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We haveinvestigatedtheoreticallyandexperimentallyaneweffect— theformationofatransportcurrentcordin alongitudinal
acmagneticfield. Thesizesof thecorddiminishedwith field amplitude.Whenthecurrentdensityin acord reachesacritical
value,thesampletransitsto aresistivestate.

1. The electromagneticpropertiesof HTSC ce- the azimuthalcomponentof the current,jo,, was not
ramicsareknown [1—3]tobedescribedperfectly by equalto zero.
a critical state model [4,5] in awide rangeof mag- Theother,morecomplicated,situationtakesplace
netic fieldsH~102 Oe. In accordancewith the pa- whenthe supercurrenthasseveralcomponents.For
persmentionedabove,the magneticinductionB in example,if thecylindrical samplecarryingthe trans-
a sampleis definedfrom thefollowing critical state portcurrentis insertedin anexternalmagneticfield
equations, parallelto thez-axis, bothanaxial currentj~andan

azimuthalcurrentj, will appear.As amatterof fact,
c rot8= 47t/Lj, (1) insimilarcasessomequestionsarisewith respectto

the applicabilityof eq. (2). However,analyzingthe
i ic (B)E/E. (2) processesofcritical stateinstallation,wecametothe

conclusionthat eqs.(1), (2) hold true for the mu!-
HereE is the electric field; j is the currentdensity ticomponentsituation.A considerationsimilar to
averagedover a volume containinga largenumber thatin refs. [4,5,1] led us to the result thatdue to
of grains;j~(B)is thecriticalcurrentdensity;jz is the theelectricfield thecritical currentdensitybecomes
magneticpermeabilityof the ceramicswithout in- parallelto the E direction in a shorttime.
tergranularlinks; c is the speedof light. All conclusionsof thispaperarebasedon eqs.(1)

Thecriticalstatemodelinitially wasproposedand and(2). It will be notedthatall resultsconcernnot
usuallywas usedfor analysisof the situationswhen only HTSC ceramicsbut alsoothersuperconductors
the supercurrentflows everywherealongoneof the in the critical state,in particular,the usual“cold”
coordinateaxesonly. For instance,in ref. [1] the superconductors.
distributionof thetransportcurrentin the crosssec-
tion of cylindrical samples(the currentwasdirected 2. Important consequencesconnectedwith the
along the cylindrical axis z) was investigated.The currentandmagneticinductiondistributionsinasu-
magnetizationcurvesin alongitudinalmagneticfield perconductorfollow fromformulae(1)and(2). Let
werealsostudiedin thatpaper.In thelattercaseonly us considerthe situationwhena fixed direct trans-
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portcurrentI flows alongthe z-axisof acylindrical into the resistivestate.Theappearanceof a homo-
samplewith radiusR. If thecurrentI is lessthanthe geneouselectricfield E~in asampleleadsto atrans-
critical currentI,, thedistributionofthe currentden- portcurrentflow throughthewholecrosssectionof
sity versuscoordinater hasthe form shown sche- thesample.Following (2) thecurrentdensityis de-
matically in fig. 1 a. Let a magneticfield parallelto scribedby
the z-axisbe switchedon. In suchacasean azimu-
thalelectricfield E,, arisesin the surfacelayerof the ~ E~ (3)
superconductoraccordingto theFaradaylaw. This (E~+E,)”

2~

electricfield producesacurrentj,thatwill screenan
externalfield H( 1). It is extremelyimportantthat 3. In theframeworkof thecritical statemodelone
there is a q’-componentof the electric field in the cancalculatethe dependenceof the magneticfield
sampleonly. Thefield E~will beequaltozeroaslong H~on the transportcurrent.Using theKim—Ander-
as the transportcurrent densitywill not exceedits sonrelation [6,7] which takesinto accountthe de-
critical valuej~anywhere.As consistentwith for- pendenceof the critical currentdensityon the mag-
mula (2), anazimuthalcurrentj

9,existsin thewhole neticinduction in the form
region wherethe externalmagneticfield haspene-
tratedwhile thecurrentcomponentj~is absenthere. j~(B)— 30 (4)
Thismeansthatthepartof thetransportcurrentthat — 1+ I BI /B*’

hasflown in this region in the initial state is dis- we obtain thefollowing relations,placedto deeperlayersof the superconductor(see
fig. ib). H~=H0[l_0.5(I/I~)2~l3] , ‘<<IC,

Thecollapseof thetransportcurrentwill continue
until the externalmagneticfield achievesits thresh- =H~X3—”

2(l —i/Ia) 1c —I4~1c. (5)
old valueH~.At thismomentthe currentdensityj~, HereH~is the valueof the externalmagneticfield
becomesnonzeroon theaxisofthecylinder (fig. ic). whenamagneticflux reachesthecylinderaxisin the
At H(t) > H~the transportcurrent densitybecomes absenceof the transportcurrent.In themodel (1)—
higherthanthe critical oneandthe sampletransits

(3) thisfield is equalto

a) b) c) 1.2 -

H=O H( H, H=H,

1.0~H 0.8
Br R r Br NO.6.

~II0.40.2B r B r B r 0.00.0 0.2 0.4 0.6 0.8 1.0 1.2
Fig. I. Schematicdistributions of currentsj~(r)andj,(r) in a Hi /Hp
samplewhenthemagneticfield hasbeenswitchedon beforethe
transportcurrent.(a)—(c)arefor differentvaluesofthecurrent, Fig. 2. Calculateddependenceof the dimensionlessthreshold
changingfrom1=0to I=I~(H). current1,/I,on thedimensionlessm~neticfield I1,/H~.
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H~= (8,tjoB”R/c1u)
1”2, (6) field doesnotdependon the pre-historyeither.The

reasonof sucha distinct contrastbetweenexperi-
andthecritical currentvalueis givenby theformula ment andtheoryonecanunderstandtaking into ac-

4 = (2xj
0~cR

3/3~)”2. (7) count the nonequilibriumnatureof the supercon-
ductor’scritical state.Let us,forexample,first switch

Theplot of He/HP versus1/4 is presentedin fig. 2. on thetransportcurrentandthenthemagneticfield;

the correspondentdistributionsof currentsJ~andj,
4. Fromtheaboveconsiderationit follows that the are shown in figs. 1b, 1 c. The small fluctuationsof

spacedistribution of the transportcurrent in the the electric field E~,which exist alwaysin the non-
presenceof thelongitudinalmagneticfield H~hasto equilibriumstateof superconductors,leadto theap-
dependon the orderof their switchingon. If oneap- pearanceof the surfacecurrentj~in correspondence
pliesthemagneticfield toazerofield cooledsample with (2). This meansthat in the fixed currentre-
beforethetransportcurrent,thecurrentdistribution gime a re-distribution of currentstakesplacein a
will correspondto fig. 3. Let us note that whenthe shorttime. Sothedistributionsshownin fig. 1 trans-
supercurrentJ~4 isput intoa sample,thescreening form to thoseshown in fig. 3.
currentj, is locatednearthe cylinderaxisonly and In accordancewith this consideration,it takesa
becomeszeroat1= I~.In theotherorderof switching ratherquick changeof H( t) to observethe scenario
onlandH~thedistributionwill havetheformshown of transportcurrent collapsestimulatedby a mag-
in fig. 1. In thelastcasetheappearanceofthescreen- neticfield anddescribedin thesections1—3. In other
ing currenton thesurfacelayerof thecylinderis fol- words,the inducedelectric field responsiblefor the
lowedby a displacementof thetransportcurrentdeep displacementof the currentI deepinto a cylinder
into the superconductor. has to exceedconsiderablythe fluctuating electric

In spiteof all our expectations,the resultsof the fields. In fact, the collapseofthetransportcurrentis
measurementsof the z-componentmagneticmo- experimentallyobservedwhenan ac magneticfield
mentby the vibrationmagnetometerappearedto be H(t) oscillateswith a frequencyof about several
independentof theorderofswitchingon currentand hertz.
field. Thecritical valueof the transportcurrentde- In the presentpaperwe studiedthe critical state
finedby the four-probemethodat a fixed magnetic experimentallyon cylindrical samplesof yttrium

HTSC ceramics. The sampleswere 0.5 cm in di-

a) b) c) ameter,hada lengthof 4—5 cm andwere cooledby
1=0 1(1 (H) 5=1 (H) liquid nitrogen.Foreveryfixed I wedeterminedthe

3, valueof H
0 which correspondsto the resistivestate

______________

H transition.

___________

___________ H In fig. 4 thisdependenceis shownby asterisks.It
is practicallyinsensitivetothe field frequencyin the

___________ ___________ ___________ range 10—I04 Hz. In fig. 4 the theoreticaldepen-
R r B r R r denceI versusH0 is presentedalso.In orderto plot

the theoreticalcurve we mustknow the parameters
3 H~and4, which are definedby eqs. (6) and (7).

However,we do not know well the Kim—Anderson

parametersJo andB’~suitedfor our samples.In ad-
dition it iswell knownthateq.(4) doesnotdescribe
thecritical currentdensitydependenceon induction

B r R r B r in high-Taceramicssatisfactory.So, we took the pa-
rameterH~from the experiment.ThevalueH~= 50

Fig. 3. Schematicdistnbutionsof currentcomponentsj~andj,
whenthecurrenthasbeenswitchedon beforethelongitudinal Oewas definedby the methoddescribedin ref. [81
magneticfield. (a)—(c)are for differentstagesof thefield from (seealsoref. [9]). The valueof 4 in thetheoretical
H=O to thethresholdvalueH=H,. calculationsis chosenin sucha mannerthat the cal-
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o ing valuesof I(H0) elsewherein the region0< H,

H, H0> H0. Here,dueto thecollapsein anac field,

thetransportcurrentequalszero,while in staticcon-
ditions the superconductingtransportcurrentexistsH0<H0 (2) the main differenceis observedwhen

o u’ even in a field higher than 10 kOe.
N

So one canunderstandthe observedsuppression
of thecritical currentby anac magneticfield, in the

— öü frameworkof the critical statemodel.The acmag-
Ho, 0� neticfield displacesthe transportcurrentdeepinto

o the sample.As a result, a currentcordhasformed,
of which the radiusdecreaseswith increaseof the
amplitude H0. The sampletransitsinto a resistive
state,whenthe critical current densityin the cord
reachesits critical valueat H= H1.

o ,,,,,,,,,,,,,,,,,, It will be notedin conclusionthata greatnumber
0 10 20 30 40 50

Ho ,Oe of papersaredevotedto the problemof interactionbetweenthe transportcurrentandexternalacmag-

Fig. 4. Thecurrentcorrespondingto theresistivestatetransition neticfields (see,for example,refs. [11—16]).How-
versustheac magneticfield amplitude:(s) experimental,(—) ever,anothergeometrywasstudiedin thesepapers
calculateddata.Thecurve on the insert representsthedepen- — the external magneticfield wasorientedperpen-
dence4(H) in staticconditions. dicular to the current.As consistentwith this, the

treatmentwas statedin one-dimensionalform.
culated curve should pass near the experimental
pointsin theregionoflargefield H0. As shownin fig.
4, the theoreticalcurve lies nearthe experimental References
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