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OIAGWSTICSffA HI#iU%UENTCAPILLARYDISWUWE

0. R.Kmia andL.A. Jmes
LosAlamosNatimalLaboratory
LosAlamos,wHexico 07s4s

We havestartedtoinvestigatethehottise plasmasformedbypassing

a largecurrent(I> .100kA]throughsmalldiameter(iO-25@ largeaspect

mtfo capllla.rfes(length/dianmter>> 1) ininsulatingmaterials.lheini-

tialinterest. in such a device as a p18smasouicswasprovided by

HcCorkle.lInthispaper,wewilldiscuss1]severaltheorieswhitimay

providea descriptionof theoperationof thisdevice,2) theexperimental

dssign(powersource,capillaries,anddiagnostics),and3) theresultsof

ourpreUmfnaryexperiments.Thesepre+nary experimentshavedemo-

nstratedthatwe candrivelargecurrents<“1> 105A] throughsmalldiameter

capillaries[d= 10W) andgeneratea plasm thatproducesx-myswith

energiesgrea&r than1 keV.

THEmY

Severaldifferentmodelsmaybeusedtodascrika dischargeina very

smalldiametercapillary,WewillSriefJymntionthreemodelsthatmaybe

applicable.Althoughit isnotclearat thisthe whichmodelbest

descritwthepresentexperiments,it isevidentthattomaximizethetem-

peraturegeneratedin theplasma,me shouldselectsmalldiameter
capillaries.Inthefirstmodelthecapillarydischargemaybedescribed
as a scaleddownversiunof theclassicZ-pinchwherea plmna isgenerated

alongthewallsof thecaplnary andi@oded by theLorenczforce.TheZ-

pinci-I mdel Lnpligsa decouplingd’ theablatedwallmaterialwhichformsa

plasmsonaxisfromthecaplllaxywall. Tominimizetheammt of material

hedwd andtomaximizethemsgn&ticField,e smalldiamatexcap!Uary

shouldbeused. A secondmodalbyMcCorklelproposesthatina small

diametercapillaryonecanuse‘h in?’ensepowert’J.uxi@nging qmn the

wellsof thecapillarytodeooupletheinterior(blowoff]plasmafromthe

Wd” S M thecapillary.Thekeyis tokeepthearea[diameter)OF the

capillarysmallso thutthewallloadingislargetominimizethetlwrnal



coupling.finally,onemayextrapolatetheworkofJones,et.ai2 on

““laserinitiatedZ-pinchesingasesto thesolidcbwityregim. Inthis

modelthecurrentcarryingplasmacolw expandsIntothesurrounding

med+a.Againto limitthematerialaccretedoneshouldselectsmall

diametercapillariestominimizethemasstobeheated.

EXPERIMENT

Ca@llariesmustbe formedinan insulatingmaterial.Thegeometryof

theinsulatormustprecludethecurrentfromfollowingpathsatherthan

thraughtheqpillary.Thecanflglrationfor“theinsulatorisshownin

Fig.1. Thecathodeispointedtoenhancetheelectricfieldin the,regfon

of thecapillary.Thecathodepointandanodeprotrusionmakethesystem

selfaligningto theaxiso? themachineandthediagnostics.The

capillaryis isolatedby“O-ring”sealsfromtherestof thechamber.,

Vig. 1. Ttx/lnsuJ,atQPconfigurationusedinthepresent
Bxper.tments.Thepuintedcathodeprovidesfield
enhancementixguidethedischargedownthe
capillary.Thoregionmdxsidetheinsulatoris
filledwith~(.jto hlpNlVt3 theVOliX4~13 holdoft’
characteristicsQf theinsulator.
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Fig.2. Thaloadandof thssxparimmtsincludingfits “. . . . - -.
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llESLLTS

first expsrimnt w hstratsd that w could succassfhlly
in m ,ns thrcnqh a polyethylarm Cs@lhry [25 w hithl
No x-ray datawasdtsineda thisshot. Wa subaaqwntly

m 13dyemyum capillary. Ths currmt P38ksd at 135Idlmd

by8 hrsakdownfn6isactfcnof thsin-lhsswitch.Agrssmont

wasdtalnedbstwsm the currmt tiliversdto thsloadmd to thech~r,

i.e.,allthamasuredmrrsntf’lowsdthrqh thsoapillary(ss8F@. 3).

fifjurs4 shOwS ths M-my data obtained m this shot. lb siqmh ?rcMII

tha qm and65 ~aw2 f’ormvarchannsls rosa quickly off scala whsn ths
currsntinitiatedtiilsthehi#iaremrgy tils [8 w Al and 12 w =)
yielchd a m-ma signal latar in tlms cuulrose with ths cummt for
fmarly 200 ns. lhese chanmls am aensitiva to @0t0n9 with tmargiss
grsatar than 1 IWO This may fmiioate thatthsplawa ishaatfrqmlibr

gruwingw?thtfm. Usde thatno sarly phm of x-nays, such as hoso
dssarved in axploding wlrm and laser Initiatad plnohss t is dxiiervd.
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Fig.3.Currentandvoltsgemeasurementsm 10 m poly-
ethylenecapillaryshot.

Fig. 4.

‘CIMR (n*]

X-raydatafrom10Vmpolyethylenecapilkry(same
shotW Fig. 3]. Thesoftx-rayd-mnels(opqnand
65~g/cc12formvar) quicIclyriueorf’SCPle~ile the
hardx-raychannels (12IMII9sand8 m Al)which
lockat x-rayswitheriergiesgreater than 1.0keV
risefornearly200ns,
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CONCLUSION

a scribedcapillaryshowedstrongindicationsofpreferen-

alongthesplit.A pinholeimagewas obtainedon theshzIt

ofaluminum.A smallplasmawasproducedwitha diameterof

Wehavedemonstratedthatthin(10-2S~m diameter]capillariescanbe

fabricatedinsuitablyconfiguredinsulatorsforuseinpulsepowermachi-

nes. Largecurrentscanbe usedkcheatt!!ese

photonswithan energiesgreatert’inan1 keV.
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