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plasma. The I/r mass distribution is a departure from the standard practice of using a

distribution of 1/r2~ and was included as an attempt to generate a different opening posture

for the ITS, In addition, improvements in foil deposition technique allowed us to use a

grndcd foil in place of the previously used cordal wire arrays. In the tesl, 21.4 MA was

gmmtcd in a 79 nl { storage inductor providing over 18 MJ of magnetically stored energy.

‘I”hc I{FF then diverted 16.4 MA to the ITS with a 10-90?! pulse rise time of 1.6 ps.

Syslcrn improvwncnts led to mmmts aboul 7V0 larger than in previous tcsls, and Ikstcr

pcrhmwwc of the tihT, As a result, the N’S rcccived a higher and faster currcnl pulse

[Imrr thal used 1‘ prcshot computations, and the overall perlimnance was better than

rxpccl l!!l atsmuch as 15.5 MA was dclivcrcd [c) the 4-cm-radius load slot with N 10-900/0

ii.sc I imc of loons.” Wc now have H pulsed power supply that is able 10 drive 1 MJ

implosions. iind IIM IIIC po[cntinl [o .scalc beyond 2 MJ with op[imizcxi pcrlbrnumcc, l~or

kinds 111111Cilll opcriitc with lower ifduclmc.c Ik.ls mid Ihal nchicvc higher mu cases in

il]lhl~[illl~~, l(~id cncrgics ill~l)[onching 5 MJ mu powiblc,



storage inductor, the EWF is actuated producing resistance in the switch. ‘1’hc voltage

across the switch also appears across closing switch plates, and the closing switches are

actuated when the desired voltage is achieved. The opening of the EFF diverts cut-rent to a

PFS (7) that isolates the implosion load from the 2-3 p EFF pulse, then commutes current

to the load at or near peak PFS current. The initial storage inductor current is divided

inductively as ilux fills each successive volume. In our most recent test, our slorage

inductor was 79 nH, and the power ilow system associated with the PFS was 23 nl 1. The

PFS gun was 5 nli and switched into a 2.6 nH dummy load slot. On the test, wc

developed 21,4 MA in the storage inductor ( 18.1 MJ) and diverted 16.4 MA to the PFS

with n 10-(X3 0/0 rise ~imc of 1.6 ps. AI this time, 13.9 MJ remain in 103 nil. ‘1’hc l)l;S lbr

[hc tcsl was dcsigrmd to open in a gating action kctiusc the Pl~S pkma mass density varied

as I/r in Ihe Imr!cl where fbrccs vfiry as I /r2. ‘I”!w current pulse was Iargw and ihs[cr [him

cxpcctcd, and ilS it I’csull, [llc PI;S “g;lkd” open whik only 2- 3 CtN down thc 7 CI1l I)ilrid.

‘Islw doW[lSlrCillll switching rcsulls arc cxciling, and will k dcscrihcd here uml ill iillOllW’

l)ill)~~ in IhC CI)IlltIUNX (!+) At ii probe position inside th~ Ioild do[ and ll~i][” IIIC ups([~ilill

~l~(:til)(lth, 15 5 MA Wils dcvclolXd with il 1(I - W) ‘/o rise [imc t)i- 500” IH I’lths ill Ihc

Wnll (it. (hc 4 (:[11

SI1(WVS il I is~’ 1[)

adilis l{~;i(l Vill y illl(l (II”C Sllt)j(!Cl 10 N)IIIC inlcl I)ldillioll ( )Ik [111/(11plobl!

] 1, MA with il io-tN)’%, I“isc 01. ~()() IIS. ( )11 [Iw OIIIC.1” ]Iiili[lq ;I !“iii”ildil~

AI’I)AI{A’I’I IS

( ‘;ill;t[”tf{}r l{; IItk./lll( ‘( ill’l;l’



A Prcxym circuit diagram is given in Fig. 2 and a cross section of’ the 1{1)1)tind load

sections in Fig. 3. The initial energy for a Procyon test is supplied by two 3000 VF

capacitor bsnk modules charged to -18 KV. To shorten the energy delivery time, we

conned the modules in series, dlkdively creating a 1500 ~l;, 36 KV bank. Wc described

our two stage Marx system header earlier (9). Marx header failures during Procyon tests,

however, led us t(} redesign fhc system tc~ pmvidc a high degree Of control cm the

cleanliness and atmosphere mwund the header. operaling prowdurcs now require the

systwn [o be flushed with dry nimogcn, then filled with S1:(, at atmospheric pressure and

arnbitmt tcmpcrnlurc. The capacitor bank is dischttrgcd through the header into [hc 1{1)1)

svslcrn dominated by the 7.2 111I MK-I X gcneralor. (’ont ributing to hctidcr t-ailurw were

wdt iigc rcilvct ions p.cncrnlcd m Ihc inpul 10 thc 7,2 ~LtI inducmrwc. IN lCSISwith sinmlalwl

M(’( 7s, rcllcct ions were rwmrdcd m thc Marx hcmicr that were nearly dwiblc the voltngc of

Ihc two Imdulcs To nllcvinlc this rcllcct ion, wc insltdhd a 4 U resistor illllly UI Ihc inpul

I(} Ilw MK-I X, With liwsc resistors in the circuit. Ihc ringing ol. [hc hciukr voltngc is

ImhIccd ns shown in h’ig. 4 AI Ihnt Icvcl, OUI IICW Iwmlw IUISover a Iiwtor (}f Iwo wdhly

m:ll}!ill



exact value for L~to, but we are able to deduce the effective value from currmt transfer

ratios. On our recent test, a value of 79 nH is obtained for Lsto, which indicates !ha! the

field has increased the circuit volume substantially. In addition the frtx volume at the end

of the MK-IX allows the HE pressure to be relieved, and causes the armature to be retarded

somewhat. The storage inductor for the Procyon device was designed carefi.dly to avoid

problems associated with high pressure magnetic field eff&cts. Current joints arc designed

such that pressure brough[ [o bear by the joint bolts equals or exccwls the magnetic

pressure. In some cases material strengths are exceeded, and an et~orl is made 10 provide

inertial confinement for the time scales of interest in these cases, In the storage inductor,

material strcng[hs arc excccdcd for approximately the last 35 ps of the pulse.



nction inlcgml. Ncvcrthclcss. inordinate losses were not cncountcred, even at thc cnd oft hc

current pulse. .W wc arc confrdcnt that wc have not passed the a~lion limit l-or the llh’1~

clcmen[. I Iowcvcr, another 10% currcnl increase could dictate an incrcwc in IWY

thickness

Wc surmounted scvcml engineering design dilliculties wilh our l{l;l: clcrmmt by

mamdkturing it oul 01- it single fi.wging. By this method, WC iwoid dilml)ing tht thin

mnlcrial in iI complicated high prmsurc joint, and arc able to lam the thin wall into M hick

Cd phlc wilh il mnchifwxl Cllrvc. Wc were initially concerned about Ilmt junction ( I), but

I hc ldmiquc hilS proved sillisthclury.

‘l”liUISli’t’ Sccli(m



shock wave has passed through it, and has distomxl it considerably. The section at the

output end of this insulator was designed carefhlly to prevent the explosive action from

shearing it and causing a high voltage fhilLIrc. In addition, we made [he insulation 11-mm

thick in spite af data indicating we could hold or 140 KV across 6.35-mm. As seen in Fig

7, the output insulator is nested with the closing switch hat to provide a long path between

switch plates at this junction, Finally, the vacuum dielectric intcrfiicc cm the output

insulator was irrcorpornted in electric field cxdcula!ions performed lt)i the radiation

baffldinterfacc section. We ammged ticld contours to be perpendicular [o the vacuum

interface, and the highesl tield points in the ba.tllc region were 250 KV/cm. l~urthcr,

prnctictd cxpcricncc suggests at least 5 bounces should be provided by a balllc system, and

our Ixdlles were designed accordingly. “I”hcrc is also infomlation that suggests that

radiiititm should Ix kcp[ hclow 00 pJ/cm2 ( I ~), Ily coupling tlttcrmation mcasurcmcnls

wit h RM I II ) cakulnt ions, wc cslima[c I hat wc expose thc Procyon intcrlhcc to 10 pJ/cm2

( I 4 ) ‘Iqh! illlcllllilti~lll lllCiISUrcmClll!i were mmlc with light bclwccn .!()(! illld (W nm in

WilVCll?ll~l h, Iwwcvcr, 1)11[ tbr [ JV light Ihc attcmmtion is much j:rcillcr, Thcrclbrc. the (IV

r;di~lti(m tl]ilt is rcsp(msildc Iilr [hc ilidl(}v~r is mud~ ICSS Ilmil the 10 }iJ/CiN2. WC llilv~

p[uvi{msly d(vwrilwd {Jlir syslclll (~i’ six cxplosivdy ilCtliiltlXl dosing swilchcs (2) in [)ill illlCl

Ikx’”llisc iVL’llilV(! iilrp(’ CXpIOS;VCSdlillglX in OIIICI”c(MllpollclllS, WC iirc Ii”cc 10 IiM.. il!$ Ililldl

I 11{ :1s nccdd 10 (Iiivc high (Iliillily ids As n result. wc idii~v~ Mood syilcliio[li~iltiol].” ji[[cr

Wld I L!SiSlililf-(’ [WI li~l Illill!(”C

pl,’s



coupling cariy Procyon results with a vm-icty of calculations, and a pqcr d~xJicalcd [o tlwsc

Cllhls illS() appcms in tlwsc prowedings (8), FhXcnl Icsls on Ihc I}qysus hilldi and our

rcccnl I]roqtm lest Cmiioycd a mass grndcd ibi] Ibr lht illiliid PI:S conduclor. l;ig. ‘1

shows lhc nmss disl rilmlion in lhc l-oil, and I:ig. 10 shows lhc hi] inSt illk’d in 1II(’ shot. ‘1’hc

m:ws ciistrilmliml iu llw nluminmn is roughly l/r2, tind when coupk’d wilh tlw 3.30 ~ln] [hick

I]lvli]t l)iilri~’r Iilm Iimns ii I/r nliISS distribution.

P[ll.Slil) POWI:R (’ONSIl)lil{A’l”loNS

I;ip.llfr I I is il simple circui! that helps Summarize pulsml pl)wcl ~.t)llsi(lcrtilit~lls, It il

ctmslml lo is Ih}wing in Ilw loop with conslanl I .%l and 1{ wlum [IN swiich, S. is cltwxxl.
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respectively for ease of identification. T 1 was OUT earliest test, and was conducted at -1 C)”/O

lower than nominal current. T2 was our first at-tempt at a r,orninal energy experiment and it

experienced a transmission line failure because the closing switches were not adequately

synchronized with the EFF. Important data came out of T2, however, (2,3) and it was this

test that provided most of the insight for subsequent design improvements. T3 is our most

recent test. It is another nominal energy test, and system improvements provided an

additional 7°/0 in storage inductor current over T2. Fig. 12 shows Isto plotted for all three

tests, The spike at the peak of these curves is due to llUX compression in the EFF, and we

will refer to the current just prior to the spike as peak storage inductor current. On ’13 at

that time, with the derived L~to of 79 nH, we have 18.1 MJ available in the inductive store,

lJnfortunately, ground loops present on the test afTected high sensitivity signals, and there lS

uncertainty in our initial current. The cuwe in Fig. 12 derives horn Faraday rotation data

( 16) which is not afYccted by ground loops, Redundant sensors are available to generate the

‘1-3 curve, but signals were oll scale dui-ing early times. We have shifted the ‘1-3curve up by

0,5 I I MA to account for initial current and early MCG multiplication. This shil~ makes the

‘1’2 and “1’3curves coincident tit 200ps, which is a reasonable approach since both tests were

lirwl with 18.4 KV on each hank module, ‘1’hc‘1”3curve dcnmnstratcs bct[cr gcncrn[or gain

and suggcsls that syslcm inlprovcn]cnls helped. (lalcultilions in(,iicalc that the incwascd

1il;l: clcmcnl lhickncss auc(mnts Ibr a siwdl amount of impr(wcmcnl Additionally, the

clirrwt loint hctwccn I}W M(’(i aINI sl~)[-agc.inductor was ohscrvcd 10 be glowing brighlly ill

I Ilc clld 01”boll] ‘1”I ;111(1“1”2 Prior [() ‘1’.1,1hi.; joinl was rcdcsigmd, ;Ifld Iiai]lin}: Gllll(’l”ii llillil

l“CVL!illCll 110 ~loW :11 [I]c ;oilll 01] “I”J

I;ll( ! \ SI1OWS [IN LXll”l”Cll[ dCllVCl”C(l [() Ih(! l]l~s 011 ‘1’.] “1’IIIS IS il i’j[)iCill I;ill’ildlly I()[ilti()ll
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are minor ditierences between signals, but agreement among them allows us to say with

confidence that 164 MA was delivered to the PFS. The 10-90°30 risetimc of this curve is

1.56 ps. Presho: Calculations used 20MA peak for Isto, and a combination of early ~d late

EFF resistance protiles from T2 and T 1 respectively, These were the best empirical data

available prior to ‘1’3. These calculations predicted a rise to 15 MA with a 10-90°/0 time of

2.1 ps. The higher and faster current rise that occurred had interesting eiYects on the PFS

switch performance as we will discuss later. With 16.4 MA Ilowing and the PFS plasma

advanced -2-cnl downstream, we have 79 d-l in Lsto, and -24 d-l in the load circuit. At

that time we have 13.9 MJ stored enerb~, and -1.7 MJ inside the vacuum.

I;ig. 14 shows d(lsto)/dt, a signal that is very important to the understanding 01”T3. We

have marked several specific points cm Fig. 14. ‘l-he sudden increase in dl/dt seen at A

indicates the 1lFF clement has begun to move into the forming die. The noise on the signal

iit H mnvenicntly denotes closing of the detonator switches. C marks the peak nq.+tivc

swinR in d( [sto)/dt while the current is being transfemcd in[o the IWS. D and Ii rcllccl final

sta~c vacuum s“wilching results, 1) is the tirnc at which llUX suddenly begins [o Iill the

rcmnining load wdumc, and I;. is the time of peak II ims[cr.

l~i~ 15 shows d( lpl:S)/dt ils dctcrmincci Iiom I(amdtiy ilnd Rogowski ct~il da[ii. lniti;d and

Iin;d scgnlcllls (~1”IIIC Si~llill ilrt Ik(m] Rogowski coil SigHillS. ‘1’h~.’ !?()~()wski coil Sig[lill gives

il I)L*[[L’;” initiil] stL*p, lIIIt it WCII[ oll”sciilc I) CGI(ISC 01” [lIC gIOIIIKl loop, ” ‘1”11(. p~;[k 01”thc signid

is Ii(ml I;Jlril(lily (Iiltil Ily pcrbrming u crude smoothing 011the CulVC, Wc Csl illlil[C [Ilill tlw

I)c;lh ()!’ Illis Sig[lill is I I f MA/}1s, I{Y joining tlICSC I w() CMIYCS wc lli~v~ l(!ill[]~(l Il]ilt t IIL*

Ilolllillill I{ogowski” coil cdil)l ,Ilioll is incoll(’cl ‘1’llc illlL!~I”ill01”Illc ::11100111” LWI-VC ii) I;ig I 5

ilf!ll’1’S \VCll \Vllll l’ill(l:l~ Iol;lliot)” (Iillil A I;I(SI(N 01” 11][01:ii(ll(lstil](’l]t {)1’ IIIC c:llil)lillioll W;IS

Ill’(-l’SSill ~ lo ;1(”.(:01111)11S11this, I1OW(WL’1” We ;Il”c SL’ill’c”llill}~ 1~)1 Sollrlx% Ii)l Illis c’l”lol. 1)111



bclievt! that lhe interpretation shown here is correct. ‘1’here is further corroboriition in our

nnalysis of R1:]:F thi,it will be pwsentcd Iatcr.

(Jsing the signals in Figs. 14 and 15 wc can make a self umsis[wwy w-gumcnt lo Iwlp

dc[crrninc [he mnoun~ of inductan-c rcduccd in Lsl(} and added to Lpi+ by [he l~ld~ IIUX

compression. Since peak d(ll *)/all -- I I.5 h!A/ps al the same time as peak nqytivc

d(lstt))/dt ~~4.3 MA:ps, and since we know thr.t whilt~v~r inductance is [alum o~it of the

store is put into the PFS, wc can dctcnninc that 4 n] 1 is IIW dilliircncc, and [IM[

(1’slol(d(ls[o)/dl)={l .p]:Sl(d(lpF#dt) ’320 KV. [h~: vohagc across the 1{1:1: al peak

[rimslix rate, AI 1{ d(l,:l O)/dt.. -2.4 M/Ups. By lhis time wc ma~ approxinmtc lhilt lhc

cnlirc cilcuil (hwnsi lt;llll Iitml Illc switch ]llil!+lll~l is il siiylc loop. (Rl;l;l; is Iargc). “Ilwrc is

I 2 I ‘7Ll [1!I [ll)SlrCiiIll h)lll 1111’VilCll(llll dick’cll ic illlL’rl’acx, d wilh IIIC l)l:S [)lil!illlil
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closure data extend well beyond what would be available from T3. Aller switch closure,

small values for R~FF are not very accurate, so the use of the ‘1”2cuwc is not a bad

compromise. To combine the two curves we established the value for R~~F when the

closing switch actuated. This is done by measuring the initial step on the d( IpFS)/dt curve,

then calculating the related voltage and dividing by ISTO. We then moved the T2 curve to

agree at that time. and joined the curves. Our initial attempt did not procucc a good fit.

Aher determining that our Rogowski coil signal was not properly calibrated, as noted in the

discussion of d(lpFS)/dt, wc made the same correction for the initial REFF value and

obtained the fn shown in Fig. 16. The self consistency between these signals allows us to

have cordidence in this interpretation, even though we are not sure of [hc source of the

error

Vacuum Swii thing Kcsults

“1’hcProqon systcm comhincs an M( ‘(i and two opcnin~ switch siagcs. Wc IMVC dwwrilwd

the 1{1’1’system [hat dclivcmd i h.4 M A to a IW’S with 10- 9W!!0 risctimc of 1.() IIS, “I”hc

Iiflill plllsc compression” is provided lly ii l)l;S Ihlil on l)l;S operation is avnilablc Iimn lww

s(mrcrs ‘1’hc Phillips 1.id~or~tory”shi~i] progI ml pcrlbrmcd [hc pioneering work on thc

~tUWCIN, iill(l m(wc rcccntly wc hiiv~ I)WII mlledhg (ltltii 011 [Iw 1.OS AI Iu]I(M PCgiISIIS

!kIllt v( 15) As pnrt [}1-our progriln], 21) RMl 11) ~iil~(iliilhs arc ~oiilpiird lo (IIC Shivti

ml Pry;lslm Opc*rimcnls Wilh sllcccssivc ;ihl flti(ms, wc lmvc giiild c(mlidcncc in III II

illlllll V 10 111111(-11L’.!(l)l’l illll’rll ilil(l cd(”[dillion I Iowwcr, IIK’ plcdiclivc Cilpill)ili[y [Ililt ~ivcs

l’()()(1 ilfll (’(’1111’11[,. wilh l)CfIilS(lS l.xpriimrnliil Il!sllll!i [11S() prdids Ihill lidlt~willp 1111’

(’l~ll\’(’lll lollill ;II)I)I():ICII Ii)l l]l;S dwii~!u will Ilf)l 11’il(l 10 ~(~{)(1 l)l”S l)(Vlollll;tll(”l* 4)11 1111’

I’l(lL”\(lil Sysl(’111 Ill l)m li(vilw, \vidl (’llixml!i Iilnl nlr l)l(d)llvmllit - Iill l’(’f!;l!;llS ;I[ll)l’ill

!l\”(’I lvln’llllill!’ Ii)l l+(I~”v(~lI I;l II IIIL’IIII[)I L’, 1111’ Iii(.lis Illil[ SOI\’(” IIIC 1)10111(’111S Ii)l l)(’~!ilSllS {1(1
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bmn plasma. A low mass conducting material connects the two electrodes at the breach of

the gun. This rapidly turns into plasma as current begins to flow. The second component is

a plastic film that stops thermal plasma from flowing down the gun barrel unlil bulk plasma

motion reaches that position. The sum of the masses of the two materials varies as I /r2

across the plasma channel so that the mass wdl be accelerated uniformly by the 1/r2

magnetic force. In most work to date, the conductor mass distribution was generated by a

cordal wire array, which could be varied by the number and size of wires and the cord

angle. The plastic film is a constant density film, Recent developments have allowed the

use of mass graded foil in place of wire arrays and Pegasus experiments have used a graded

foil that varies as 1/r27, which combined with the barrier film yields a 1/s2 disu-ibution.

Al?cr a variety of calculations, a ncw scheme was proposed for Procyon. In this schcnw, it

I /r2 graded foil is combirwd with a barrier film to produce a total mass dislrilmt ion tlmt

varies as 1/r. t:or 200”mg total plasma miiss, wc usc 130 mg of aluminum in [hc graded Ibil

;mcl 70 mg ill Ihc polycslcr hrricr lilm. l’rcliminaly design cakulalions showu.1 Illill this

nu+ss ciistrihtim, with higher pressure Ilcar the inner wall of’ the coaxial gun, iillowd the

I)lil!illlil ncdr lhc inner elrxtmfc 10 gcl prqqxxsivdy turthcr ahead Of the Plil!$lllil al tlm oulcr

clcx:lr(dc I lvcnlwllly n lllilSS t hinmxl wgion occurs ilnd flux rq)i(lly flows I 111(mgh il, ( Ising

(Iillil Ii”(m) l?ili”l~ l’1’OC~oll”11%1S, IIIC lllilSS illl(l ~(111 l(!ll~tll WCI”C ClloSCll S() [11;11 IIIC I“II])!llI’U

\voiIl(l (KCLII iIS [II(! l)lfisIIIii W:IS ildjil(~~li[ (JI1 IhC implosi(m I(NKI SI(JI. A I)lilst]lil [[iii) in [I]c

inlw Clcclr(xlc wall, ;1S11S1’(1011 l’cgiiSllS ( I (I), SCCIIIC(I 10 illS() hClp in IIIC C:ll(XllilliollS, 1)111

Ii)l 111(’’lilllillill”~ IL’SIS WL’ drcidr(l 110110 i~dll(fc! Ibis ltiililll’C. “1’.11)10(111(;1!(1;1 hi~llrl illl(l l“ilSl(’1

(’(ll’1 (’111 [)111S(’ Illilll [)1 r(licltd !iolll Cill lit-l (Iil[il ‘1’lw xxulling VilCllllIll \wilthllillj! WilS V(’1 V
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switched into the load S1OI, l~ig 17 shows diagnostics locations, ‘I”hc ground loop on the

test caused d13/dt data to bc very noisy, and not provide as much quantita[ivc inlblnlation as

we would Iilw. A ccmsistcnf. [rend is evident, tmwevcr. ‘1’hc tcndcmcics indicated in

preliminary calculations were born out hy ‘1’.3, but the increased dlivc current pruwidwl a

ditlkrcnt mm-all switching ctycct, ‘lmhcmass-thinnc(.i region occurrtxi allcr thc plasma had

moved only 2-3 cm down the 7-cm barrel, and Ilux tl(mded past the l’l;S and lillwl the

remaining vohirnc in (mlv a fcw hundred nanoseccmds, In additium, cur-rent rtw [o

approximately full values almIg the inner clcctrodc, but rwt akmg the uutw clcctr(~dc, 011

[hose signals current appcws 10 rise to some level, dips, then rises again slowly. onc or the

nl(}st cxciling results was pr(wi(,icd by a probe just inside tlw load slot alun~ [k ups[I cam

glide pliinc ‘I”his pr(k WilS positioiwd” 10 discriminn[c bclwccn OJITlxlt flowing ill ii Wfi[]

Pliis[nii lhiit shorts out tl)c I(NKI sh nnd current that is diverted, as desired, ttl [Iw Itxi(l

Slll)jl’ct It) s~mlc illtcrlll”c’lilt i(lll. t IIC I]l”olw SI1OWSthti[ LXI1”I’CII1rose 10 15 5 will] ii I ()- ‘)0?0

risctimc f Ii’ 5(N) [1s, delllt)llsl[i]t itlg Iha[ willl ldasII]ti did not short out thti Ioid ‘I”IIc prolws iil

tl)(! hotlolll” 01”111(!Ioil(l S1(}1g:lvl! Vill~iIlg 1“(?S[111S,!N)[llL! of which rc(ltiirc SOI1lL” il]lcrprcliilion

‘1”111”1110s[ pcssinli$lic illll!l”l:l dillioll co[ncs Iionl ~ dll/dt prohc tlwt shows cilrrcllt rising 10

I 1 ‘~ hlA with il 10-()()(!% Iisr[inw 01”500” [1s ilt [hc UpSIWIIIli side {)1’ tl]~ sl(~[ ‘I”llc S;llllc

I)iol)l” \VCIlt :II)IIII)IIV t{) 12- I .l MA ( [().~)()”~ IisL* 01” .150 1]s), “Imhcnl~JS[ ~q~lilnistic Sigllill

l“olllt’S Iioill H l’; ll;l(l:l~ l)loll~ Ill 111(’ Illi(ldll’ 01”!11(’ Ioild S101 Illill SI1OWS L:Ill It’Ill I isi[lg 10 ilS

II II IL.11NS I f ‘1M A \VItl I it lo -(J[)’)o ris~.timc ot’.loo I]S I;i}!s I H [UId l‘) sllt~ws srlt-1-it’(1 I)l[d)c

(I;lt il “1’11(’ (’ICCII 011 (Icwiilv 1111(’1 Itiloll)(’1(’l (111111COI’IOI)OIIIILX [IIC (111/(11 (Iillil ‘l’lIL’ llillil Sll{)w

111;1S111;1;IIIII’11111, :11111(.I;I\(’l 11;1111t“olll(”l(ltvll will) IIlc Imlpllclic” 1111X:1Slll(’il\lll (’(1 Ily IIlc (111/111
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Calculations with the actual 1“3 PFS drive cumnt arc currently underway to gain a bcucr

understanding of the test results. Initial calculations of this type provided scvertd

qualitatively similar fatures, but fhdcd to predict the over all result. Subsequent

calculations were conducted with varying initial plasma conditions, and onc set with

generally good agreement has now been performed. l;igurc 20 shows the calculations at

three time steps of interest. In these calculations the mass thinned region rclewes the flux

to the rest of the volume well within the barrel. Plasma then folds over and shunts current

away from the oulcr electrode. Load slot cdculntions remain to be done, und these should

help with fu[~hcr interpretation of our load slot data

(:ONCI.[JSIONS”

A wcdlh of inliwmtilion is uvailahlc lion] ‘1”3A wc Iwvc nol ycl thlly digested lhc rcsuhs

Wc conlinuc 10 explore Ilw relevant physics Ibr 8 bcllcr understanding t)~ Ilw vwxmm

swilching, I lowcwx, IIw prinlwy dillicully cncoun[crmt ill cidculnlions imd ctlrlicr Ics[s is

Ihc Ilmxling of Ihc load slol wilh lllilSlllll of sullicic.nt dctwily 10 rclnrd lhc milgndic licld

ll(}will~ 10 Ilw Ioil(l iind AI sif!niliuilnl (or overwhelming) nmss to [111’imphtsiw;. ‘1’hc

illt Cllll)l 10 circumvent 1111’SL’CIKXIS IJY illll!till~ lhl! lllil!W dislrihul ion in 1111:gUll 111)l)Cill”!410 1)(!

S(lLXX’SSl~ll illl(l W1’ ,Irc !{[~’illl~ l*IIL’(dll”il~d ( h ucxl cllhrls will Iw Ill cxpl{)i c

11.lll(~(llluil~ilily nnd 1)111drp.lvc td”c[mllid



the thickness of our Teflon output insulator and reducing the over all inductance of our

radiation bathes. We estimate that as much as 9 nlf could be eliminated and still have a

working systcm. This by itself would allow us to reach the 1.4 MJ Icvcl by the standards

usc above. In flddition, if the vacuum switching observed is sullicicntly rcproduciblc, then

wc can rcducc the Icngth of the WS gun, and can further add to the implosion drive

current. on “El, the total load inductance (Ikom WT to 4-cm radius load SIOI) was 3(J.(1nl 1,

With 70 nll stomgc inductance and 21.4 MA flowing, 15,4 MA should bc trmmlixrcd, This

is in quite good agrecmcnl with the interpretation of our load slot l~imdq sensor. With tlm

optimized trnnsmi~%ion Iinc suggeslcd above, wc could lchicvc 1,5 MJ. Finally, with no

significant systcm changes wc could take advantage o!”the M 20 K V bmk volt agc uvailablc

10 11s This should boost peak storage inductor current to 23.3 MA, ml usin~ all [hc

improvcmcnls suggcslcd ldwvc, wc could I ransfcr 111,9 MA, or INWC 1.H MJ avaihd)lc,

Ilcyond thcsc limits. I Iw siw or the I iIIII’ would probnhly have 10 incrciwc. Anoi her I (YXO

currcnl CilpilL:il~ is llvililllblc, hy increasing I il;l: dinmctcr. wilhou[ pushing our explosive

nmmi!hcl uring ~~pid)ilil~. ‘1’hhiwould require n dighfly revised M(’( i, hul will] [hc cxirn 1(1

‘!c)wc mmld [rnnsltir [wcr 20 MA. mid lmvc lwcr 2 MJ 10 work wi[h.

Itrli’lt’11{”(’h
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Fig 7 Transfer section .4- Coaxial
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output transmission line insulator (Teflon); B-\-acuum

Mecnk imetiace. C- Radiation bafl?es to protect vacuum dielectric inttiace: D- closing

witch plates. IS- nested insulator hat and 1.25-mm polyester insulation: F- detonator

awated closing switch (array of six in ps.rallel);

conductor of storage inductor; I- Output conductor.

G EFF switch clement; H- Outer
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D- i!B dc sensor[integrated) 58 cm from grwicd hi] [m
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Storagt inductor current B- Typical

dB dt smsor [integrated) 5.8 cm from
. . .“-. ” --:-.:4=:3:5: . . ,. L.- . ..3.-C t!~C~idt D- \los[ optimistic interpretation of Faraday sensor in load

:.-. -- . . . ... E- dB d: swxor (in!egratsd) recessed inside load slot on upstream side. F-. . . .-n..,~,.

iB ~: SC:SX 1ic:egra:cdl in bottcm cf!oad slot.
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Fig. 20 2D R\lHJ2 cfi!cula[iuns of a 1 r gun

p!:,snla driven \vith T3 \vave!_orm Frame 1. at

3 3ps. jho\\s onset of mass-thiiming Frame

~. at ~. ~ps. shcnrs that fh has f]oode~

through the gun plasma Frame ~. at 3 7}1s.

shows that the PFS has opened and remains
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