.com/mont2.html

10 H 2-4 H. Montreal T Cansmart Conference &% - 7z, EEME PZT L &SR D
HEWISe % RMC & OFEFEIIIFEE UT, PEF K LTz, Prof. Akhras DRNT, R EFBREA
Lt & &1, Kingston 0 Royal Military College 7 RH2% L 7z,

2012 5

3 A 17 ~ 19 HIC Soft Tinterface Mini-symposium on Biomaterials Science in Tsukuba 7 $i
RAEDRR=RFEDTFMHE NI, BERZFAZTAEKET VAT VOREERD L2, EiA
LTV ERZRATOT, HIFEHICHE > TSR E ol llzimd i e Lib, Hik
CADHETIREDOIRMBELENZIR, FREW DTN EHME NIz, 0 REBFZS
. BHEADUSLKDENTK S THoTe, HEAL S EDOWIZEDRELZBNT, ROFEE
FEFEHRM 1000pC/N ICEIET BT L AF VT b Lfmzib N7z, Hl2D University of Utah O
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Prof. Grainger WBIUIC & 2D T N, %A, HD OB X THIMER - o LIE#RT
B0 S ORISR IZ > Te LTI L > T2,

5H 29~ 30 HIZ., KAV Potsdam T Euro EAP International Conference &% 0., 1 2V
7 @ Pisa K*#® Dr. Carpi M bIARE#HZ KIS N T Wz, 5 ADHEN SEH T i ifiRA H
% D TEINEE CHRE IR E R E72%2 0 Tz, IVRATIZIEE &M LT, I3 0 RS EICH
Tz BTG K 2O M RAERRS IS RF 2 BV LTz, Z D220 %, University of Potsdam @
Prof. Gerhard @ 60 O AZEH S ¥V RIT LB O, BHOVOHEFEETE L TV, &)
DERE TSN ORIE AD T FAD Lauber EAUCHBEANO LT RAVEBICRLTW RV, TD
FEHIE Pisa K20 Prof. DeRossi WM L TL B & 572,

2013 &

3 A 19 HIZ London IZ& O . Queen Mary University of London T+ X F—#Ic A N7z,
WEAE (A R TRJ% L 7z EuEAPConference ORIV # 72 - 7z Dr. F. Carpi 537 % 1) 7/ 5 London
DRACEAEE NIz, BEOBYITIBRND D 7ANT Y FIAT<@BHT, BRVTEI LN
T%f:o

3H26~28HIC. 7 A4 )V F ¥ F @ University College Dublin T Electromechanics in
Biosystems Workshop A3BHfiE E 117z, F:4## D Dr. B. Rodriguez (& Dr. Tofail DAANTH O . £
OREEHZRR LT, sl Iciifs LT Mz, RERHETH - 7z, Dr. Rodriguez 1317
ISEBMBEORIRED—ANTHO, AF7—7T 2T 4 T V)IDF ) A—=Z2—LN)VTCOEEREZ
fIoTWwie, R/NORETAT—T V32 CHTIC L TREL T3 T e 2R LT

RV b+ AV D Prof. Kholkin IC K % A >~ 7'V &V HAS E OFEE N L sRiah w7 .
University of California @ Prof. Lee IC k% 7 A )L A®D DNA & 2R 7 £ ERD @ WEEME R L,
BOROH LWHECHEEE Uiz, RFICOEDNH 7D T, FETFICBLERICBIMLTE 55T, ¥
TFIRAMAEROMEZEN LT,

http://fukadae.g2.xrea.com/rodriguez.html

Denning &5 PhD D24, BEAMBEL NNV TOIAT—F Y DIEES MV v 7 ZADERE R
DHBEEICHOHA TV, TOFEA 12 H 6 H.Boston T® MRS Conference THZ L 7zh5,
HFEFEE OICELD A HTE A > TWeDIZ R TH - .

2014 &

8 HIZ. Baltimore @ International Symposium on Electrets IZ i L7z H)IIE AN S, 1A
Z I)L® Ben-Grion University @ Prof. Sydney Lang /' IEEE @ Interview {3k % WV S KIS EA
&% > 7z Institute of Electrical, Electronic Engineering (3 B4 M % TR A DFETH % H,
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History Section TEX A FHE & DEREOFEZIEL T D, o BVLENFHRVWHETH >
720

1995 41 RPPPJ IZ # W 7z Recollections of a Research Life DI D % Prof. Lang A& - T/F
ENFDT, A=)V LT ASEERZ Uiz, 12 H 1 Hh'5 6 HE T Prof Lang (3 B4 D
Lili EA & —HICA AT TV EFAHEN, EOFIROEORTIVICHIEE NIz, 12 H3HD
Rl & AFRRIC 2 9T D, REEORE L E T A g 2T o T, 12 H 4 HIdE, /MREIffO T
VY1 2T, Prof. Lang Oz BAWL, © FRFT 7 3% A FOEEMICHET % R D%
IZDOVTBRENT,

260D CD OFdgkiE, A AT TIVT Lili TAMZA T TLXFICEH L TLEE 5 D TITIER
KIEZITS T eMHikic, TeRR L REZ GO INFEETANZDOLEEEKSTDT, &
HORFEMZDEXTEIT M LVEDIC RS Tz,

12 H 13 H i &, # 5 B Il T International Colloquium on Scanning Probe Microscopy
(ICSPM22) A BfEX 41, Dublin @ Dr. Rodriguez WMAFFRBEHICSINE Nz, FAEHE LA, i
REDHHERICH B DRHDTTH > e FMADKRZDT, 12 4 15 HITIE, /IAREERFO E
IYHY O YT, 16 HIIEERFO PRS2 . Dr. Rodriguez I3 Z BV L. PFM I X %
AT =7 ik EEURM B OBE D% 2 A 5 LW TE T,

2015 &

2 HO#b i, Wi 12 A1 - 7z Lang 4’k & D250 URL 73, [EEEHistory @ Web I g
wEnie,

http://ethw.org/Oral-History:Eiichi_Fukada

2014 41 University of Limerick @ Dr. Tofile 237 1)L > FEUFMN 5. Ireland-Japan O H[A]
TR DI Uiz, BT, BRHBCREOHN T, F/ E LA E EEMIEED
DA e B DI S FIC R B N e,

Dr. Tofile i& 2015 4 6 H 8 ~ 10 HIZ Limerick T. Electrically Active Materials for Medical
Devices (EAMMD) D=z M L. HAND SFA & HFFORHE, Phk/ed, dntER R
2O MR E 2R LTz,

FAlZ Piezoelectricity and electrostimulation in bone D&z F7E L T oo KEFR R T L1,
2015 FERTHIIAFIME T L. HMTOSL 55 8MRENTOT, BEROKITIEMZ LT NG
5o tz, Fi%Z Lang SeEIC BV LAY, TEEE O Web &M LT, BWViEZ LT
felwic, TORHBONER, KE—MOAL LTHRENZDTHELAIC LTV,

162



Limerick DZ%ICB# LT, KA Y ® Rostock University @ Prof Eberhard Burkel 55 6 H 4
~ 5 Hd Materials’ Days & \9 ¥ VRV L TORBHEICHAR S Nz kit z 5z L T A,
ETFRHETIEE D D ERE SN, OO DOWIZEE OB LI+ DR T I
XoTTNMNEBILz, 6 H4HT % AR, A Y TIEANT 9 RO ASDOERICHEE L 5z
115 T MRz, BHENYID TORERTH > 7z,

6 H 6 H. —YROENEHRAMZTT, NI LAY —22RcF LTz, TOHDOMHAER
T, P NREFIE OGN E > 7z, BiRREO TAEBEIEE L A ROMEfT I 5 B
HoTeo MFEAIZ PRI CHHEHCED, NAF L ARI—ZRT, RUMBMHEHC R 721
MPLWEETH S,

9 H 23 H., WP RZETHMT, NAALAny—2ab LAny—2a0ETEMHoL 40
VRl o T, T ORI NKRRFHIE O G LN D - T WS EDERIROBER; Tt
PR DM SCRICT E N EDBET WS L2 BIED LIcDT, RO IWILEHDE
T, MSREENAF L AT —DFEEERE> THT LT,

F 7z, 1966 FEIEE R ZOPETE S T E ADBIIREED B ZRE LIz & &, 2012
1 University of Washington @ Prof. Li AWt HEINE /1 BME 2 VT, BilREED 577
ZE LT & LB Uiz, EIRED TR DB IO AN EZR ORI R DI
BRIzRIE7E 57500,

2016 &

HR ER R BIEAREEZ O 1LAGRE A SIRBL OB N L TWe2WzD T, 4
H 14 HIcHH. 28 HIC/EHDOHAWR T Z1To Tzl z, BEEROEHWVIAS S IZEISRINGE S
720

6 H 27. 28 HIC. HEHNTDT A )VT » FRMEEET, 7A)V5 > FEHARDH Y I F—,
Design and Characterization of Advanced Materials 7B/ 417z, Dr,Tofail D& L. HAMAD
Sk, BAIFERZEOHRERBIRZ . o2 F 0 VWA R OB RIS LA & Nz, Tofail &
AUFHRD Yasuna (14 5%) & Iman (7 &%) ZHNTI 5N7D T, BEEFES=BICEN LT,

9 H 6 HIC.S. A. M. Tofail & J. Bauer ffi& O Electrically Active Materials for Medical DevicesJ(
Imperial College Press) DAMD iz, 2015 4 6 HIC Limerick THRIM N2 2R DFEHDONE %
HIR LR TH > Tz FMIHFEHR T, Prof. Lang MM L T K NIZFRiXDONEN, HFEDIL T
BENfzoREL\WT ETH- T,

2017 &

1 H 25 HiZ, RERACENRT TSR DM N, REFEPED 5, BEER2 EAEEA
P DOFERT, WA OBRL RO ILFEM NG E > T, RIERD AT SN
DHID mTor {EIERDFEHRHORRCHN T, FADINE S A DG IS %A EEROMZ IR
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B ZEBROGER Uiz, TREER. VA Vo a1 )V KM EDOREZ SNz, Z0H
ETCHRERIF Y >V Z— DI RPN E D, ZEIREFOBEIEEE 2 = O TRV, B REE
BRI et SNz, BX D ETAIVT Y RO Tofail TAM S, FEBREHEADHNH S b
TR Uz,

4 H 28 HIC. BWRT DT, WEKRDIEMEAEZ RIS, Bl EHEANV=T) BH5C
EMVHIBAL 72, LSRN RIO RILAEAZMMT LT e &, 5 H 18 HicalmeEIcFiitiz LT
WIIRWe, NS, TOBRORGBRRIERTH >7c, 7 HOHIDICT A IVT ¥ ROVl 772
PEATHD. 2NN R TRIE LIED TRLZIELETH > 72, Filig0ma 37z <.
RN A1 L 7z DIERZEFEH T H - T RIERDBIRD LRI EH LTV B,

7 A 9 HOHL, FIH A 5 British Airways T London & T, % Z /A5 Air Lingus T Shannon Z##1C
9HDYHICEE LTz, 9 15 R DR T dH > 7z, Tofail & A& Bauer T AMHE T AITK T N,
Kilmurry Lodge Hotel &5 7 i & [ UATIVICIEI Uiz, BHICIE, BEBAEO TAGHI
Fek & R ERREOE AR FA AR E CR T OVICEIE ENTe, BN GHARFSIE TH - T

Frontiers in Materials Characterisation towards Industrial Translation (FRIMACHAT)
International Workshop 2017 July 11-13, University of Limerick, Limerick, Ireland Organized
by Modelling, Simulation And Innovative Characterisation (MOSAIC) Group, Bernal Institute,
University of Limerick and European Materials Characterisation Council (EMCC) &5 EW 441
DI—27 23w T ThHoTz, E UBEDORARPEDOHHEHILEEM IO N T HLOF v
SRS HRR LT ) LY 7 KREDFERZ RS D TH > T,

A DIF#E & LT, Polymer piezoelectricity : Bases and Applications DT, Bk 1
EBRRED T OEBEIZROREL L InHAZ BN, BEfPMiaD A1 4 > F v > FIVEEHD Piezo
EMBEINTZT LG Uz, LB FOWITHETH D FERO LA REBADTFETH -
720

AR Z DR THMLUTzC & T, Tofaill & AFENKEGH LT < iz, FIC Bernal Institute M
FTET& % Prof. Soulimane I IZFERI VOB Z L T W zleEE Lo Tz, B S E, 714
F ¥ VRIVBEADEBOWEZ L TEbN, HELED S R OY S F U ROREEN
36’3 TCO

3 IS, IEEE O interview D7z8IC, IMABIFHI K SNz Lang KEICE BRI T ENT

Elco BB RYPOIMALER, MRITHS > & Eif> TIHEEZ L TWIE &, RZELERD > 72,
BYE SRR O S @z L BB,

http://fukadae.g2 xrea.com/Limerick.html

[m]: L%
e
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Ireland M SlR-> T2 HIZER -7z A, HEDOREKPICKBEAR E LTHRM TV ST
st & AW, FADEER Rz & 5 5 T Limerick KEDIED T 0T 72i%>T FEof, EHET—
7 ay TOFEME TH o 7z Prof. Soulimane EFADEEZ by FIcflio T, ZBOMHENHTD
NV, KAZKMHENENSDIRTH T2, 1To TARBICEI o7z BTz,

http://www.ul.ie/research/blog/unique-international-
workshop-materials-characterisation-held-ul
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Curriculum Vitae November 15,2015

Name
Born
Office

Home

Education

1944

1956-1958

1960

Eiichi Fukada

March 28, 1922, Kokura, Japan

Kobayasi Institute of Physical Research

3-20-41 Higashi-Motomachi, Kokubunji, Tokyo, 185-0022 Japan
5-18-21-221, Nobidome, Niiza, Saitama,352-0011 Japan

E-mail: fukada@s5.dion.ne jp

Bachelor of Science, Department of Physics University of Tokyo
British Council Scholar, Department of Physics

Imperial College of Science and Technology, London, England
Doctor of Science, University of Tokyo

Academic Experience

1944-1963
1963-1980

1980-1984
198 1-present
1987-1998
1992-2002
1992-2002
2002-2013
2013-present

Research Member, Kobayasi Institute of Physical Research, Tokyo
Research Director, Biopolymer Physics Laboratory,

The Institute of Physical and Chemical Research (RIKEN), Saitama
Executive Director, RIKEN, Saitama

Emeritus Scientist, RIKEN, Saitama

Research Advisor, Institute of Super Materials, ULVAC Japan Ltd, Tsukuba
Director, Kobayasi Institute of Physical Research, Tokyo

Research consultant, Rion co. Ltd., Tokyo

Research Advisor, Kobayasi Institute of Physical Research, Tokyo
Emeritus Scientist, Kobayasi Institute of Physical Research, Tokyo

Concurrent Appointment

1961-1980
1965.8-1966.3
1974.4-9
1986.4-10

1986.11-12
1987.1-2

1988.3-6

Professor, Department of Physics, Gakushuin University, Tokyo

Visiting Professor, Department of Physics, New York University, USA.
Visiting Professor, Institute of Physics and Chemistry at Sao Carlos,
University of Sao Paulo, Brazil

Visiting Professor, Institute of Electroacoustics,

Technical University of Darmstadt, Germany

Visiting Professor, Faculty of Physics, University of Constance, Germany
Visiting Professor, Institute for Material of Electrotechnology,

Technical University of Aachen, Germany

Guest Scientist, Hal B. Wallis Research Facility, Eisenhouer
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Medical Center, Rancho Mirage, USA

Honors and Awards

1966
1970
1979
1984
1988
1989
1990
1993
1995

2015

Fellow, International Academy of Wood Science

Yamaji Natural Science Award

Achievement Prize, The Institute of Electrostatics, Japan

Scientific Achievement Award, The Society of Polymer Science, Japan
Scientific Achievement Award, Japan Society for Biomaterials
Galvani Award, International Symposium on Electrobiology, Bologna, Italy
Society Prize, The Society of Rheology, Japan

The Third Order of the Sacred Treasure, Japan

Poiseuille Gold Medal Award, International Society of Biorheology,
Big Sky, USA.

Oka Syoten Special Award, Japanese Society of Biorheology, Japan.
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International Activities

1956 (4 31) 8.19 - 1958 (B4 32) 2.10
British Council Scholar
Imperial College of Science and Technology, University of London London
A.Charlesby, R.W.B. Stephens
1963 (4 38) 8.20 - 9.23
International Congress of Rheology, Boston H.Wayland
1965( 4 40) 4.20 - 5.22
Symposium on Nondestructive Testing of Wood, Pullman Kollmann
1965( 3 40) 7.25 - 1966 (f3 41) 3.31
Visiting Professor, New York University, New York M.H. Shamos, Lavine
1967(H3 42) 5.13 - 14
US-Japan Cooperative Seminar on Microcirculation, Hiroshima Takagi, Wayland
1967(H3 42) 8.21 - 9.19
International Academy of Wood Science, Saltzburg ~ Kollmann, Morath
1968 (H3 43) 8.21-28
International Congress on Acoustics, Tokyo — Stephens
1970( 5 45) 6.7 - 6.22
US - Japan Seminar on Microcirculation, Pasadena Wayland, Sakaoku
1970(H4 45) 8.21 - 9.9
Chemeca 70 Symposium, Sydney L.Dintenfass
1971(H4 46)8.15 - 20
International Conference on Mechanical Behavior of Materials, Kyoto Baer
1972(H3 47) 8.7 - 14
International Congress of Biophysics, Moscow  (fX#¢ Prof. Kotani)
1972(#3 47) 8.20 - 9.9
International Congress of Biorheology, Lyon
1972(H3 47) 10.7 - 22
US - Japan Seminar on Polymer Solid State, Cleveland, Baer, Wada
International Symposium on Electrets, Miami
1973(H3 48) 9.3 -
A Eisenberg, RIKEN
1973(H3 48) 9.17 - 10.3
New York Academy of Sciences, New York  Akutsu
1974(H3 49) 4.1 - 9.27
Visiting Professor, Sao Paulo University, Sao Carlos ~ S. Mascarhenhas
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1974(H4 49) 7.26 -31
International Symposium on Macromolecules, Rio de Janeiro
1975(H4 50) 4.13 - 4.22
Workshop on Piezoelectric Polymers, NBS,Washington Broadhurst
1975(H4 50) 4.28 - 5.2
US-Japan Seminar on Hemorheology and Thrombosis, Kobe Okamoto, Copley
1975(H4 50) 5.7
Symposium on Biorheology, Riken
1976(H351) 9.5-11
International Congress of Hematology, Kyoto
1976(H4 51) 9.13
Riken Symposium, Gakushi Kaikan, Tokyo
1977(H4 52) 2.11 - 23
Tour to Beijing and Shanghai Inokuchi, Mikawa
1977(H4 52) 6.6 - 7.7
Stockholm, Swansea ( J.Watson), London ( Stephens), Kaiserslautern (Hartert)
1977(H4 52) 6.28 - 7.4
Ultrasonics International 77, Brighton
1978(H4 53) 3.10 - 4.7
American Chemical Society, Anaheim Broadhurst
IBM Research Laboratory, San Jose Yoon
Stanford University, San Jose Frank
AAMI Saha
1978(H4 53)8.27-9.1
International Congress of Biorheology, LaJolla  Fung
1978(H4 53) 9.18 - 20
Conference on Electric and Magnetic Control of Musculoskeletal Growth and Repair,
Philadelphia Brighton, Pollack
1978(H4 53) 10.1-20
S.Mascarhenhas RIKEN
1978(H4 53)10.9 - 12
International Workshop on Electric Charges in Dielectrics, Kyoto Wada
1978( M4 53)10.16
Riken Symposium, Electrical Properties of Polymers DasGupta, Bhatnager, Turnhout,
Sessler, Carr, Lacabanne, Campos, Micheron, Malmkvist,Capelletti
1978(H4 53)10.19
Fifth Meeting of Japanese Committee of Electrical Enhancement of Bone Healing,
SICOT, Kyoto Yasuda, Paterson, Brighton, Weigert, Watson, Pilla
1979(H4 54) 4.2- 11
American Chemical Society/Chemical Society Japan, Honolulu,Kona
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1979(/3 54) 9.23 - 10.19
Mechanism of Growth Control, Syracuse ~ R.O.Becker
Bell (Furukawa), Evanston (Ueda), Houston (Kaibara)
1980( /3 55)10.4 - 19
Japan-Brazil Symposium on Science and Technology, Rio de Janeiro, Sao Carlos
1980(fA 55) 10.20 - 22
Japan - Korea Symposium on Polymer Science and Technology, Kyoto
1980( #4 55) 11.30 - 12.13 Philadelphia (Brighton, Pollack, and Harren, Broomfield), Honolulu
12.1 - 10 Visiting Professor, University of Pennsylvania, BRAGS foundation
1981(HA4 56) 7.27 - 8.1
Fifth International Congress of Biorheology, Tokyo (President)
1981(HA 56) 8.16 - 24
IUPAC meeting, Vancouver
1981(H356) 11.9 -11
First Meeting of Bioelectrical Repair and Growth Society, Philadelphia
1982(H3 57) 5.7 -15
China - Japan - USA Conference in Biomechanics, Wuhan
1983(HA 58) 6.18 - 25
International Symposium on Piezoelectricity in Biomaterials and Biomechanical
Devices, Pisa, DeRossi  Brussels (Hinsenkamp)
1983(H4 58) 8.18 - 31
Fifth International Congress of Biorheology, Baden-Baden
Goteborg (P.IBranemark), Paris(Thomson, AirLiquid)
1984(f4 59) 9.9 - 23
Biotech 84 Tour (Sasabe) Washington, Philadelphia, Boston, Salt Lake, Santa Barbara,
Los Angeles
1984(H159) 11.6 - 8
Fourth Meeting of BRAGS, Yasuda Memorial Symposium, Kyoto
1985(f1 60) 3.16 - 4.11
American Physical Society (3.25-29), Baltimore (Liboff)
Stanford, New York, Philadelphia, Baltimore, St Paul, Shreveport, LosAngeles
1985(H1 60) 8.12 - 16
Sixth International Meeting of Ferroelectricity, Kobe
1985(H4 60) 8.31 -9.15
Fifth International Symposium on Electrets(9.4-6), Heidelberg (G.M. Sessler)
Paris, Darmstadt, Gottingen, Amsterdam, Chester (Yagi)
1985(f4 60)10.12-11.5
Fifth BRAGS(10.14-16), Boston
Pennwalt (10.23,25,28,seminar), King of Prusia
Bell, New York, Philadelphia, Michigan (Yang, Avery, Hanks)
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1986(HH 61) 3.30 - 9.30
Visiting Professor, Technical University of Darmstadt (G.M.Sessler)
1986(H161) 7.21 - 23
Biologically Engineered Polymers, Cambridge
1986(H161) 10.1 - 12.31
Visiting Professor, University of Constance ( Dransfeld)
1987(H362) 1.1 - 2.17
Visiting Professor, Technical University of Aachen, Aachen ( Arlt)
1987(H4 62) 9.28 -10.2
Japan-USA-China Joint Symposium on Biomechanics, Osaka
1988(H4 63) 3.15-6.9
Guest Scientist, Eisenhower Medical Center, Rancho Mirage, Calif. ( Liepsch)
1988( 14 63) 8.26 - 9.7
International Symposium on Applied Ferroelectricity (8.29-9.1), Zurich
Sixth International Symposium on Electrets (9.1-9.3), Oxford DasGupta
Konstanz (Dransfeld)
1989(F 1) 4.12 - 26
Symposium: Electrobiology Today to honour Luigi Galvani, Bolognia, (Galvani Award)
Pisa, Genoa , Milano
1989(F1)6.17-7.2
International Society of Biorheology, Nancy
Biofluid Mechanics, Munchen Liepsch
Darmstadt (Sessler)
1990(F2) 6.19 - 25
Tonji University
Shanghai Institute of Organic Chemistry, Academia Sinica, (J.J.Wen)
1990(°F-2) 8.19-9.6
International Congress of Biophysics, Vancouver
First World Congress of Biomechanics, LaJolla  Fung
Vancouver, Seattle, Pasadena, LosAngeles
1991(°F3) 8.24 -9.7
Third USA-China-Japan Conference of Biomechanics, Atlanta
World Congress of Microcirculation,Louisville
Electronics Technology & Device Laboratory, New York (Jow) Copley
1991(°F3) 9.22 - 10.6
Seventh International Symposium on Electrets, Berlin , G. Multhaupt
Sessler, Arlt, Dransfeld
1991(°F3) 11.17 - 25
University of Bordeau and University of Toulouse, Tsukuba Research Consortium Tour,
Kawamoto
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1992(°1-4) 83-8
Eighth International Congress of Biorheology , Yokohama (Honorary Chairman)
1992(°f-4)9.1-9.12
McMaster University, Hamilton, (P.S.Nicholson) Toronto, San Francisco
1993(*f~ 5) 7.22 - 10.1 Hamilton
1993.7.22 Permanent visa in Canada
1993(°f- 5) 8.8 -15
Ferroelectrics meeting, Geithersburg DeReggi, Broadhurst, Kobayashi
1993(°F-5) 12.21 - 1994(*1- 6) 2.25 Hamilton
1994(°f 6) 4.12 -5.21 Hamilton
1994(°F-6) 8.6 - 8.9
International Symposium on Applied Ferroelectrics, Penn State, State College
Brown, Bauer
1994(* 6) 6.28 - 9.22 Hamilton, Dundas
1994(°F-6) 9.5- 16
Fighth International Symposium on Electrets, Paris, Lewiner
Workshop on Ferroelectric Polymers, Saint-Louis, Bauer
1994(°f-6) 126 - 11
International Conference on Biomechanical Engineering, Singapore

1994(°F 6) 12.19 - 1995(°F¢ 7) 323 Dundas
1995(*F 7) 4.5 -6.1 Dundas

1995(*f 7) 6.28 - 9.13 Dundas

1995(°F 7) 7.23 - 28

International Congress on Biorheology, Big Sky ,Cokelet (Poiseuille Medal)
1995(°F-7) 10.15 - 1996 (1~ 8) 2.29 Dundas
1996. 2.10 Tomoko
1995(°f-7) 10.17 - 19
Symposium on Piezoelectric Polymers, Sandia, K-Tech, Alburquerque
1996(°F 8) 4.16 - 5.9  Dundas
1996(°F 8) 7.29 -9.21 Dundas
1996(°F-8) 9.24 - 10.1
Nineth International Symposium on Electrets, Shanghai Xia
1996( - 8) 12.22 - 1997(*F-9) 2.4 Dundas
1997(*F 9) 4.17 - 5.15 Dundas
1997(°F9) 8.25 - 27
Ultrasonics Symposium, Yokohama
1997(*9) 10.5-11.5 Dundas
IEEE Ultrasonics, Toronto (10.6-8)
Lake Louise Conference (10.12-10.17)
1997(°F-9) 12.23 - 1998(*F- 10) 1.15 Dundas
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1998.1,11
permanent visa of Canada ended
1998(°F-10) 8.3-8
World Congress on Biomechanics, Sapporo Hayashi
1998( - 10) 106 -8
IEEE Ultrasonics, Sendai Chubachi
1999(°F 11) 1.5-15 Dundas
1999(*F 11) 9.20 - 29
Tenth International Symposium on Electrets, Delphi, Athens A.Konsta
2001(f~ 13) 5.7 - 5.12 New Zealand
2001(*f* 13) 10.27 - 12.6  Dundas
Yoko PhD (11.9)
Lake Louise Conference (10.28-11.3)
2001(°f-13) 11.24-12.2
Boston, Philadelphia
Electroactive Polymers Symposium, Boston (11.26-28) Zhang
2002(F- 14) 9.28 - 10.7 Melbourne
International Symposium on Electrets, Melbourne (10.1 - 4)  Yazaki
2003 (°F 15) 2.11 - 21 Dundas Jim Smith
2004 (°F- 16) 8.21 -9.12
Internoise 2004 , Prague (8.22-25)
Seventh European Conference on Application of Polar Dielectrics, Liberec, Czech
(9.5-9)Mokry
2005 (*F17) 9.5-9.26  Dundas
Intrenational Symposium on Electrets, Salvador, Brazil (9.11 -15) Giacometti
12.26 Mate Niiza-Shiki
2006 (1~ 18) 7-8
Limerick Tofail cancel
2007 (°F-19) 1.15-28
Keio Hospital operation
2007(°F-19)8. 22
Yoko, Hiroki Canada Immigration
2008 (°F-29) 9.14-9.18
Thirteenth International Symposium on Electrets, Tokyo, Takeo Furukawa, Kalinin
2008 (°f-20) 10.20-11.5.
Cansmart 2008, International Workshop Smart Materials and Structures, Montreal
(10.23-24) G. Akhras,
10.25-11.5 Toronto E.Prasad
2009( - 21) 3.20-31.
American Chemical Society, Division of Polymeric Materials: Science and Engineering
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Salt Lake City, USA C. Park C. Lovell
TSN San Francisco N. Urata
2009(°F 21) 8.18 - 8.30. Otawa Toronto
8.20 - 8.22. Active Noise Control
2010(°F-22) 3.31 - 4.15. London England Limerick Ireland
4.4 -4.10. MSSI, University of Limerick S. Tofail Soulimane,
2011 (*-23) 8.22-9.4 Paris
International Symposium on Electrets Montpellier Henn, Lang, Bauer
10.31 - 11.12 Cansmart Conference Montreal, Kingston , Toronto
Royal Military College Kingston G.Akhras
2012 (*F-24) 3.17-19
International Mini-Symposium on Soft Interface, Tsukuba Nagasaki
2012 (°F-24) 5.29-30
Euro EAP International Conference, Potsdam read by Y. tajitsu
5.31
Symposium honouring the 60th birthday of Prof. Dr. Reimund Gerhard
read by Danilo DeRossi (Pisa)
2013 (°F-25) 3.17-4.2
London Dublin
3.19 Seminar, Queen Mary University of London F. Carpi
3. 27 - 28 Electromechanics in Biosystems University College Dublin B.Rodriguez,
Tofail, Lee
2014 (°F26) 12.3
IEEE Interview Kobayasi Institute of Physical Research, Tokyo S.Lang
2015 (*F- 27) 6.4-5
Materials’ Days, Rostock, Germany Eberhard Burkel
2015(°F27) 6.8-10
Electrically Active Materials for Medical Devices University of Limerick
Limerck, Ireland S.Tofail
read by S. Lang
2017(°*F29) 7.11-13
Frontiers in Materials Characterisation towards Industrial Translation. International
Workshop. Limerick, Ireland T.Soulimane S.Tofail
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Recollections of a Research Life

Eiichi Fukada

Kobayasi Institute of Physical Research
Kokubunji, Tokyo 185, Japan
and
Institute for Super Materials, ULVAC
Tokodai, Tsukuba 300-26, Japan

1. Rochelle Salt Crystals

In 1944, T was a student in the Department of Physics, the University of Tokyo.
The previous year, Professor Seiji Kaya came from the Hokkaido University to the
Department and I entered his laboratory for my graduation work. At his weekly
seminar, I read the book "Ferromagnetism" by Bekker and Doring. Professor Kaya
suggested 1 study the thermoelectromotive force in superalloys for experimental
work. I made a furnace of nichrome wires on an asbestos tube and showed it to him
He said, "It looks as if it will work, but you must measure the temperature
distribution inside.” I made the measurement. That was all I did for graduation work.

In those days students in universities and high schools were sent to factories and
institutes to work on war production. I attended a lecture on acoustics by Professor
Koji Sato, the Director of the Kobayasi Institute of Physical Research. Research and
production in support of the army was being carried out at that establishment. He
arranged [ go to the Kobayasi Institute.

My work at the Kobayasi Institute involved growth of Rochelle-salt crystals on
production scale. A small seed crystal of few mm size was placed at the center of
two parallel glass plates. It was then immersed in a saturated solution of Rochelle
salt in a glass vessel maintained at controlled temperatures in a large thermostat. A
plate-shaped single crystal of Rochelle salt of few cm size grew as the solution very
slowly cooled.

The crystal was then cut to suitable size, electroded and coated against moisture.
Several such pieces were bonded together and finally an electromechanical sensing
element of about 1 cubic cm volume was obtained. This unit exhibited the highest
piezoelectric activity achieved at that time. These elements were installed in
hydrophones to detect the underwater sounds generated by submarines.

This was my first encounter with piezoelectric materials. On graduation, I entered
the Kobayasi Institute as a Research Assistant. Dr Heiji Kawai was head of the
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laboratory. He was investigating the effect of deliquescence and efflorescence on the
dielectric properties of Rochelle salt crystals. He was responsible for research on and
applications of Rochelle salt crystals, which, after the end of war, had become a
major component of acoustic devices, such as microphones and gramophone pickups
These were produced by the Rion Co., which had been founded by and were
affiliated with the Kobayasi Institute of Physical Research.

2. The Viscoelasticity of Wood

Acoustics is one of the most important research fields at the Kobayasi Institute of
Physical Research. The quality of musical instruments, such as the violin and the
pianoforte, is largely determined by the acoustic properties of wood. I started the
study of the dynamic viscoelasticity of wood in Dr. Kawai's laboratory. Mr. Akiyama,
later to become an Executive Director of the Rion Co., gave me different kinds of
wood to investigate including needle-leaf and broadleaf trees.

I carried out extensive measurements of the elastic constant and damping
coefficient of wood over the acoustic frequency range using the bending resonant
vibration of long plates. I reached the conclusion that high elastic constant and low
damping capacity are the important criteria for the sound board of a piano. Although
this seems a common sense, [ was happy te have my report accepted by Nature ".

In those days, ProfJiro Kohara of Kyoto University, later of Chiba University,
who became famous for his work on human engineering, was studying the
mechanical properties of old timber, collected from the temples of Nara and Kyoto. I
had the good fortune to work on old samples of Japanese cypress he supplied to me

Japanese cypress (Hinoki) is the wood most commonly used for the historical
temples of Japan. The oldest sample I tested was in Horyuji, built approximately
1300 years ago. Most samples obtained from the temples of Kyoto were about 300
years old. Newer samples were recently obtained from the Kiso mountains.

We found that the elastic constant of old wood increases with age exhibiting a
maximum at ~ 300 years. Thereon it gradually decreases to a minimum value after
~1300 years. X-ray diffraction studies showed that the degree of crystallinity of old
wood increases for ~ 300 years, then decreases to ~ 1300 years. At this point the
sample is almost 100% amorphous. The variation of piezoelectric constant with age
was similar to the elastic constant. Since both are proportional to the degree of
crystallinity, the results were in good agreement. In the natural environment, the
crystallization of cellulose takes place slowly at room temperature. The thermal
degradation of cellulose slowly takes place at the same time, both transformation

involving a time scale of 100 years ?.
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The viscoelasticity of wood aroused in me an interest in the linear viscoelasticity
of polymers. I was very fortunate. Dr Syoten Oka, the head of the Polymer Physics
Laboratory of the Kobayasi Institute gave me guidance. From his manuscripts I
learned the theories and experiments on the dielectric properties of polymers. He
kindly lent me these and later published them as "The Theory of Dielectrics”
(Iwanami Book Co: 1954).

Dr Shigeo Iwayanagi was starting to study mechanical relaxation of synthetic
polymers, such as polymethylmethacrylate at the Institute of Physical and Chemical
Research (RIKEN) in Tokyo. His discovery of secondary relaxation due to the
rotation of side chains was very attractive as was his general theory on linear
viscoelasticity. I conducted experiments on polymethylmethacrylate trying to
correlate dynamic viscoelastic properties with static behavior of creep and stress
relaxation.

Prominent polymer physicists gathered for a seminar at the laboratory of
Dr.Iwayanagi. Present were Prof.Yasaku Wada of the University of Tokyo,
Prof Eiichi Wada of Nihon University, Dr Hideo Hideshima, later a Professor of
Hokkaido University, and Dr.Koji Okano, later a Professor at the University of
Tokyo. The laboratory was the center of polymer physics research in those days.

Dr.Oka started his theoretical work on polymer physics at that time. In his
laboratory were brilliant theoretical physicists, the late Dr.Akiya Ohkawa, later a
Professor at Gakushuin University, Dr. Nobuhiko Saito, later a Professor at Waseda
University, Dr. Yuzo lkeda, later Director of the Kanebo Research Laboratory, and
Dr.Osamu Nakada later at the Hitachi Central Research Laboratory. Prof. Motoyosi
Sugita of Hitotubashi University and Dr.Isao Oshida, later a Professor at Sophia
University and other physicists from different Universities and Institutes in Tokyo
were also present at this seminar.

3. The Piezoelectricity of Wood

One day in 1953, Dr.Kawai told me, "I have heard that there is a report by
Russian scientists on the piezoelectric effect in wood. Would you like to test if it is
true or not". I had never heard that polymeric materials exhibited any piezoelectric
effect. Piezoelectricity is an inherent property to crystals. Polymers, like amorphous
rubber, should not exhibit piezoelectric effects. However, cellulose, the main
constituent of wood, is known to be crystalline, My curiosity thus excited, I decided
to investigate piezoelectric effects in wood.

My first problem was to produce electric charge in wood. I cut a number of
small cube samples at different orientations to the wood grain and placed silver foil
as electrodes on the various faces. I connected a pair of opposing electrodes to a
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galvanometer. I applied pressure to the sample by a lever and tried to detect
deflection of the galvanometer mirror. After many attempts and failures, 1 found the
mirror moved in one direction when the sample was pressed and the mirror moved
in the opposite direction on pressure removal. This only happened when I applied
the pressure 45° to the grain. Current flowed perpendicular to the plane of pressure,
leading to the conclusion that a shear with respect to the grain direction induced
polarization perpendicular to the plane of stress.

The charge produced by the pressure was very small. Current might be produced
by frictional charge or contact potential. If the effect is to be true, thermodynamics
require the inverse-piezoelectric-effect, that is, if an electric field is applied to wood,
then mechanical strain should be generated therein. 1 decided to explore the
mverse- piezoelectric-effect in wood.

I set up an interferometry microscope apparatus to measure the deformation of
wood under high electric fields. I observed no inverse-effect because the wood
brokedown before the deformation was large enough to be observed.

Dr.Kawai advised me that a dynamic measurement would be more sensitive than
a static one. So I clamped a sample in a metal frame with a Rochelle salt element as
used for hydrophones. On application of an ac voltage between the electrodes of the
wood sample, I detected an output from the Rochelle salt proportional to the
alternating deformation of wood. The sensitivity of Rochelle salt was very high as
also was the ac gain of the vacuum tube amplifier utilized. The mechanical resonance
of the clamped system gave a further increase of output signal.

The piezoelectric constant calculated from the inverse-effect agreed well with
that from the direct effect. I became convinced that wood has a piezoelectric effect,
which originates from the cellulose crystals as well as the wood structure. The
cellulose fibers orient uniaxially in the grain direction. They have triclinic symmetry
and eight components in the piezoelectric constant matrix are finite. In a nonpolar
uniaxially symmetric structure such as wood, only two components of the matrix
should be present, the shear piezoelectric constants, -d,, = d,,,. Experimental results
agreed with theoretical predictions *.

The magnitude of the shear piezoelectric constant of dry wood is d, ~-0.1 pC/N,
i.e.: one twentieth the constant for a quartz crystal. It is, however, remarkable that a
property similar to that of quartz is present in wood. The piezoelectric effect should
occur thus in any substance containing cellulose fiber.

Meanwhile, the Forest Products Research Establishment in England reported that
the piezoelectric effect could not be detected in wood. Naturally there was suspicion
of this entirely unknown phenomenon.
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In 1961 there appeared a book, translated from Russian, "Piezoelectric
Properties of Wood" * by V.ABazhenov, whose original work with
V.P Konstantinova was referred to in Chemical Abstracts in 1950, This book
summarizes the work on the piezoelectricity of wood carried out in Russia. [ learned
that Professor A.V.Schubnikov, an eminent crystallographer at the Academy of
Sciences of USSR, had developed a theory for the piezoelectricity of textures with
uniaxial symmetries and had predicted the occurrence of piezoelectricity in wood.

In 1965, I was invited to talk at the Second Symposium on the Nondestructive
Testing of Wood, held at Washington State University, Pullman. There 1 learned
that Dr.W.L Galligan had used the piezoelectric signal to determine the strength of
wood. He gave an impulsive shock to the end of a [umber sample and detected the
piezoelectric signal produced at a fixed distance. The sound velocity in the lumber
was easily measured, correlated with the elastic modulus and thus with the
mechanical strength.

I presented a review of my work for the previous ten years. I reviewed the
piezoelectric effect in wood and other crystalline polymers. 1 dealt with the direct
and inverse effects, the influence of measurement frequency, temperature and
chemical modification of the cellulose. After the lecture, Prof.F Kolimann of the
University of Miinchen told me, "Your talk has convinced me that wood has
piezoelectric properties". That was indeed praise from the most distinguished wood
physicist in the world! Later, he added a section on piezoelectricity to his book on
Wood Science.

In 1966 Prof Kollmann founded an International Academy of Wood Science
(IAWS), and invited me to give a lecture on the piezoelectricity of wood at the
Society's first symposium at Salzburg. I will never forget the lecture hall of the
Mozart Music School with its park full of beautiful flowers. I was elevated to a
Founding Member of IAWS. This was indeed a great honour and encouraged my
research ¥,

The piezoelectric properties of wood have since been studied in detail by
Dr.Nobuyuki Hirai, later a Professor at Shizuoka University and Dr.Hideatsu Maeda
of the National Institute for Materials and Chemical Research, Tsukuba.

4. The Piezoelectricity of Bone

In 1956, Dr. Iwao Yasuda, Associate Professor of Orthopedics, Kyoto
Prefectural Medical University visited me at the Kobayasi Institute of Physical
Research. He said, "I have read your paper on the piezoelectricity of wood published
in the Journal of the Physical Society of Japan. I have been observing the electric
potential developed in bone on deformation by mechanical force. Would you like to
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join me and study the piezoelectric effect in bone?" That was one of the most
important encounters of my life. He later became a world pioneer of the electrical
healing of bone fractures as well discovering of stress-generated electricity in bone.

The study of piezoelectricity in wood assured me that all biopolymers with a
uniaxially-oriented structure will possess piezoelectric properties. Wood and bone
have a mechanically similar structure. From a macroscopic viewpoint, wood consists
of oriented cellulose crystals and bone consists of oriented collagen crystals. These
materials support mechanical stress in plants and animals, respectively.

1 commenced to measure piezoelectric effects in bones from cow and man. I
confirmed both direct and inverse shear piezoelectric effects in cubic samples, cut
from dried femur. The polarization generated in the direct effect was linear with the
applied stress and the strain produced in the inverse effect was linear with the
applied electric field. The effects were similar to those in wood. The piezoelectric
constant for dry bone is d,, = -0.2 pC/N, about twice that for dry wood. I confirmed
the anisotropy of the effect and derived the matrix of the piezoelectric tensor for
bone®.

Dr.Goto of the laboratory of Dr.Yasuda came to work with me and carried out
measurements of piezoelectric effects in tendons. Bone consists of collagen and
hydroxyapatite. Crystallographic symmetry suggests that collagen crystals may be
piezoelectric but hydroxyapatite not so. Tendon consists of ~100% oriented collagen
fibers. 1t was anticipated that tendon would show a large piezoelectric effect. The
shear piezoelectric constant cbserved was d,, = -2.0 pC/N, i.e.; ten times that of
bone. The piezoelectric constant of a quartz crystal, for example, is d,, = 2.2 pC/N.
It was wonderful that a dried tendon had a piezoelectric constant the same
magnitude as quartz! 7,

In his original experiments, Dr.Yasuda applied a shock or static pressure to the
end of a femur clamped in cantilever mode and measured the potential generated at
the surface. This is usually termed the bending piezoelectricity and the degree of
polarization is proportional to the derivative of the stress. Quantitative bending
piezoelectric constants for bone were reported in 1974 by Prof W.S. Williams and
Dr L Bregar of the University of Illinois, Urbana-Champaign®.

In those days, the piezoelectric effects im wood and bone were new. I wished to
develop an easy demonstration of these effects. 1 substituted a bone or tendon
element for the Rochelle salt crystal element in a commercial gramophone pickup
and played record successfully. I was happy with this simple demonstration.

During the experiments on tendon, tensile piezoelectricity was also detected in
bone and tendon. When pressure was applied parallel or perpendicular to the
collagen axis, electrical polarization was observed in the direction of orientation. The
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magnitudes of the piezoelectric constants d,, and d,, were, however, two orders of
magnitude smaller than d,,.

In 1966, Prof.S.B.Lang, currently of Ben Gurion University of the Negev,
measured pyroelectric effects in bone and tendon. He showed later the effects may
be secondary ones due to the piezoelectric effect .

Later, Dr.H.Athenstaedt of University of Aachen, Julich conducted extensive
work on pyroelectricity and piezoelectricity in vertebrate skeletons. His results
suggest that a polar orientation of the constituent biopolymers exists in most
biological systems '*.

5. Radiation Effects on Polymers

At the beginning of the 1950, the peaceful use of atomic energy was a hot topic.
Dr.A Charlesby at the Atomic Energy Establishment, Harwell, England started work
on the crosslinkage and degradation of polymers on high energy irradiation. I was
bold enough to write him a letter with no introduction and he courteously sent me
samples of polyethylene rods, exposed to radiation in the atomic pile at Harwell.

I measured the dynamic elastic constants for these irradiated polyethylene samples.
The elastic constant decreased with increasing radiation dose, approaching a
rubber-like state. It subsequently increased to become glass-like. Strong radiation
introduced crosslinks between polymer molecules. I also discovered a definite
change of triboelectricity in the irradiated polyethylene. The sign of the frictional
charge was negative for unirradiated samples and positive for highly irradiated
samples.

I applied for a British Council Scholarship and was fortunate enough to pass the
examination in 1956. My supervisor in England was Dr.R.W.B.Stephens of the
Department of Physics, Imperial College of Science and Technology, University of
London. He was a Reader of Acoustics and a friend of Dr.Charlesby. I worked
fifteen months in the laboratory of Dr.Stephens and kept close contact with
Dr.Charlesby, then the Research Director at the Tube Investment Research
Laboratories in Cambridge. Soon after he became the Professor of Physics at the
Royal Military College of Science, Swindon.

I worked on the dynamic viscoelasticity of polyesters cured by 7 -ray from a Co®
source’”. I also studied the dynamic viscoelasticity of high density polyethylene
irradiated by a van de Graaf electron accelerator '2, Thus I became familiar with
radiation-induced polymerization of monomers and the modification of polymer
properties via the crosslinks and scissions produced by irradiation.

Whilst in Britain I had the good fortune to meet Prof.J.F. Fowler of the Physics
Department, Kings College Hospital, London. We discussed the triboelectricity of
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irradiated polyethylene and published a letter in Nature about the electron traps in
the insulators '¥.

The mechanism of the elastic and dielectric relaxations in polyethylene, a simple
hydrocarbon macromolecule, was of interest in those days. One day I met a scientist
from the Imperial Chemical Industries Company, and he explained to me in detail his
interpretation of the three relaxations in polyethylene. The y-relaxation, he suggested,
is due to local thermal motion of molecules, the B-relaxation due to macroscopic
thermal motion of molecules in amorphous regions and the a-relaxation due to the
thermal motion of molecules in the crystalline regions. At this time I learned the
importance of personal communication in research.

In 1968 I returned to the Kobayasi Institute of Physical Research. About that
time a movement started to establish the Research Association for Radiation
Polymers. This was supported by the Japanese Society of Polymer Science and
many polymer industries. Research laboratories were founded in Tokyo and Osaka.
The former was built close to the Institute of Physical and Chemical Research
(RIKEN). The director was Dr.Kenichi Shinohara, the head of the Atomic Physic
Laboratory in RIKEN. Later he invited me to join his laboratory.

6. Studies on Rheology

Studies on Rheology rapidly became popular around 1960 owing to the activities
of such eminent scientists as Prof. Tsurutaro Nakagawa and Prof Hirotaro Kambe of
Tokyo University and Prof Sigeharu Onogi of Kyoto University. Rheology is the
science of flow and deformation. My interest therein was aroused by joint work with
Dr.Toshimaro Sone of the Research Laboratory of Snow Brand Milk Co..
Mechanical properties such as viscosity, elasticity, and plasticity are very important
in the processing of milk, butter, cheese and other dairy products. The property/
structure relationships in these materials are a challenge for both basic and applied
researches.

Dr.Sone discovered a close relationship between the viscoelasticity of butter and
the crystallinity of triglyceride. Dr.Masayosi Fukushima of the Snow Brand Milk Co.
worked for several years on the rheology of butter and cheese in my laboratory at
the Kobayasi Institute. One of his most remarkable results was the observation of
“stripe”" patterns during the rolling of butter. The number and shape of the stripes
varied depending on the viscosity of the fluid and the speed of rotation of a roll. A
theoretical analysis based on hydrodynamics and rheology was required but was
obviously very difficult. Prof.Misazo Yamamoto, an excellent theoretical physicist at
the Tokyo Metropolitan University was interested in this phenomena and later
developed a theory thereabout with Dr.Fukushima 'Y. Mr.Mitsunobu Masuzawa of
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Japan Oil and Fat Co. also worked with me on the radiation and rheology of
triglyceride .

Dr.Syoten Oka was also active in theoretical research in rheology and developed
a series of theories to explain viscoelasticity measurements. His rigorous treatments
took into account the effect of inertia.

Few rheometers were commercially available in those days and construction of
laboratory instruments for specific purposes was necessary. 1 was involved in
considerable efforts to develop new rheometers for a number of years. In this
endeavours I was fortunate to have the help of Dr.Munehiro Date. He worked with
me at the Kobayasi Institute and the RIKEN Institute. He was ingenious and creative
in mechanics and electronics. The cooperation of the workshop in RIKEN was also
indispensable. I wish to express my sincere thanks to them.

We began with a vibration plate and a rotational viscometer. Around 1960, I was
fortunate enough to obtain research funds to buy a Weisenberg rheogoniometer. It
was the first such English machine in Japan. I worked with Mr.K.Suzuki on the
normal stress of silicone oil. T also worked with Dr.Date on the dynamic
viscoelasticity of collagen solutions over a wide range of shear rate. Dr.T. Nishihara,
who made a pioneering work on collagen in the Japan Leather Co. was highly
appreciative of our results and inspired my interest in btopolymers.

As originally worked on acoustics, the measurement of the viscoelastic constants
of materials in the acoustic frequency range, for example, from 50 to 5000 Hz, was
of great interest. The Fitzgerald apparatus was the only one reporting data in this
frequency range. I tried to construct this difficult instrument with the help of
Dr.Shigeo Ogawa of the National Institute of Textile Engineering, Yokohama ( now
the National Institute of Materials and Chemical Research, Tsukuba). However,
resonant frequencies of a large electromagnet interfered with the measurements, and
we finally had to give up. To my limited knowledge, no commercial equipment is yet
available to determine viscoelasticity in the audio frequency range. Construction of
such an instrument remains one of my unsolved problems.

In 1959, Prof Motowo Takayanagi and Mr.M.Yoshino of Faculty of Engineering,
Kyushu University invented a new apparatus for measuring the dynamic
viscoelasticity, called Vibron. Previous apparatus for dynamic viscoelasticity
measurement utilized a resonance of vibration, whilst the new one used forced
vibration and measured the stress and strain of the sample independently. The
measurement frequency could be continuously changed below the resonant
frequency.

I was impressed with this idea and tried to construct an apparatus to measure
directly the real and imaginary parts of the complex elastic constant of polymer films
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and liquids '®. Later this apparatus was developed to measure the real and imaginary
components of the piezoelectric constant as well as the elastic and dielectric
constants. Dr.Date's unique ideas and deep knowledge of electronics were essential
for the successful production of this apparatus. The cooperations of Messrs.lkeda
and Ishida of Toyo Seiki Co. are also sincerely acknowledged.

7. Hemorheology and Biorheology

Dr.Kawai once suggested to me an idea for a simple viscometer for small
amounts of blood. It consisted of two hollow needles attached to the top and bottom
of a glass tube, and when the pressure inside the tube is reduced by pressing a rubber
ball jointed to the tube, the blood sample is sucked through the bottom needle and
air through the top needle. By comparing the amounts of blood and air sucked into
the tube, the viscosity of blood can be determined.

This handy rheometer is useful for measuring small samples of patient's blood for
diagnostic purposes. Mr.Takayoshi Ibe, now the Managing Director of Rion Co.,
measured the viscosity of numerous blood samples at the clinic of Dr.T.Oosawa at
Yokohama. He also conducted an experiment to determine the viscosity of blood in
vivo in the jugular vein of a dog. This work he did jointly with Prof. K. Atsumi of
Research Institute of Medical Electronics, the University of Tokyo.

I reported these results at the Symposium on Hemorheology of the International
Congress of Rheology held at Brown University in 1963. There 1 met
Prof H Wayland of the California Institute of Technology. He originally studied
physics with Prof. Niels Bohr, Copenhagen and later entered the field of
microcirculation. Since then his research and charming personality have been a great
stimulation for me.

Dr.Oka, the Professor of Physics at the Tokyo Metropolitan University started
theoretical studies on the viscosity and circulation of blood. Thrombosis is a fatal
problem of blood circulation. Gelation and coagulation of fibrinogen in the blood
required many rheological investigations. The Thromboelastgraph, invented by
Prof.H.Hertart of the University of Kaiserslautern, Germany, has been clinically used
to determine the coagulation of blood.

The dynamic viscoelasticity of gel is described via complex rigidity, so the real
and imaginary components of dynamic rigidity must be determined for solution of
the problem. The principle of the dynamic viscoelastometer designed for solid
polymers was applied to blood for that purpose. A parallel plate device held the
sample liquid, and the time variation of the dynamic rigidity and dynamic loss for
clotting blood were quantitatively determined and recorded separately against time
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in 1969 '¥. Thus commenced the long-term research of Dr,Makoto Kaibara and
myself on the clotting of blood and of fibrinogen thrombin systems.

The effects of a number of parameters on clotting of blood such as the amplitude
and frequency of oscillation, temperature, concentration of blood cells (hematocrit),
pH, ionic strength, etc. were elucidated in detail by the careful work of Dr.Kaibara.
Theoretical analysis of the clotting curves was also developed. We also studied the
viscosity and dynamic viscoelasticity of unclotted blood using a new, in-house
constructed, coaxial cylinder viscoelastometer. Dr.Kaibara recently constructed a
damping oscillation rheometer to detect the time change of the viscosity of blood
during the period of enzymatic reactions prior to gelation. The nonlinear
viscoelasticity of clotting blood was first quantified by Mr.Yoshihiko Sugiura. He
moved to my laboratory when Dr.Iwayanagi retired from RIKEN.

We were fortunate to collaborate on hemorheology with many active medical
scientists such as the late Prof Takehiko Azuma of Shinshu University (later
President of Juntendo University) and Prof. Yukihide Isogai of the Tokyo Jikeikai
University School of Medicine.

In 1966, Prof..A L.Copley of the Polytechnic University, New York founded the
International Society of Hemorheology, the name of which was changed to the
International Society of Biorheology in 1972. The Society holds the International
Congress of Biorheology (ICB) every four years. I was elected President of the
International Society of Biorheology at the 3rd ICB at the University of California at
La jolla in 1978 and became responsible for organizing the 4th ICB in Tokyo, 1981.

Prof Syoten Oka founded the Japanese Society of Biorheology in 1977 and since
then the number of scientists interested in hemorheology and biorhelogy has
increased. The membership of the Society was about 300 when the 4th ICB was
held at the Tokyo Jikeikai University School of Medicine in 1981.

The 4th ICB was a great success especially due to the enthusiastic support of the
professors in Tokyo Jikeikai University. A satellite Symposium on Hemorheology
was organized at the National Cardiovascular Center Research Institute, Prof Oka
Director. The 9th ICB was organized in 1992 again at Yokohama by Prof.Y .Isogai,
who then became the President of the International Society of Biorheology.

My friendship with Prof.Copley has greatly influenced my life. He was a painter
as well as a physiologist. A person of broad sighted view and many international
friendships. He was always passionate when spreading the research of biorheology.
He believed it the interlink in Life Sciences. From him I learned of passion for
science and the courtesy of international scientists.
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8. The Electrical Stimulation of Bone Growth

Dr.Yasuda was an orthopedist with a concept as to how fractured bone naturally
healed and interest in the piezoelectricity of bone originated therefrom. In 1953, he
showed the effect of electricity on bone growth. He wound a metal wire around the
femur of a rabbit as the negative electrode, another ring-shaped positive electrode
was placed in muscle close to the periosteum. New bone was observed to form
along the path of the current, when ~ 1 pnA was passed for several weeks between
two electrodes from a 1.5 V battery.

A dog with a broken leg often shakes it. Dr.Yasuda assumed the electricity
generated by the vibration would heal the fracture. The Wolff law in orthopedics
tells that bone develops its shape in response to the mechanical stress on it. The
feedback parameter in this law could be electricity caused by mechanical
deformation.

The relationship between the electrical properties of bone and the mechanism of
bone growth aroused the interest of many scientists world-wide and there was
remarkable research activity in subsequent years. Work on electricity and bone was
initiated in two groups in the U.S.A. around 1960. These groups also consisted of
physicists and orthopedists.

Prof M.H.Shamos of the Physics Department of New York University and
Prof.L.S Lavine of the State University of New York, Down State Medical Center
asserted piezoelectricity in bone originates from the crystalline properties of collagen,
a similar conclusion to mine. Prof C.A L Bassett of Columbia University and
Prof R O Becker of State University of New York, Upstate Medical Center,
Syracuse proposed a mechanism based on p-n junctions. They assumed the latter
exist at boundaries between the collagen and hydroxyapatite.

In 1965, Prof Shamos invited me as a Visiting Professor to his laboratory. There
1 worked on the anisotropy of the piezoelectric effect in bone and its dielectric
properties. During my stay in New York, Dr.Yasuda visited and described how to
apply electric current to bone and induce new callus. He gave a seminar on his
original work at the Rockefeller Institute in New York City. I helped as interpreter.

During subsequent relaxed conversations in the hotel, we got the idea to use a
piezoelectric polymer film to induce callus formation. If the piezoelectric potential
naturally induced in bone is effective to stimulate proliferation, artificial piezoelectric
film implanted near periosteum should have a similar effect. Implantation of a
teflon electret film around a rabbit femur successfully showed that bone formed
around the film '”. Later a number of different polymer films, possessing higher
piezoelectric activity, were shown to generate new bone .
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It is unfortunate the pioneering work of Dr.Yasuda was not properly appreciated
in the orthopedic communities of Japan at the early stages of his work. He was an
enthusiastic physicist and was full of novel ideas. He was a charming personality and
loved to drink. His work was popular abroad, though he did not publish in English,

In 1973, the Symposium on Electrically Mediated Growth Mechanisms in Living
Systems was held by the New York Academy of Sciences in New York City. I
talked about my research on the piezoelectric properties of biopolymers such as
polypeptides and deoxyribonucleates, carried out over the previous ten years.
Dr Yasuda gave a talk on his original work on piezoelectricity on bending and the
electrical growth of bone. It was received with great interest.

Dr.C.Eriksson of the Karolinska Institute, Stockholm who presented a paper on
the streaming potential of bone, told me before his talk that he might be knocked
down after the lecture because, at that time, piezoelectricity prevailed as the origin
of stress-induced electricity in bone. I had met him before in London when I was at
Imperial College. He published an article in Nature that the streaming potential in
bone and tendon became zero at the isoelectric point of the immersing fluid V.

All piezoelectric materials have a matrix consisting of 18 piezoelectric constants.
It represents the relations between the six components of mechanical stress and the
three components of polarization. If the collagen fibers in the structure of bone have
a nonpolar uniaxial symmetry, then only the shear piezoelectric constants d,, = -d,;
have finite values, all other components being zero. However, measurements on
bone and tendon showed finite values for other components of the piezoelectric
matrix. This observation was usually ascribed to heterogenious structure of bone.
However, it may suggest an other origin of the stress-induced potential generated in
bone.

Bone in the living state contains considerable water. The observed piezoelectric
constant is a function of the water content. d,, measured at 10 Hz is highest in the
dried state and decreases with increasing water content being zero at ~ 30% water in
the collagen. Piezoelectric polarization of bone is neutralized by the ionic conduction
of water.

Around 1975, Prof.S.L Pollack at the Department of Bioengineering, University
of Pennsylvania, Philadelphia commenced energetic work on the streaming potential
of bone. He clearly demonstrated a distribution of electric potential across the
section of bent bone and ascribed it to the streaming potential induced by the flow
of fluid through canaliculi, the minute tubes penetrating the structure of bone. When
a long bone is bent, body fluids flow from the compressed regions to the expanded
ones. The ionic species in the fluid and the ¢ potential at the surface of the canaliculi
determine the sign and magnitude of the streaming potential. Contrary to the
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piezoelectric effects, the streaming potential effects persevere in the moist bone.
From his active studies, the main origin of the stress-generated potential in bone in
vivo is the streaming potential.

Prof.C.T Brighton of the Department of Orthopedics, University of Pennsylvania
carried out extensive research on the electrical stimulation of repair and growth of
bone. Again a clinical orthopedist collaborated with a biophysicist.

From the viewpoint of clinical application, the largest achievement of electrical
stimulation was the success with the healing of pseudoarthrosis. The latter is a
delayed nonunion unhealable by previous methods. Several apparatus and devices
have now been commercialized. The simplest one involves insertion of an electrode
into the lesion and passing a direct current of ~10 pA. Prof Bassett invented an
apparatus that applies a pulsing electromagnetic field to the fracture. A pair of coils
is placed on the body surface. Prof Brighton proposed an apparatus to pass a 60kHz
ac current through electrodes placed on the skin.

In 1975, Dr.J. Watson of the Department of Electrical Engineering, University of
Wales, Swansea visited my laboratory in RIKEN. He invented an iron-cored pulsing
magnetic stimulator for bone healing and collaborated with Dr. EM.Downes, a
clinical orthopedist. He contributed a paper on the electromagnetic treatment of
fracture to the Japanese Journal of Applied Physics, when I was serving as the
Editor-in-Chief. Since thenl treasure the warm friendship with him.

In 1977, Prof M.R.Urist invited Dr.Yasuda to submit his original work of 1953
to the Journal of Clinical Orthopedics and Related Research, the most authoritative
journal on orthopedics in the U.S.A.*®. I was pleased to help him. His pioneering
work is now known worldwide. Papers we coauthored on the piezoelectric effects of
bone and tendon also became popular and have been cited in a number of
publications, Unfortunately there have been the misunderstandings. The
J Phys.Soc.Japan was changed to the J Physiol.Soc.Japan. Some researchers
believed the electrical growth of bone was first reported in these journals. Since
Dr.Yasuda had not published his work in English, his work was unknown for many
years. My English papers with Dr.Yasuda introduced his work on the electrical
stimulation of bone to the fraternity outside Japan.

In 1980, an international society, "The Bioelectrical Repair and Growth Society"
(BRAGS) was founded in Philadelphia. I was a founding member. 25 years after our
discovery of the piezoelectric effect in bone, research on bone and electricity had
developed to such an extent that an international society merited organization.

Dr.Yasuda and 1 decided to promote research in this field in Japan. In 1976, the
Japanese Committee for Electrical Enhancement of Bone Healing held its first
meeting at the Kyoto Second Red Cross Hospital, the home of Dr.Yasuda and the
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second meeting at RIKEN. A number of enthusiastic orthopedists gathered at these
meetings. The meeting developed a scientific society "Japanese Society for
Bioelectrical Stimulation", which holds an annual meeting every year. The efforts of
Prof.S.Inoue of Asahi University, Gifu as the Secretary General of the Society were
significant to its development.

In 1984, the 4th BRAGS meeting was held in Kyoto. A special Symposium
dedicated to Dr.Yasuda was held the day before the meeting. He died in 1983. At
which time the Yasuda Award was established. This is given to the scientist who
contributes the most original paper to the meeting.

It is now established that mechanical stress produces an electrical potential in
bone. The origin may be mainly the streaming potential via fluid flow and partly the
piezoelectric polarization of the collagen in moist living bones. It has been also
established that an electric field ~ 1 mV/cm or an electric current ~ 10 pA/em®
stimulates activity in bone cells. The most important remaining question is how
electric current affects the biologic activity of cells?

In Riken I was fortunate to work with biologists Dr.l.Kaneko and
Dr.K.Takahashi. We examined the effect of a pulsing magnetic field on the
proliferation of fibroblast cultures. We investigated the effect of the waveform of the
applied electromagnetic field on the rate of growth of cells. Some of our conclusions
are as follows: The optimum bandwidth of pulse is 25psec. The optimum field
strength for fibroblast proliferation is ~2 Gauss. A higher field causes a deceleration
of growth rate. The variation of the frequency of pulse repetition from 1 to 100 Hz
has little effect on the proliferation rate®,

Numerous studies have been carried out on cultured cells to understand why an
electric field affects bone. One possible explanation is that the electric field on the
surface of a cell membrane changes the electrification of protein molecules, such as
ion channel protein molecules, and the resultant change of molecular conformation
alters the penetration of ions like Ca, thus affecting the succeeding biochemical
reactions.

The electrical stimulation of bone healing is now focused on its molecular
mechanisms. In 1994, BRAGS was changed to "The Society for the Physical
Regulation in Biology and Medicine (SPRBM)".

9. Electret

Prof.-Mototaro Eguchi prepared an electret consisting of carnauba wax and resin
in 1925. Prof M Nishikawa, Prof T.Nukiyama and Prof Eguchi patented a transducer
and a microphone with a wax electret in 1926. Two original Eguchi electrets are
stored in the National Science Museum, Ueno, Tokyo. Dr. Toshiaki Takamatsu of
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the RIKEN Institute measured the surface charge on them and found its magnitude
has only decayed to ~ one seventh of its original value, 50 years after preparation!™

Mr.Inosuke Sumoto worked on wax electrets for many vyears with
Prof Nishikawa at RIKEN and lefi a large number of precious samples.
Dr.Takamatsu initiated studies on electret of carnauba wax, which is produced in
Brazil. He also worked on a number of polymers using a new technique called
Thermally Stimulated Current Analysis (TSC). He published a large number of
papers.

Besides electret, the most remarkable work of Dr.Takamatsu was the
development of antithrombogenetic polymers for artificial blood vessels. He
modified the surface of porous polytetrafluoroethylene via graft copolymerization.
The coexistence of hydrophobic and hydrophilic surfaces effectively prevents
thrombus formation in blood.

One day in 1973 I spoke with my wife about visiting Brazil in the future,
Surprisingly, a week later 1 recetved a letter from Prof S Mascarenhas of the
Institute of Physics and Chemistry at Sao Carlos, University of Sao Paulo. He was
working on electret and the piezoelectricity of bone and invited me to be a Visiting
Professor at his Institute. I stayed at Sac Carlos from April to September, 1974, and
lectured on the piezoelectric properties of polymers. With the help of
Prof R Zimmerman I set up an apparatus to measure dynamic piezoelectric constants.

Prof. Mascarenhas asked me were it possible to obtain a photograph of Prof.
M.Eguchi. I wrote a letter to Prof. T.Eguchi of the Faculty of Engineering, Kyushu
University, his son. He kindly sent me a photograph of his father and mother taken at
their wedding. This photograph is now displayed on the wall of the Institute of
Physics and Chemistry, Sao Carlos.

Whilst in San Carlos I discovered a correlation between the thermally stimulated
current and the thermal change of piezoelectric constant for the horn keratin of cows
*_1 also demonstrated that any polymer film may show a piezoelectric effect in a
dc-biased electric field. I found the piezoelectric constant is proportional to the
product of the dc field and the electrostriction constant of the polymer .

Prof B.Gross, famous for his studies on electret, has a home in Sao Carlos
During my stay in Sao Carlos, I met DrLR.Duarte of the Department of
Orthopedics, University of Sao Paulo at Riberon Preto. He healed a bone fracture
by imposing ultrasonic vibration. The biologic activity of bone cell can be accelerated
not only by electrical but also mechanical stimulation*”. This concept confirms the
piezoelectric effect in bone, i.e., mechanical stress and electrical polarization are
always associated.

)

190



Later Prof Mascarenhas visited Japan and stayed at RIKEN. He wished to
establish a close relationship between scientific research in Brazil and Japan. In 1980,
the first Brazil-Japan Symposium on Science and Technology was held at Rio de
Janeiro, Sao Paulo, and Sao Carlos.

10. Studies on Piezoelectric Relaxation

Characteristic properties of polymers are relaxation and retardation. The
mechanical properties of polymers must be represented by a complex elastic constant.
In dynamic experiments, a phase lag exists between the applied stress and the
resultant strain. The elastic constant represents the ratio of stress over strain and the
phase angle between. Both are a function of frequency and temperature.

I wondered whether there was a phase difference between the applied stress and
the piezoelectric polarization, i.e.; whether the piezoelectric constant of polymers is
complex.

Dr.Date and 1 built an apparatus to measure dynamically the complex
piezoelectric constant of polymer films. The first sample was a thin plate of wood
cut aslant to the grain to show the shear piezelectric effect. The absolute value of
the piezoelectric constant increased when the temperature was gradually increased
from -150°C to 0°C. The phase of polarization lagged the applied stress. These
results were anticipated. When the temperature increased above 0°C, however, the
piezoelectric constant decreased and the phase of polarization led beyond the applied
stress.

If the complex piezoelectric constant is defined as d = d' - id", the phase angle &
is given by tan 6 = d"/d'. When d increases with temperature or time, tan  is positive,
when d decreases, tan 8 is negative. This was a new finding. This type of variation
has never been observed in the elastic and dielectric constants.

In the case of wood, below 0°C, the dipolar deformation, which is proportional to
the polarization, increases with time, the phase lagging the alternating applied stress.
Above 0°C, the ionic conductivity due to water neutralizes the dipolar polarization
and thus the observed polarization decreases with time. The phase angle leads the
alternating applied stress. Time and temperature were found equivalent in
piezoelectric relaxation phenomena.

Prof. G.Arlt of Technical University of Aachen visited my laboratory in 1968. 1
was studying films of cellulose diacetate and cellulose triacetate, which
demonstrated two clear piezoelectric relaxations with temperature. He was a famous
scientist in piezoelectric ceramics. He was impressed by our measurements of the
complex piezoelectric constants and the observation of piezoelectric relaxation. His
praise encouraged me and later, after my retirement, I visited his laboratory for two
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months. I still remember the courteous hospitality he and his wife extended to me
duning the very cold winter of 1987.

Date and 1 found that films of poly-y-glutamate exhibited a large piezoelectric
effect and a characteristic retardation-relaxation phenomenon at the side chain
relaxation temperature *. If temperature increased from -150°C to 150°C, the
piezoelectric constant d = -d, = d,; increased until about 0°C and then decreased.
Tan & showed a positive peak below 0°C and a negative one above 0°C. Around
0°C, the elastic constant ¢ decreased and the dielectric constant € increased. The
piezoelectric constant increased and decreased with increasing temperature. How
can we explain this behavior?

Dr.Date developed a theory of piezoelectricity for a spherical dispersion system,
where piezoelectric crystalline spheres are uniformly dispersed in a nonpiezoelectric
amorphous medium® . This system is a model for semicrystalline piezoelectric
polymers. He explained the increase of d as due to the decrease of c of the
amorphous phase and the decrease of d due to the increase of & of the crystalline
phase.

With regard to this theory, I recall with gratitude the discussions with the late
Prof A Ohkawa of Gakushuin University. He had been kind to me since the days I
worked under his guidance on the growth of Rochelle salt crystals at the Kobayasi
Institute in 1944. I visited him often during I worked as a Visiting Professor at
Gakushuin University from 1961 to 1980.

Dr.Takeo Furukawa conducted thorough study of the piezoelectric properties of
poly-y-benzylglutamate, which showed piezoelectric behavior similar to
poly-y-methylglutamate. He introduced the concept of grain boundaries in a
piezoelectric crystalline phase. Piezoelectric polarization is caused by the internal
rotation of peptide dipoles in helical molecules and the mechanical relaxation is
caused by the thermal motion of side chains. The elastic constants of helices and
grain boundaries do not relax, but do so in the side chains surrounding helices in the
cristallites. The local elastic field on helices, which induces piezoelectric polarization,
increases and decreases with increasing temperature, mainly due to the elastic
relaxation of side chains®".

11. The Piezoelectricity of Biopolymers

I have explored the piezoelectric properties of a number of biopolymers with the
cooperation of many young scientists. Mr.K. Hara detected the shear piezoelectric
effect in elongated and dried samples of blood vessel walls, which consisted of
collagen, elastin, and muscle. Dr.Hiroyoshi Ueda proved the piezoelectric effect for
dried myosin, actin, as well as muscle. He also conducted an extensive work on the
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piezoelectric effect in collagen. Dr.Yutaka Ando found remarkable piezoelectric
relaxation in oriented deoxyribonucleate films below 0°C. He also found the sign of
the piezoelectric constant changes with water content. Hydrated water changes the
helical structure of molecules and thus significantly affects piezoelectric effects in
DNA.

Dr.Sintaro Sasaki demonstrated the sign reversal of piezoelectric constant with
temperature for oriented films of cellulose triacetate. Dr.Katsuyoshi Nishinari also
showed the same for oriented films of amylose. He pointed out that the piezoelectric
relaxation around -100°C is due to the rotation of methylol groups. Dr.Hidemaro
Maeda studied extensively the effects of hydration on the piezoelectric effect in
collagen and cellulose.

Our investigations concluded that piezoelectricity is a universal property for
polysaccharides, proteins, and deoxyribonucleic acids, three typical types of
biopolymer.

12. Piezoelectricity in Optically Active Polymers

Shear piezoelectricity in biological polymers originates from the structure of
atomic groups of asymmetric carbon atoms and polar groups such as CONH bonds
as well as uniaxial orientation of the polymer molecules. Asymmetric atomic groups
give rise to optical rotation, The structural symmetry of optically active substances is
closely related to that of piezoelectric substances.

In 1969, Prof. Teiji Tsuruta of the University of Tokyo kindly gave me oriented
films of optically-active polypropylene oxide (PPO) [-O-CH(CH,)-CH,-].
Dr Furukawa observed a clear piezoelectric relaxation around the glass transition
temperature Tg = -60°C., and obtained d,,= -0.1 pC/N at -100°C *?.

In 1984, ICI in England kindly provided me with oriented films of
poly-B-hydroxybutylate (PHB) [-O-CH(CH,)-CH,-CO-].. Dr.Ando made an
extensive study of piezoelectric relaxation therein around Tg = 20°C and found d,
=-1.3 pC/N at 0°C*. He also studied the piezoelectric properties of copolymers of
hydroxybutyrate and hydroxyvalerate*®,

In 1991, Dr.Yasuo Shikinami of Takiron Co. kindly gave me elongated films of
Poly-L-lactic acid (PLLA) [-O-CH(CH,)-CO-] . I found a piezoelectric relaxation
around Tg = 85°C and obtained d,, = -10 pC/N at room temperature. Using
spherical dispersion theory, the piezoelectric constants for crystalline regions of
PLLA were constant and independent of temperature around the glass temperature
range*.

The correlation between the chemical structure and the magnitude of piezoelectric
constant is significant in these three polymers.. It is obvious the molecular structure
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of PLLA is the most effective for piezoelectric activity. The magnitude of the shear
piezoelectric constant for PLLA is the highest ever observed for polymers.

In 1995, Prof. Junzo Kobayashi of the Waseda University discovered the optical
rotatory power of PLLA amounts 9000 degree/mm in the direction of helical
molecular axis. This is two orders higher than those of ordinary inorganic crystals *2.

13. Piezoelectricity in Poled Polymers

Piezoelectricity is caused in biopolymers and synthetic polypeptides by the
internal strain of polar atomic groups around an asymmetric carbon atom. The latter
is optically active, being located in the polymer molecules. Uniaxial orientation only
1s required to generate shear piezoelectricity in such polymers.

Piezoelectric ceramics show a large tensile piezoelectric effect when poled, ie.
after being subjected to a high dc electric field. Can polar polymers with no
asymmetric carbon atoms be rendered piezoelectric by poling ?

After persistent experiments, Dr.Heiji Kawai of the Kobayasi Institute of Physical
Research discovered the large piezoelectric effect in polyvinylidene fluoride (PVDF)
and several other polymers in 1969,

Dr.Kawai elongated and poled films of various kinds of polymer and tested their
piezoelectric effect in the tensile mode. Polar polymers such as PVDF, polyvinyl
chloride, polyvinyl fluoride, and nylon-11 exhibited a piezoelectric effect that did not
decay with time. Nonpolar polymers such as polyethylene, polypropylene, and
polytetrafluoroethylene showed little effect, which quickly decayed with time. The
highest piezoelectric constant he obtained was d,, = 5 pC/N for PVDF. This was the
dawn of world-wide research on ferroelectric polymers*?”,

Inspired by these findings I carried out extensive work on PVDF with the help of
my colleagues. Dr.Oshiki studied inverse piezoelectricity and electrostriction in
PVDF. Dr.Date determined the orientation of CH, dipoles under an applied electric
field by observing the infrared dichloic ratio. Dr.Furukawa observed the electric
displacement - electric field hysteresis between -100°C and 50°C. This strongly
suggested the ferroelectric property of PVDF.

In 1979, it was reported that the dielectric constant and the piezoelectric constant

for copolymers of trifluoroethylene and vinylidenefluoride showed a peak against
temperature® . The Curie-Weiss law predicted the relationship between reciprocal
permittivity and temperature *. This was the first report of a Curie temperature for
ferroelectric polymers.

Prof Yasaku Wada of the University of Tokyo made a significant contribution to
understanding the mechanisms of piezoelectricity in polymers. He considered the
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characteristic features of semicrystalline polymers, i.e.; crystalline lamellae and
noncrystalline regions and good insulating capacity. The residual polarization after
poling can be generated by the separation and trapping of space charge as well as
dipolar orientation of molecules. He showed that, when a poled polymer film is
elongated lengthwise, the thickness change causes the variation of charge on surface
electrodes. The latter is induced by residual polarization in the polymer*”,

Prof.’Y.Wada and Prof R Hayakawa of the University of Tokyo developed a
general theory for the piezoelectric effects of poled polymers based on the spherical
dispersion model. In addition to the intrinsic piezoelectricity in crystalline regions, a
term proportional to the residual polarization in crystalline regions was introduced,
which involved the Poisson's ratio and the electrostriction constant ‘",

Prof. A .Odajima of Hokkaido University determined the piezoelectric constant of
crystals of PVDF by x-ray measurements of the change of lattice spacing induced on
applying an electric field. He reported that the piezoelectric constant for a PVDF
crystal, d;_ , is negligibly small while the piezoelectric constant, d,, , for an
elongated and poled film of PVDF is 20 pC/N. He also reported that the
piezoelectric constant for a crystal d;;. = -20 pC/N.

Prof Hiroyuki Tadokoro and Dr.Koji Tashiro of Osaka University were the first
to succeed in theoretically calculating the piezoelectric constants for a crystal of
PVDF *2. They obtained d,, = -0.25 pC/N and d,,, = -25 pC/N for a crystal of PVDF.
Agreement with the experimental data of Odajima was remarkable. Using the
Wada-Hayakawa equation, they calculated the piezoelectric constants for an
elongated and poled film of PVDF as d,= 6 pC/N and d,; = -14 pC/N, in good
agreement with observed values.

Dr Furukawa conducted a detailed investigation of the phase transition in crystals
of TrFE/VDF copolymers and demonstrated the ferroelectric properties of PVDF
and its copolymers. He derived a rigorous theory for the piezoelectric constants of
polymer films and concluded that e;, = 0 and e,; = -Pr, where, for example, e,, is
the rigorously-defined piezoelectric-stress-constant for strains in the 2 and 3 axes
fixed at zero and Pr the residual polarization, respectively*’. Assuming a rigid dipole
model, Furukawa also derived the relations, e, = v, Pr and e,,, = -Pr, where e,,, and
€,;, are the apparently observed values of respective piezoelectric constant and v,, is
the Poisson's ratio **.

Prof Hiroji Ohigashi of Yamagata University conducted thorough studies on the
piezoelectric thickness-resonance of PVDF and its copolymers at ultrasonic
frequencies. He showed that the value of e, = -13 pC/N is almost constant
between -170°C and 80°C, whereas the value of e, increases with increasing
temperature around the glass temperature of about -50°C “¥.
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Dr.H.Sussner and Prof K. Dransfeld first suggested that the increase of the
piezoelectric constant around the glass transition temperature is caused by an
increase of Poisson's ratio .

In 1984, Prof Seizo Miyata and Dr.S.Tasaka of Tokyo University of Agriculture
and Technology and Dr.Iwao Seo of Mitsubishi Chemistry Co. discovered the large
piezoelectric effect in poled films of copolymers of vinylidene cyanide and
vinylacetate, which are completely amorphous. Glass-like ferroelectricity was first
found in noncrystalline polymers *”.

In 1995, the special issue of Ferroelectrics is to be published in commemoration
of the 25th anniversary of Prof Kawai's paper on the discovery of piezoelectricity in
PVDF.

14. Piezoelectricity in Polymers Prepared by Vapor Deposition Polymerization

In 1987, after my retirement from RIKEN and my stay in Germany, I was invited
by Dr.Chikara Hayashi, President of ULVAC Japan Ltd, to join the Tsukuba
Institute for Super Materials as a Research Advisor. The Institute is located close to
the Tsukuba Research Consortium.

I was impressed by the pioneering work of Dr.Yoshikazu Takahashi and
Dr.Masayuki Tijima on the vapor-deposition-polymerization of thin films of
polyimides. I suggested they synthesize thin films of polar polymers with functional
activities and worked with them thereon. We discovered that thin films of aromatic
polyurea can be synthesized by concurrently evaporating aromatic diamine and
aromatic diisocyanate monomers and that, after poling, these films exhibit large
pyroelectric and piezoelectric effects***,

Monomers deposited on a substrate react with each other at room temperature
and form oligomers with urea bonds. When the deposited film is heated in an electric
field, the oligomers polymerize and simultaneousy urea bond dipoles align. The final
poled films of aromatic polyurea possess pyroelectric and piezoelectric activity stable
to 200°C. The thickness of the films can be varied from ~ 0.3 to 10 um. Dielectric
hysteresis was also observed, showing the ferroelectric characteristics of polyurea.

The preparation of thin films of polyurea has been impossible so far because of
the lack of solvents. Vapor-deposition-polymerization is the only way to prepare
poled, thin films of polyurea. Various industrial applications are anticipated for thin
films of polyurea, polyimide and other polymers synthesized by vapor- deposition
polymerization.

In past studies of polymers, I used to obtain the polymer samples from industrial
chemists. Synthesis was out of the question for a physicist. However, I am now in a
fortunate situation that synthesis and physical characterization can be carried out in
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the same laboratory. My dream is that the technique of vapor deposition
polymerization will be applicable to the synthesis of a variety of functional polymers.

15. Life After Retirement

In 1980, just before I retired from RIKEN, I was appointed as Executive Director
for Life Sciences at RIKEN. The construction of the Tsukuba Research Center for
Life Sciences with focus on recombinant DNA biotechnology was my mission.
Since the Center included a high biosecurity laboratory (rank P4) there was strong
opposition from the local inhabitants. As a resuilt I had to struggle with many
political problems entirely different from scientific research.

My four years as Executive Director of RIKEN gained me much experiences as a
man-in-society but little as a scientist. I would like to thank many people in the
administration department of RIKEN, who gave me tremendous help during my
tenure thereat. I am also very grateful to the many scientists of the national
laboratories in Tsukuba, who supported my promotion of the Research Center of
RIKEN.

I retired from RIKEN in 1984. In 1986, I was lucky enough to be invited as a
Visiting Professor by Prof.G.M.Sessler of the Technical University of Darmstadt,
Germany. He was well known for research on polymer electrets. 1 was happy to
once again be making measurements myself in a laboratory and giving seminars on
polymer piezoelectricity. I studied the bending piezoelectricity of monomorph films
of PVDF, poled by electron irradiation ™.

After my stay with Prof Sessler, Prof K .Dransfeld of the University of Konstanz
invited me as a Visiting Professor. I was pleased to be able to work with the late
Dr.G.von Eynatten on the inverse piezoelectric vibration of copolymers of VDF and
TrFE using the Mdssbauer effect °". After Konstanz, I went as a Visiting Professor
to the Technical University of Aachen at the invitation of Prof. G.Arlt. The study of
a nonlinear piezoelectricity in PVDF was initiated in his laboratory.

My stay in Germany with these three distinguished Professors was an
unforgettable experience. I had the opportunity to work in the academic atmosphere
of Germany, a country where original scientific research is greatly valued. My family
and I enjoyed life in the kind hospitality of the German people.

In 1988, Prof.D.Liepsch of Eisenhower Medical Center, Palm Springs, U.S.A
gave me a sudden invitation. I worked there for three months with
Prof. G.V.F.Seaman of Oregon Medical University on the viscoelasticity of
polystyrene latex with an aim of rheologically modeling blood .

Since 1993, I have worked occasionally in the Ceramic Engineering Laboratory
of McMaster University, Hamilton, Canada at the kind invitation of Prof
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P.S.Nicholson. I work there with Dr N.D.Patel on ultrasonic velocity measurements
in latex.

In 1992, Prof.J.Igarashi, President of the Kobayasi Institute of Physical Research
kindly invited me to be an Executive Director and a Chief Research Member of the
Kobayasi Institute and also a Consultant to the Rion Co. I was very happy to be able
to come back to the Institute where I started my research career.

In this article I have described the various fields of research I have explored in
the past. It appears diverse. A fortune cookie in a Chinese restaurant once told me
that you had better consolidate your work. I partly agree with it and regret that I
did not get involved in the elaborate theoretical work necessary to interpret my
experimental findings.

I started work with an experimental method involving vibration to measure the
dynamic viscoelasticity of solids and liquids. As a physicist working at a basic
research institute, I could proceed with any promising subject of interest. 1 was
fortunate to meet many excellent scientists in my life. They were an important
influence on the direction of my research. For example, Prof Kawai for polymer
piezoelectricity, Prof.Oka for biorheology and Prof. Yasuda for electrical problems in
bone.

Recollecting my research life, I feel I have been an extremely lucky man.I was
fortunate to receive many invitations to laboratories at home and abroad. I have been
able to perform research in several fields still developing. I have had good teachers,
good friends, good students, and good colleagues. 1 wish to express my sincere
gratitude to all of them. I have tried to include as many of their names as possible in
this short article. However, many may still be unlisted. I apologize for this and thank
them no less sincerely. I am also most grateful to my wife Tomoko for her generous
help which made all these activities possible,

I am indebted to Prof. P.S.Nicholson and Prof. L.F.Brown for their kind review
of English in this article. Finally I wish to acknowledge the generous invitation of the
Editorial Board to write this review of my research.
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