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Abst7(ld- Thecurrent-voltagecurvesarenlea5ured

roradip-coatedB1-2212tapewireatvarioustempera-

turesunderthemagneticfieldparaHeltothec-axis･lt
isfoundthatthecurrent-voltagecurvesareapproxi一

matelyscalcdontwomastercuryesbynormali名ing
aspredictedintheyortexglass-一iquidtransitionthe-
ory.Howeyer,theobtaineddynamiccriticalindexwas
about3andtoosma)1inspiteorthetwo-dimensional

flux一inesystem.Theseresultsarecomparedwiththe
theoricalanalysisbasedonthenuxcreep-Rowmodel

takingaccountorthedistributionorpinningstrength･
Itisroundthatthetheorica)resultapproximatclyex-

plainstheexperimentalresultonthescalingbchavior,
thecriti(･a】indicesandthetransit.ionllne.

l INTRODUCTION

ItlSknownthaもtheculleJ一t-VO)Cagec111･VCSOHligll
temperaturesuperconductorsmeetontwomastercurves
whenthoseareI10rmali乞edbyplOperfuIICtlOnSOftemper-

aturepledlCtedbytlleVOILcXglass-liquidtranslt10nthe-

orylll,l2)IH o､veTcr･asimila'scal"-gcarLalsobedel●ived
flOlllthemechan)smoffluxcZeep.Tu一dno､V【3卜l5).Espe-
clally,1Vhellthee恥cLordlStllbutedflux】))1-mngStlellgth
istakenlntOaccount,tlleCntlCa.)11一dlCeSObtainedf10m

themechallismo‖11lXCICepalldflowaICClosetoexpel-
)mentallest)Its.A satisfactolyaglCemellい ､r<TLSObtail-ed
betweenthethcoretlCalandexpelimentalresultsforaBi-

2223tape､vire【61･h addltl0--,.い vaSrepOl･ted【6H8I
tllatthecritlCalindicescllangedwlt1-tllemagnetic鮎1d,
whlleltlSpredictedLobeconstalttIfthetransfol.nation
15real)ythephasetlansition.ThelerOre,lLseernstobe
lCallStictllatSuchabehavlOrOftlleCullellt-VOltagecurves
isdlHerentfromthephasetla]lSltionorthesecozldolder

predictedf10mthevolteXglass-llquidtl.anSitionLheoly･
IntlllSpaperthescalingofthecullent･VOltagecu)Yes

islrLVeStlgatedtoraBト2212tape､V11eandtheresultsale
comparedwitllthetheoICtlCalalla)ysISbasedolltheflux
creep-nowmodel.

Il.ExpERIMENTAL

ThemeasuredspecirncnWasaBト2212tape､vllePre-
pa･ledbyadipICOatplOCeSS ItsSi乞eWasabout40111m
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FIg1Scaledcurrent-voltagecurv6 atDI07TObtalnedpal
rameLersareTS -361く,V=26andZ=32

long,4･7mm wideand0llmm thickandthethlCkrLeSS
ofthesul)elCOnductH一gleglOn WasapprOXLmately10pm
Thec-axisoftlleSpecimenwasollenLednolmaltothe
Llatsulfaceofthetape.ThecllticaltemperaLture,TE,lVaS

930ⅠくT1-ccul･[･ent-voltagecllrVeSWel･ellleaSul.edbythe
foul･PIObemetl10dundel･thelllagnehCGeldparallelto
thec-a:{lS.Thepulsetranspol･tCul･1･entwiththeperiod
of3～wasappliedtotlleSPeCimentoreducetheJou一e

lleaLatthecurrentleadsandthevoltagewasmeasured
acrossthevoltagetermillalsseparatedby1.0cm▲Af-

LClthem caSuremeI-tOfthecul.lent-VOltagecurvesofthe
specimen,the superconductinghyerwasbrokenandthe
resistlVityorthesilverlayeronlyWasmeasured.Thiswas

neededfortheevaluationofthecu).rent-voltagecharac-
telisLICSOlllyoftlleSuperCOnductulgregion Thecrltl-
C(TuCul･rCl一tdel一SltyatSu爪clel一tlylowtemperatureswas
alsomeasuled,sil一Cetheinfolmat10nOntheauxplnnHlg
strengthisnecessaryforthetheol･etlCalanalysISbasedon
thenuxcICep-flo､vmodeLFolthisI)urpOSCtheCamI)bell

metlwdL9)wasusedforthecumulatedchipsofspeclmens
putIlltheperpendlCulal magnetlCReld･Suchageometry
wasemployedtoICducetheeffectofdemagnctlZation･

Accoldingtothevol･teXglass-1lqllldtransltlOllthe-

oryl1日2】,thecurrent-voltagecharacteristicsatVarlOu5
tcmperatuICSCOllapseoJlt､VOmaStelCurvesW llet-plotted

as(E/J)/lT-Tslv(''2-D)vsJ/lT-Tsly(D-1),､vhere
Ialtdz'arethedynamicandstab)ccLiticalindicesaJld
D l･eI-SentSthe(1111-CllS)0110日henuxoids lnB1-2223
el)lLaxiajmmsal-dtape､vlreSul-derLllemagneticGeld
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F.6･2 StaticcrlticaJIndex,A,SolLdandopensymbolsrepresent
experlrTIenLa)andtheoreLJCalrcsuILs,rest)eCLlvely.
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F】g3Dynam[ccrltICalIndex,ISoILdandopensymbolsrepresent
experlmenLalandtlleOretlCalresults.respectJVely

parallcltotlleC-aLXISthefluxoidswereaLSSumedasquash
two-dimensioltalandD=21VaSusedHltheallaJysisorthe

current-voltagecharactenstlCSr7日8】,【101,(11】However,
thebehavioro川uxoidslnBi-2223taI)ell心eswasfoulldto

betllree-dJme】-Sionalforboththemagnetic員eldsnolllla･l
andparalleltothea-a光lsFrom thescaledplrlnmgforce

densltya】-dtheilreVerSibllltyGeldr12).flence,D-3is
assumedlnthlSPaperFlgule1sllOWStlteresultsofsca]ed

current-voltagecurvesatB=0･7T Il一th15Casetheob-

tallledsca】=lgI)aLrameterSareTg=36Ⅰ(,A,=26and
I =32.TltestaticanddyllamlCClitlCallndlCCSaLvalll

ousmagneticReュdsarercpleSentedinFig.2alldFig･3,
respectivelyIいsfoundthatthese川dicesarel10texactly

constantsbutvaryslightlyWithmagnetlCfield

llT.FLUXCItEEp-FLOWMODEL

Accordl】1gtOthefluxcleePmodell5】,the"ducede)cc-
tricfieldduetothetllCJmal)yactivatedfluxo)dlllOt10)115

descrl芸 ?-u Ba,voexpl一課 ]

2L15

･[1-exp(一謡)]T ,≦1,

-Baruol1-exp(一芸)]; ,,1, (1)

･vhc･C1-J/JColSthenorlllallZedcurlentdensltybythe
vllLuajcritlCalcurrentdeJISity,Jco,inthecreep-freecase

alldarlSthenuxoldspa･cJng,Z,oistheoscillatlOnfrequency
oftllefluxburLdleIUIStheactlVationenergyaTLdUoIS

theplnnlngpOLentiaLItisknowntha･ttlleplnnlngPO-
tentlaldependsnotonlyonthethepizlnlngStrengthbut

a一soonthesizeolthe,superconductorl13).Thelongltu-
dlna18uxbundlesIZeIl一aSuperconductorisconsidered

tobeglVenbythelongitudinalelasLICCOrrelatjonlength,
L44-(C44/aL)1/2-(Bar/2qFLoJco)I/2,､VhereC441Sthe
ti)imodulusandαLIStheLabuschparameter.Ifthe

thlCklleSSOrthesupercozlductingreg10n,a,issrnallertha･n
tJJ,UoisglVellby(13l

Uo-雪 競 群 , (2)

､vl-ale92isthe｡umberoffluxoldsHlthenu又bul一dlealldis
detelmmedbythecondlLionofmaxilllumCtlticalcurrent

dcl-S･tyl14】Intl)ecaseofdlalgerthaIIL44,UDlSglVen
by

Uo-# '3'

Wlth川 thel･angeSOfrr)agrLetlCfScldandtemperaturefor
theanalysis,92iscalcu一atedtobesrnaHerLhall1lJcnce,
weuseLhcminlmul¶Value,92=1,1ntheann)yslS･

OntllCOthellland,thecollLLlbut10nf10m tllenuxflow
IS

gⅣ - 0; J≦1,

=pr(J-JcD);J>1, (4)

wllerePTlSthe8uxflowresIStivlty flereweapproxjmate

thatthetotalelectl･lCGe)disglVellby

E-(E(2,+Ek))/2 (5)

T111S)eadstoE(,for)<1andELFfol･J≫ 1.SinceUo
andUareexpl･eSSedusingJEo,thecurrent-voltagecurve

ca･nbccalcu)abedwhenJcoIS伊Vel-E5】 Weassumethe
foHowlllgteJ叩eratureaLndmagneticRelddependencesof
Jco･

JCo-Al.-(妄)rB7-1(1-訂, (6,

WhereA,m〉7and6alethepln."一gParameterS･

ItlSCOnSlderedthatthefluxp=一nlngStrengthlSdlS-
tributedil一I)raCtLCalsupe)-COndl)CtOrSl5】Forsimplic)ty,
､veassl‖T)CthatonlyAll-(6).sdlStl･lbutedHltheform:

･(A,- ]{expl-幣 ]･ (7,
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FI菖4Exper"T･ental(opensynL,ols)andtheoret･cal(llneS)resuLts
orcrltlCalcurrentdel一Slty

62;0.70 Ac=1,0×107
<A>:1,0×1012 Ao;7.8XlO

10AITI=3.82XlO9:I..m'

=1.20ulO6 108 1010 1012 1014

AFlg5 TwodlStrlbuLIOnSOrA SoILdatlddashedllrteSa
rethedLStrlbut】onsg･venby(7)and(9),respect･

velylVllereAtnisthemostplObablevaltLC,IllSaCOl
lStantdetermlnedbythecondltlOnOfnolma)l之atlOnal-do1

2lSaconstalltrCpleSentlngthedcgleeOfdcvlatioll･Thel
l,theelectrlCGcldlSgl

VenbyE (J)-∫ Ef(A)d

･4 (8)TheparametersusedintllellulnellCalcalculat1

0maleshownHlTableIl921SeSLlmatedat40Iくandl･5Ta

ndas-sumedtobeconstal-tforsimplicity･TheI)=mH一g
Palam-ctersandq2aledeteLmllledsotllatagOOd飢 isob
tainedbehvccntheexperimelltal alldtheoletlCal Valueso
fttlecrltlCa･lcurrentdenslty TheclitlCalcultelltdenSlt

ylVaSdeRnedusingtlleelectric鮎1dcr!ter10110f1Oxlo
llV/mFigure4showstheresultsofcntlCalcurlCntdellSi

Ly ItsdependencesontemperatureaLndmag)1etlCfie)ds
eemtobeapproximatelye･T(plamCd.Howevel･,tlleValueofJ
cco1-respondltlgtOJAMamoM-tsto29×109A/m2atB

=15TandT≡26KandlslalgCrt1-al-theexpClimelltall･
eSult･ItlS､Vellkno､vntllatthediStlll)utio1-0fthenuXドll-
1-Ll一gstrengthcat-bedesclibcdbytheWell)ullrtll-Ct101-【15】

TABLEISupercorLducL川名aLndplrLnlnSPa,ameterSuSed川Lhenum
erlCalcalc

ulaいonTc(]く) β叫l(0)(T) pn(Tc)(〃n

m) Am930 34.5 100 382

×109m 7 6 9

2 q280 08 20 10

070Accordingtothetheory,thed)stributionoftheau
xpln-nlngStrengtlllSgl

VenbyI(A,- 蛋 (笥 'n'~le斗 (生計 ']

I(9,whczem/lStheparamCteldeterrnlnlngtheshape
ofthedlStrlbllt10--,AoISaSCallngfactorroughlyrepres
entlngthewidthofLhedlStrLbutlOnandA{istheminlmum

Va一ueofA TlleSeParametel･SaleChoseJISOaStOgetag
ood6tbetlVCerLthetlVOdlStl･lbutlOnSHere,thetwodlStrib

utionsofA arecomparedinFlg.5. Itturnsouttha
tJc=7.6×106A/m2estLmatedatB- 15Tand

T=261(from AcisclosetothecriticalcurrelltdensltySho

lVninFig.4.Thus,thevalueofAmassumedhereseems
tobereasonable.Hence,thenumerlCalanalysISOnthecur

rellt-voltageculVeSath)ghcltemPelatuleSISCa111edout
usIJlgtheabovepal･ameterS Themagnet)Cfieldabove
whicht44becomes)ongel･tllana=10/Jm lSB=1

19TatT=20 TくalldB=44TatT=4

0Tく.IV.Dlscu

ss】oNFlgul･e6sholVSthescaledresultornumeriCally

calcu-latedcurvesatB - 07T･Thescalingparamete

rsob-tall-edfromtllenumericalaI-alysisal･eTs=30ⅠくIJ
'=20andI- 41 CompallngtlleICSultswlththe
datalnFig 1,lt)Sfoundth九日,llC SCallngSarcSlmllaral
thoughthescallmgpala･metelSareSliglltlydlfrclent.Theob
tainedstatlC a･nddynamlCCliticallndlCeSareCOmParedwl
ththeexperimelltalresultsHIFigs2and3,respective)

y.ThepreSerlttheoLetlCalanalysisexpla.insapproxirnaLte

lythesmallIValuesandtherelatlVelylargeL,Values.

Theseresultsdonotaglee､VithtllePredictionohheglass-
llquldtransitiontheoryforhvo-dimenSio)lalfluxoidsyst

em EsIpeclallytlletooSrnal)zISSpeculatedtobecau
sedbythelargedevlatiol-intlleplnnlngStrength. hl
Flgl7thetranslhonllneISCOmPaledbetweentheexperi
mentalalldtheoreticalreslllts.TlliSalsosllOIVStllattlle

agree-mentisrathergood ltlStObenoted,thatthes
calingofthecurrent-voltagecurvesISnotPerfectforbo
ththeexI)erlme]ltalaztdtlleOretlCalresults.ForthlSreason,

lti5col.SldcICdthattheRuxplnnll一gStl･ellgthisvery､
videlydistl.ibuLedinthlSSI)eCilllen ThisspcculaLIOltseems
tObeassociatedlVlthabroadtlanSltlOnCurveOfsuscepLlb

il)ty･floWeveL,theaPP10XlmateSCalil-gOrtheCurrellt-v
o一tageculVeSObta川edflOmthemeCllanismoffluxcreep

and伽lVseemstobcattlibutedtothedlVelgenCeOfsomeco

rrela-tiol11cllgthatthetral一Slt10ntemPCl･aturC)Tg T1-ecor-
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JIT-Tg)2rFlg6CaLculatedsca･ledcharacLerlSLlcsatD=07

T20 40 60TtK) BA3g

Flg8P川n"6forcedensltynOrmalIZedbytllemaXlmumValue

vsmasneL,Crteldnormal.2redbyB書1 TlleCurrent
-VoltagecurvesaleaPprOXlma.telyscaledonhvomasterculVeS.floWever,thescalinglSnot

perfecL ThlSSeemstObeascr)bedtobethewlddydi

strlbuLedinhomogeneltyOfthespcclmen.2 ThescallngO
fthecurrent-voltagecurves,thetwocrlticalIn

dicesandthetransltionlllleareaPPrOXl一matelyexp

lalnedbythenuxcreep-flow mode) EsIpecIally,thed

ynamicCl-1tlCalIndexlstoosmallinsplteOftlVO-dimens)on<JnuxtinesThlSi

scausedbyttleH-110mOgeneOuSdlStllbutlOnOfI)"111111gStlength

REFERENCESF.g･71Experlmental(opensymbots)andLheoretrcaI(,ol･ds,mbols) ll)M P･
A F･sher･PAYS Rev LeLL,vo162･p1415(1989)･(2)D SFISh

er,M PA･F･5herandD A lluse,Pんys Ret･B,vo143,p130(1991)I3)S.N Copper5m)
Lh,M InulandPa.Llu lcwood,PhyJ RCt･Le比 .yu164.J,2585(

1990)t4IT･Ma
Lsush･taandNlhara,Proc7LhJ山 Wo.･七B/LOPOnCnL-leaLc-
▲.Te.LLS17日T･7,e,tO.ILLl･CloTS(WorldSclCnLlfic.SlnSaPOre,19

94)pt69(5】T MaLsL･Sh･ta.T rrohdol-a-1dN lhara,PhySleaC,vol259

,p321(1996)【6】M )く･uch･,lくNosuch･,T Mat5uSh,ta,T l(ate,T-HlkaLaLand
KSato,ALLIJtnSILPe7YOTtdlLCLtvtLy(Spr川ger,Tokyo)VIl

I,p615(1996)(7】H･Y
amasak･,K Endo,YIMaLWaLar･,S]くosaka,M Umeda,SYoshidaandI(ajimura.ICEErT･8

7tJAppL･St･ptT印TLJ.vol5,ド1888(1995)r8】H.Yamasakl,tくEndo,SKosakaandM Umeda,PhyJ

IZet･β,voi50,ド12959(1994)[9】Y Ma､v
atar1,llYamasak..SKosakaandM Umeda,CT甘0-9e711

CS.VO135,p161(1995)LIOJY Ma､vataH,HYamasak
La一一dSKosaka,lEEET.la.tS 押̂ES叩 eTCOILd,〉ol5,p 1305(

1995)(川 A M CampbeH,I PhysC,VOL4,p3186(L971)[12I
M Kmchl,SE OLabe,T Matsushlta,T Kato,T.日lkataandI

くSaLo,F'hyStCaC,〉ol260,p177(】996)E13)N.lha'a,T MaLSu5hlta,PhysICaC,〉ol257,p22
3(1996)-[14)T.MaLsushLLa,PhysIC¢C,vo1217,p461(

1993)[15IT･K･ss,T Nakamura,H Takeo,K Kuroda,Y Matsu
moLoandF Ir】C,IEEE 7hTLS p̂pLStAPeTWTLd..voI5.p 13

63(1995)resuJLsorLransltlOnlI(1erespond"lgCOrrela

tionlel一gtl=vl11beLl.≡ (CII/αL)I/2ilo"gthedlreCも10
nOftheLoIC)lizfoICe,WllelCClllStheunla/{lalc

o1111つIeSSIOllmOdulus SlllCeαLISPrOpOZ-tlonalt

otl-eplt-n.ngfoICedcnsiLy,Fp1.fweassumethescat"一

ghwasF,咲 (l-B/B̀ )6'11.thevIClllltyOftlleもra-

1Slt10nline,WehavetU cK(1-B/B̀)~6'/2 Ttl.Smeansthat

thetemperatuledependenceoHlllSglVCnbyI..α(l-T/TS
)-J'/2nearTS･TlluS,61/2cor.espondstothestab)ccrltlCal

mdex,V･ Thescall1-gOfthepHトnlngforcedenSltyis
showninFIE 8 FrollltlllSresultweobtaln81-54andJ,=2.71Sexpected TlleStatlCCl

lt-lCalIndex,L,,tak
esabout2･7111therallgeOf38Ⅰく-501く(B<0.7T)fol.t
hemeaSlllCmentinFig 8 1ti5foulld,therefore,thatthestaticcrlticaHndcxca


