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Suzpary

The ponle of the LASL implosion-heating experinent
are to lesrn rore about the physical procevhses dlnvolved
In the dnitdal imglosien o0 a theoa pinch and to rind
ways of evuancicy tie anount of Irplosion heoting. The
decign parcociers chosen for the caperivont are:  an
Infcdal plasmy density of 104 E pur cns, a 40-
cu-diamerer Cinvtarge tube, a coil lengith of one-meter,
an initial eclectrils Yicid of 2 kV/em applied to the in-
sld¢ of the discharge tese, awd a rmaenetic {icld ef
10 kG having a Yast risctice and lasting for 500 nacc.
Thie experimerc difters frew the cellisnionless shocek
expericents wiich hove been conduecred over the past few
yrars ac other lavoratesies in tiar ve have a much “igh-
er irnitial plasma lensity. The higher densirty recuces
the cffuccive impedance of the placma and thus regquires
a lower irjpedance current socurce.

The unusually large diaccter for a theta pinch is
designed to allow tine and distuonce for study of the
inplosion process, but it has the disadvautage of re-
quiring a volope of 230 LV around the discharge tube
in order to stialn the desired field of 2 kV/cuw. At
the 809-kA design curvent (10-kG mapgretic ficlc) the
plavia irpedance 1s calculated (as described below) to
be about 0,3 (.

The desicn of a hiph-voltasce pulse generater which
peets these renuirements is described. Gystems which
have bLean corsidered arc: 1) Mylar-irsulated stripline
Blv lein geavritors, 2) sliuple Mylar striplines, 3) cowm-
Uicabatnen uL ;-iyiu.. nus;pliuua wilil L'.lpn-l..ll.LUl.b, ‘-0) wul.utr=
11 dlated coixial transig-sion lines, 5) capacitors,
ara 6) luw;,cd=constant vranstilssion lines. lhe systea
finally sclected is a hvbrid of a peaking-capacitor
gystes witihh @ curtailed, lumped-cuasciaat delay line.
All systems were inviescip-ted by computation, mostly
using the KNRT=-2 code. The calculation takes into ac-—
count the chanping impedance of the load due to the
mction of the irploding plasma sheath, Plsuma dynamics
vere siomulated using the bounce rnodel, whic, agsuzes
perfcct ¢lastic reflection of all ions from impinging
paguetic piston,

The final desifn employs four coil feed points
with a 125-kV penecator at eacit one, totalinp 500 kV.
Each 125-kV gonvrator copnsists of a pulsc-chirged two
element lumped-constant line.  An essential feature of
the circuit is fust charping frewm Narxk pencerators
throu;h the jnductance vl the Mawx and of the counect-
ing cable egytews 1he load ewit "hes ave {ired when the
voltage on the lumpeds-copuatant liae rveaches 125 kV, at
this time the voltaye s still risivg rapidlv, At the
peak Joad cunrrvent about 300 RA 1% contributed by the
chargdu: curvent rres the Marx teank and 500 bA comes
frem the capacitors of the liped corstant line.

Imploston Heuting Feperdment

The primary goal of the ieplosion heating experi-
aent 1 to study tue phvale, of the fwitinl implosion
of n theta pinch; therorore, 1t 4s desivahle tu provide
glple reproducible comdittion: tor the sometle field
Mctey the fngplesfon. We bave chosen to w0 Ledarly
oo poagible a ospuare cvireat puloeg ratsing the ravnetic
(ield Innide a ~ a00- - Laadeter tube to 10 with as
shovt a vl an posadd s and wafuaweing It for ~ 500
wee, sokeviead Jomer rinar the auticdpated Laplogion
dheaes The coll leosth haa besu chosen to be Low g0 asb
wi to lose too lurye a fracvion of the fon: throuph

the ends of the coll during the implosion. The coil
current required is then 300 kAL

LASL theta pinches have costly been operated with
an initial electric ficld at the inside of the discharge
tube of ~ 100 kV/m., We hope to raise this in the fu-
ture to ~ 200 kV/ii, so the present experiment is de-
sigred for that ficld strength. This requires ~ 200
kV/m. so the present expericent is designed for that
field strength. 7%his requires ~ 250 kV around tle
400-uimi-dlaimeter tube, and it wust be applied to 1
inploding plasiua which has a ron-linear resisti « im=-

pedance of ~ 0.3 i. during the i{irst part of tl . im-
plosion. The resistive plasza impedance is ac ially
the recult of a rapidly ircreasing inductance . £ 0.3
li/sac causcd by the effecctive increase ¢f coi area
accompanying the inplosion of a current sheat separat-
ing preionized uiwragnetized deuterium plasma - the
wagnetic field, We have assuaed, for design g .r.: =<,

that the plasira interacts with the magnetic piste:. &
a bounce wodel, i.e. that in the coving frame of the
piston, ions are elastically reflectoed. This gives
the maximum possibl¢ mcmentum transfer and thus the
slowest inward sheath velocity possible. The 0.3 (.
plasua iopedance cited above corresponds to a fillicg
density of 102! Jeuterons/m3. A snowplow model for
the imploding plasma, or aany substantial amount of
field diffusion, leads to a larger effective plasma
impedance.

Our first idea for a pulse generator to operate
the experiment was mylar stripline Blunlein generators,
fuiiowiug e ivad ol Lie warcillng gLoups ana utners
studying collizionless shock phenoncna in theta-pinch
geometry. Our experinent differs from these earlier
ones in that we hope to use 100 to 1000 timcs the plas-
ma dernity at several tines the magnetic field strength,
The hi,iier density of our plisma gives it a lower im-
jredance according to either the bounce or the snowplow
models. If, as scems likely, field diffusion is smaller
at higher density, this also will lower the erffective
plasna impedance. The result is that our generator
irpedance wust be severai tines lower than that of the
Garching cxperiment in carder to apply a reasonabie
fraction of the generator caf to the load. A Blumlein
generator 1s arranged with two line sections in series
50 that its effective impedance is twice that of t!l.
lines. This is compcnsated to some extent because
delivers twice the charging voltage. The Garching . .-
periment is driven at four feed slots each one being
fed by a Bluulein generator usiap 44-m-long line sec-
tivus 1.5-m wide, ins:lated with 2 mm of polyester
fllm, and Jwwersed in water. The lines have 0.29 (o
impedance and are charged to 125 kV. The total eamf in
the circuit is then 10° V and the gencrator impedance
18 ~ 2.3 (.. 1In order for this jxcnerator to drive 800 kA
through our Joad it wouid have to be charged to 260 kv
instead of 125 kV. Presu=obly it should thun have
double the insulation thickuesxs and, to have the same
icpedanice, it would have to be J-m wide. This scemed
ditficult, although in principle it c¢ouid have been
done. &1 umattractive teature ol Blurleln generators
on our le~inpediance load 49 that faillure of preioniza-
tion or firiuny onto an cvacuaren discharpe tube would
apply nearl: all of a4 ~ 2 MV vt to the cell, so as te
make insulation flashover and tute destruction likely,

Au alternatave schere using sinple transulssion
IHuoew, awitched at the iower cmd, sutfers from the sana
dinadvantape of bulk au the Bluslein wyslen, It iu not
subject to che voltaye doubling problenm, but the lines

LASL-ALC-OHICIAL

LASE AT S QFFICIAL



WLU AV LU DR SORCWLAT luwe D dngreddiale boecauasie of Civculb anialysis tar daedy.aneg i

TR SRR PO )
ds, and would prohebly end up ~ H-o wide. Apain the carried cut using the HIT-2 carputer ende. NET-2 per-
heme seesn unatteective. fores transicnt avaivsls of cesplicated vetwnres, oud

A schierr: usiny a low-1nductance canacitor in place Is capable of handliny tisce-depeadent nen-liocar ivped-
one or the Ilutlean Jine sections vz also consider- dance clements.  dw ceoupliiy the cjuaticn fer the plasea
. This has the advantaye of voltace doubling 12ke notlon Into the circuic araelvsis we dpncluta the eifenty
walein system, but with the puivrater fmpedance egual of the fupluding plaita, uccording to thr bounce wodel,
tnat of the lire scetioa insiead ef bedn: twice oy vutil the sheath tas reacied epe=tnird of fts ortginal
rype.  An alternative in to drive a fine section froew tadivs. rrew this po'ns on 1le siivath radius 15 assumed
¢ far erd with a capucitor tiircuch a switch, The to bte constant. This sirpiftics a bouncing plasma
oblea here, as in the bBliilein systes, 1s Yiee buelk, sitaation which iu woo corplicated to predict accuracely
though the line nuvd uor have so liw an amnedance. ond of which the effeers gre «xall in any case,
Water lines were alwo cennidered.  ilie moest regseon- In the study of the water lne svatea centioned
le sy«tem appeared to Le a two ived slot coil with a ahove 1t was neécuesnary to consider fast high~current
ttery of coaxial water lines {ocding cach sior,  be- charging froa the Marses,  This was because of the known
use of the hipzh diclectric constaut (= .0) of water depradation of diclectric strength of water with ex-
e lines necd be only abnut a-u Jony dndteed of 04 - posure time, &nd because of the cenductivity of water,
with polvester (Mviar). The diclectric strenith of which Jeads to o stwrt charge decay tice of a water-
ter, however, 1s quite czall, with the rewuit that a irsulited capacitur. It becoone apparent that a high
fficiently low imprecdaunce could Lo artained only with charaimt current an {iring tiawe contributes subst.un-
very bulky conently.,  In our casce we covsicered nine tiull) to system porfoimance,  As in a peaking capaci-
J-wm-diaacter lires having a radisl ccnaration of 50 tor systes, the ciarying current coen be diverted to
feedirng eacl. fred slot. The lines would h.ive been the load witheut depradatien Ly cipacivor inductance,
arged to ~ 250 kV, and we cestizated] that thore was This pri.ciple will be awplicd to our PFN svatem by
ag¢ probability of diciuctric break:duwn every 100 shots.  charging the Marxes so that if the louad switches were
ugh energy appeared to be aviilable in a breal:down not fired the ciacitors would be charyed to 184 kV
do serious duruge to a lice, even theeph ticy were by 2.28 j.sec, SUJuLdnti).Ay abave thedr voltagoe ratiug.
be switched through individesl spark gays. The large The load switches are fired at 1,37 psec, wien tie
lk of this rvsten cade it difificult ro connccet to & capacitors reach 125 kV, The charpging current is
=meter coil ard almust Jmpossible to fcead a much ehour 280 kA at this timce, a little bit past its po <.
it theta pinch, ascuudng it would be used for large It stays above 250 k) for the full pulsc tinme of tl.
iged theta pinches in the future, so It vas dropped. coil, and thus contributes at ledst this much to the
A systom uslny lusped coactunt delay line modules coll current. The tine behavior cf tug wuore imvortant
8 series-parallel arronpycest was conssiJdered.  The voltages aad currents are showa 1 Fig. 2 as couiputed.
ilacitors were to Lave been the smali plastis case The curve marked Vs . is the voltage a2t the high-
di=voltage capacitors {requently uvced in hiyh-voltace voltape end of the Marx generoters where it is sub-
‘x gencrators. It oppeared that this shaten woeuld be ttan: Lially decreased frem its cpen circust value by
essively cnpousive becnuse of the large anunber ol the Marx internitl incuc.oonce.
Z1toYs rajulred. lThe moin load switches are nulti-channel ticld
The systen finally chosen uses nulse-fwrn:ing net- distortion rail gape built by Fhysics IYnternational
ks driviuy the coil tinrourir four eed points, The (FT). They urve usced in pairs, two of them connecting
se-foruins actworks (Fri:) reseoble cettailed luped cach PFY to its coil fced slot, Ihe rail geups are a
stant linces., The circueit 3¢ rhown in Yig. 1. The wodification of a desipn used upnder water by I'L for
acitors used are wodifications of & desipn developed switching consniderably Ligher voltages., Extensions on
preionizcitioa use in Scvllac, the mogification being the acrylic plastic spavk gap bedivs allow operation
cductiea of capacity from the originai 0.7 .t to 0.2 in air at 125 LV with voltage jrading describoed in the
or 0.4 pF with very little ceftect on tic oripival next prper. The gaps ave filled with high purity dry
uctance. In Scyllzc use the capacitors arve do N2 to cbout 5 atwospheres and caw be trigiered so as
rged to 75 kV, but must held 100 KV puived, because to have 10 tc 20 sparx cuanncls in parollel. All
a voitape doubling erfect when tie nmuch larper main elght gaps will be iripgered trem a single paster gop.
llac bank is cennected across theam alter preioniza- The full system has not yet been trigpered or even
n. C; in Fig. 1 actuaily ceusists of four 0.2-4.F ascusbled, but the master gap vith all cight load =  les
acltors. The parallel’anr is te reduce the inductance has been used to trigper one gop successiully., UL
an aecceptable value. C';ilqr]} C~ conyists of three triypser pulse at the load end ¢ an unteruinated &1 er
kF capacitors. 1he courcction bitween tra capaci= cable rises at about 30 kV/naoc.
5 and the collector plate involves modiiicaticn of It should be cophasized tihuat the load curreat and
originnl czapacitor insvlator Ly cutting oif a flange, voltare will depend on the dviramic and resistive char-
the uge of silicove rubber voicage paskets. It is acteristics ol the actual plawnia, and that those char-
riribed in the follceving papar. This produces &én in- acteristics are unknown ail are preciscly what the ex-
rance of ~ 30 ull pur capacitor, but will Luld off prrinent is desivned to reasure, Another inportant
kv. question 1a that of prefonization. Present plans are

The c'pacitor shown on the left in Fin. 1 §s actual- to use a rolatively low frequency theta-pinch discharge
‘wo Marx gencrators {u parallel, cach copable of pro- isolated through cable inductance froa the high voltapge

lng 260 kV.  They vse J-FkV, la,7-,.F capacltors in of the I'Flis. A (nll scale test systew 1s in operation
‘e, The MMara ave creeced with fivld distortion at the time of writing this paper.

'k paps trigiared In pocallel throuph resistors by

I-kV  pulse derdved froe a master gap, With two Refercnce

-t — b —

¢ generators fn parallel foedimy cach PFN, <ipht are " . . .
iired altogzether,  Lecause of linited space they are 1. G. Hurppich, PIUJth 500 kV=Theta=~Pinch
ked in pales, owe en top ol tle olier, the upker (500 kV Theta Pinch Project)"”, 1nst, fur

eted wit A Ltaye at Its Tower end and
13::::“ :m-t-(lw:lllllhl ll‘)'l l\':)Tt.l;l:-L.--; rln:“t.\:".” :-‘...lo olf Plasma-hyuilk, Garching, XKeport IPP 4/(’8!

fOS—  Induectanee shown én serfes with the Marx Nc¢vewber 1909,
Jo fnternal) dodietapse or tlee capuacitors ThLe
gencrator:s; e cable counccted to the Hris,

e
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F1g. 1 Pulse Forcing Network

Cl 1s & 0.2 ,F
C2 is J 0.4

5 kV capacitors in parallel.
£ 125
»
Irductances a:
ra

xV capacitors 1in parallel.
tove Cl and C2 are capacitcr plus
header irducrance. 6.7 =l faductance on right
is zh~t of switch ¢ coil feed. Nezwerk at
left represents 2 Marx generaters in parallel
wiih bleed resisters. Idential metworks con-
nected to ali 4 coil feed slots,
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Fig. 2 Calculated wave forms of circuit of Fig. 1

driving plasma load assumecd to have 10<1
deuterons/a3, Bounce modul perfect magnetic
Piston startiag at inner wall of tube

(% = 0.18 m). Coil 1l-m long with inner radius
0.20 m. Plasma motion stopped at 1/3 of
initial radivs. Marx no-load voltage 190 kV.
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