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INTRODUCTION
Prior to the bo~nning of tko Pion@cr I shot

●erian of tha Lo- Alamoa National Laboratory TSAIL-

MASTEH project, nume~oun Computat ions 1 ●imulmt ions w r.

run to provide ball-park eatlmetem for the electrical

current- nni voltagea in the circuit, the timing of thm

implosion, the kinetic merev. tompormture, and

radiation output of the load. The purpose of those

calculations wafi to provide Euldance in ●attlnn th~

timinRm of Lho variou~ switchtin within Ihe circuit and

to ●stabliah oporatjng ran~em for the variouc dlagnoa-

ticm.

[n pcrforminR these caiculsrions wm have relied

primarily on a fully implirlt one-dlk.nmional lagran-

~ian MHD code dcvwloped by Thomn~ oilphdnl nf tho

Thvrmonurloar Applicntlonm firnup nt 1.0s Almwn. Thin

codu provldoc us with n v+rv uophintjr:lted alectrtcal

rirruii simulation cnpnhllirv am boll an the abllitv to

nlmulnlm the imptodinR piaamn load a,- a zorm diwn-

mionll mluR dnd ● mne dimi.nainnal ❑v~trir ryllr+er.

TII provldr an pmtimatv ot Lhr mtal,llitt of IIU’I Iap]Id-

IIIti plnnmi w- havr UEO.I m heurlatlr ❑OIICI ot MRnPIi-

I-ml Iy drivvn NnyloiR1l-Tavlor Inninlll III ios In Ihv r.1.rm

dimrnnionnl SIUE ●imulmtlonfi,

TIIE F..l’lVAl.l!hT H.FrTttl(-Al (.lltI:ll[T

Tl,r [.ql,lvmlmnt c.li.I.11 !I.ml rlrruil un~d fur Ihr

I,lmnmwr I pImmIUI rmIrulm I Innm [n ❑hIIWII III Fi~. I . TIII

,- flpm..i I nllr,. . Iw.nlnl 411CU. find Indurl nm~ ~. I hnl arr mhowII

on 1111* i lrnl binnrh iIIr ml I p,lrl ml 11111 rail.lrll Ill Ilillll

ISI II(II AIII hm [:nnwon IIIIIIE inrllllv mlul !11- r.ltlll,m

I hnl nrm I I.IIUIIOII 10 cUIIIMSrI t ht. IMIIIk I I. I ht. vHIIl,INIvc.

dI iv~u I}lnlw rm..mu.lntut . Th#. I Iwv ,Iwlu.nalm.:11ri.xlm~or

nhnwu Un vurl it-ml lll..l IPII #l Ivllra.mvall fi n rllnwllnl 11-(1=

! II.. ~l. n.. I ,1,mr, In 11{11 Inlrul.11 11111 IIIIH li.lll Plcl I d,qln

1109 II V1.IV Illpll vnlul~ Iu zrILl Ill I 1111hfJ :In .lIlol

III ❑ ri I IIF. I hf. IllmrlIm Hi. CIt I ho rnlin{ 11111 Im,lk. Al 11,1,.

1 imm I h!. n., od aUIII vIII III thr F,..IIC*I,II III III I,? MA III

Hnorl rt~lomnonl wllh uxlwrl~milt ,

Thw I I- [1,.I,,SIIIICIIII IIIIIu,.1,.I Ill Ihv lna.m.1111.l111111/ ,11.

Inl 1,,,,,,,1, ,,1 I I,,. , [,,.,,11 1“ II,- I ~ Ii I,q,,.:,.1,1,11 flllx

a mmpla.hnlnnn R4.41~.I nl or. TII I- II ImnI.nl 111111. 1110 rndII

I ln~.nu Ir inlvrpmlnlvm h~lw#.vII vnl,fia.,. III nnl:ttm III

UXIM.I I mI.111ml Iv dol 1.191110d In.lut I JIIWW.mIIl I Imvs,, rhO ●..

vnlumm mlnll I n! J(I{I nll lnd II IUIII10 I’I 1111III 14 VII uf

{ IUS I mmpfrmnlnil AiIIII 16 bn WI. mmfiIImr lhal lhl-

lIIdIIrlmni I. 91.IYn n{ 1% IIH. KmpvOlw.nla lIullI. alw 111.11

t ha. 1,~.hnvin.l m[ I ht. ar Ronc.lniorm II, 111,1 v,.iv I..lI, ,.-

alttirnhlo ml la-l 14 Itm nllhuu~h *nmw rmIl 111111.Iu 1111-IuII.

Iml! 111 14 ‘mIlm.

* Uurh Ii!lpporllwl 11)’(1.s.[ml..

Lqulvmlenf cirruit uned lar ttw

Pionrmr I prp.hot ralcu]atlon.

FIGLIILE I

Th~ rim varving reaiator mhown on thv amrond

horiEonLnl branrh rrprrnmntn th~ carlv rim behavior of

tht plaamn romprrnfiion “donut” openln~ mwir..h. Thcae

VMIUOO alno I-OW frnm oxperimenlal rlnia, in thlm rnnm a

lough mvcrap,o of ai.vr.al tent uhoLs.1 TIM- marlv and

Iatn hchavlnr of III(. annul mwitrn ure ❑rpmrntwl In III,.

cmlculal inn on thml wo ran vnrv tho Iimn or nmpt nt

I I1O ‘into rrnln!ni,tu rlnr 10 ralrulaiv how thin ilmo

hill Arfort IhrI hmhwvlnr of III,. IOInl r~rcui!. Thi~

mIWIIlnE In III(. oponlnr 1,1 IIM. mwttch rnusoit hv f llln~

rho high rIPl[IIIlvw III rrq)tmnn thm planmII. Thim lIIIr

rlmm In 111,. I Imo dollvndr.nt romlnlot mn t 110 r..ru,,d

vorll~.nl lv~ [II 1110 . Irrull. In Ihr promwl,l t.nlru-

Inli,.lln thin rr-lulnnrc. Iinr mlarln [~ 1111U(LOI Iho

●troll ml thw pill.lfllalt .



The current predicted from the plate generator is

shown in Fig. 2. The peak of 10.8 MA i~ probably

snme.what higher th~n will occur in our experiments.

However. experiments involving this generator and

nlalic loads have exceeded 9 MA. It should be noted

that ther{ ia experimental evidence to suggest that

this upeninq Bwitch. when fired, placea a voltage

arrosa the p~nerntor that can impdct the generator

performance. This la one reaaon that we have advocated

firing the opening @witch late in the gensrator =un.

Figure 3 ahowti :ha! this circuit should deliver

nearly 3.5 MA to the foil Ioad in leaa Lhan 0.5 us

(dI/d! - 7.0 x 1012 A/s). The reaaon for firing the

closing Hwitch alight l!! nfter the opening nw.rch in to

allow the voltage to build up acrcaa the openint;

nwllch. i’hifl voltage mrtrkerilv improves t!lc time

d~ri..,.wti\,e ot’ tt{. rwrrortl through the load when tho

clnsin~ ewilch L-IOHCK.

lEIU)-l)lt4ENSl(_)NA;, MOflELING RESIILTS. .. . ..- . ..— —. . . . . . .-. —. .

The zero-rlimensionul model [rea[ti th,, imploding

pl~nm,l n!; a NIu[; wllufIF mnna in equal In I’IP Lotal mans

(11 1111, (1111. Thl# mn~m IH nccolornted hv the forcP of

Ihu mnpllvl it. tield r,iufied bv thi. rurront 110111 the,

oxlvrl ini rirc,l{l , UP ha~’~) fOUnd Lhnl lhit? ()-t_I ❑dt.1

pivwn v(.loriIi{.14, nn(l II VIIVP kinul ii. vl)orp.ion nnd

ill(lurt .,rl(.i.. , that unrvu quilt WPII with {}ur 1-[) ❑ , Iel.

~l~ult. 4 nhown !h{, klnrt ic rent. rrv (,( (h?, Implt!nlnp

Ill;lnm,l t.,tl(lllfilotl I]\, tlli:, ()-l) mnlli, i , Ill!, 1.1111.111111loll

Is IP1-millult,tl Wh(. n 1110 imlllo~l{lll 1{.ncllwn n 10:1 1:11 10

(111{. liltlluN 14.111111.N (), { :.m). !;(mil(lr mn(lrllnr {.fl[lrlw

:1! t Ill, Al 1 Fill (.(, tii, NlulntI l..ll!t)r:tt (II v iIIdi(. m I, I 11:11 I hi H

!1-1) ,. Iml, 1:11 1(111 Wi I i f)rnll:ll) l\, Ill lWII{-I !(1(1 lnlll,ll !JIlll.1 If.

VIII. I rv, 11~.rlINIIK IIv ,an murlu .,:1 in f.lt,lol 01” Iwo. Tllw

Ill Illc[lllll I,!, ;ln(lll f III I lli14 .Ii!lrl’l.llull( $’ it! I II() II! volllll -

ml, lll ,1f innl;~lllllliwn. T{, mlllimlr.~1 !Iit,o{, lhllIln-

111I II !!.11 WI, Il,lvc. Ml I omlll P(I If, Iimll I ho IImo (1[

iml,ionl(tn la) 1,.un lholn 1).’- 1111. lIIIM I Imtl dll.lxlt,{l Illi,

t,:lt,i,.c all n ;J()(l nm I Ill, h, I (M l;l(IIuu ttlllminum Ioi 1, Wt.

lln\, #. Ultl.11 :1 lit! II 11,1 i{. mtl!i,,l 111 m:tplit.1 l~xllv (11 l\,c.11

M.4\ I{,irll. l.l\ I(,I iit~llnl,l 111 I,*N d,~t,vl[,l)~.(1 Itv Ni)(li.ri{.h nnd

11,,,1.1,. v” 11) I,x:tmlllo !110 4 (11,(! n (tf I,ln!nllllilv wJ,\,t.-

1,,111,111 till Ill{. Illt,tm.11 i~:tl 11)1! I lm~rl l!]! t)ill I,lnnrnn.

1111.1:1. rl, llwll ,1 11l,. ,,how’1, Ill 11~. ‘1, TIM* 11.11111111ill thin

f[vlllt, il, 111 Ill’ !,, ,,V,II,I (), , ( n! W:lvl. lollp,l II Iwo! Iul -

II-1 Il)lln Ill tltlr 1,11,,1 1,,11,

(lNk II IHEN:; I(INAI. M(IIII,I. INI; Mt’:illl,”l’!~

W,* Il:lvt. una.gl 1)111 ~tll~. (Ilmo.ab;ul,bll:ll Nlmul. tl Itlf.n ~bl

I 11~, lm,tl,itllllp l,lnnm~l tii VI,! IJt, t lm:~t(.,. Ill 11111 l,lnnmll

I !Ilnl,,,l ,41 tl la., Ildllil Iltll (1!1{ Ilul . 1!1111I Ill, I.xll,lll Ill whll h

I III. II III IIHIII 1:1 ilI I Ilt.tm,lilvtl,l,,llf tIIIIIl I Il)l,ltlm, lb..

I 0111I :11 itut, I I ,,18,11uB,I l,qa.k,lpam Ilttassl ill I I,a,n,. t 8114111,11 11s11:1

In :1 1111111[11,111 :llllll(l\ imIll Illtl,
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The zone set UP and time rate of change of the

zone boundary radii are ehown in Fig. 6. The 10:1

implonion ratio in reached at 54.16 pa, 0.59 pa after

the closing switch begins to close. Beyond this 10:1

point we don’t trust 1-D oimulatiortn becauae we would

expect irmtabilitiea to dominate.

Figure 7 shown the calculated tcmperaturea.

Roaseland mean opacity values indicate that the planma

is optically thin until the pinch occurn. Therefore,

it is radiating energv nearly as faat an it io adding

energv throl,gh Joule hearing. “Thin explains the

relatively constant temperature until pinch.

PIONEER I-2——.
One-dimensional calculation ha\,e been made to

compare wilh the results of th.. auccossful Plnneor 1-2

experiment. These calculations uned as inpwt the

moaaured current that reached the load in thi~ e~peri-

❑ent.s The calculeterl impluaion in nhown in Fig. R.

The timin~ of the impln~ion agrcen with Lhc, ob~ervod

time 01 the pinch and asnocisted rarliatinn P!!Iuo. Al u<>

tntcrofitin~ i~ the fact thn[ thn calculated maximum

penk nern by the n-ray delector that wnn eul. tor the

‘)-l? eV plnnmti Lemprraturr range.

If II IH annumuri thn( thorc. in no rraintlvv

rum[,nnen! 111the mcanurtd voltnge acros~ thr ]ond. thrn

H t.lmu rlepenrlenl Inriurtnti,.,. r~:n h!. InlrIIlaIrrl hy

IIl\FidlIIK thr Inutnntnneown mennured rllrrcnt Inln tht.

Llmv fntvfirnl ot Iho ml,a!l!lrl.(! vollnp, t., ?rnin I lICfIIB

Indtl, I 11111.4.valu(.11 wr ran de[,. rmlnr alI PI 1~.cl lv4. rnrliult

I(II tho Intrl

(
pI ())I.., l..Lln !!———
? w

‘off”
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Kin*tic ●nergy of the Implodinn plaama

calculated with a f+D slug model.

Figure 4
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Calculated implosion of tho plmme loed us!ng
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Figure a
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