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Suzrary

The ponls of the LASL implosion~heatingy experinent
are to lesran rore about the phyviiaoal preocenses involved
In the Initdal imglusien or a theta pinch and to find
ways of erhancicy the avount of 1vplosion heating.  Yhe
decign parcociers chiosen for the experirent are: an
Infedal plasmy denuity of 104 per cac, a 40-
cu-diomervr Jisclarge tube, a coil lenyth of one-meter,
an fnitial clectric ficid of 2 kV/erm applied to the in-
sld¢ of the disclharge tuse, and 4 roenoetic ficld eof
10 kG havainy a 226t risetice end lusting for 500 nsce.
Thise experinment difters fren the collicionless shock
expericents waich hove boen ceondusred ever the past few
years at other lavoratersics in that we have a much high
er initial plasma Jtensity. The higher densirty recuces
the cffrccive impedance of the plnoma and thus requires
a lower irpedance current scurce.

The unusually larye diaccter for a theta pinch is
desigued to allow tine and distance for study of the
inplosion process, but it has the disadvantage of re-
quiring a vol..yve of 250 kV around the discharie tube
i1a order to attaln the desired field of 2 kV/cu. At
the GEO-EA design current (10-kG magnetic ficlc) the
plavia irpedance 1s calculated (as described below) to
be about 0.3 (..

The design of a hiph-voltage pulse generater which
geets these renuircments is desceribed.  Systems which
have bLecn considered are: 1) Mylar--irsulateo stripline
Blv lein geaerators, 2) slmple Mylar striplines, 3) coa=
Vicauiuvan ug ;-.')-:Lu.. :-n.s;pl.iuua Wit Lup-..l.iLUL:., ‘-0) walutr=
11 tated cosxial transni-osion lines, 5) capaicitors,
acu 6) lwu; vd=constant vranstiission liues. lhe systea
finally sclected is a hybrid of a peaking-capacitor
systes with @ curtailed, lumped-cunsiant delay line.
All systems were investip-ted by computation, mostly
using the NLT-2 code. 7The calculation takes into ac-
count the changing impedance of the load due to the
mchion of the irpleding plasma sheath. Pliema dynanies
vere sinulated using the bounce nodel, whica, assuces
perfcet ¢lastie reilection of all ions from iupinging
paguetic piston.

The final desifn employs four coil feed points
with a 125<kV jenecator at each oue, totalinp 500 kV,
Each 125-kV gponorotor consists of a pulsc-charged two
elenent lumped-conatant line.  An cesxsential feature of
the circuit is fust charpieg frcw Marx gencerators
throuzh the inductance of the Mawx and of the connect-
iapg cable cy,ten, lhe load gwit ‘hes ave {ired when the
voltaje on the lumped=-copstant liae rveaches 125 kV, at
this time the volta,se s still rising rapidlv, At the
peak Joad current al:out 300 kA 15 contributced by the
charging curient frow the arx tenk ond 500 bA cones
frem the capacitors of the lumped constant line.

The primary goal of the inplosion heating experi-
aent 1 to study tne phvale. of the (nitial implosion
of n theta pinchi; therciore, tt is desirable to provide
gluple reproducible condftions tor the siraetie Hald
furfey the inplesfon. We bhave chosen to w e o Lcarly
ge poggible o syuare cvrreat puloe, ratstog the rannetic
(ield fustde @ ~ a06G-. v liazaeter tube to 1 7 with as
short a rise an ponsdh o and walucawning It for ~ 500
wee, somevial Jumger thon the anticdpated Laplosion
e The coll lepsth haya beeu chosen to be L so ay
wt tu lose too large a fracvion of the fone throuph

the ends of the coil during the implosion. The coil
current required is then 800 kAL

LASL theta pionches have costly been operated with
an initial electric ficld ac the inside of the discharge
tube of ~ 100 kV/m. We hope to raise this in the fu-
ture to ~ 200 k\'/u, so the present expericent is de-
signed for that ficld strengeh. This requires ~ 200
kV/n, so the present expericent 1s designed for that
field strength. 7%his requires ~ 250 kV around tte
400-uin--diameter tube, and it wust be applied to 1
Imploding plasua which has a non-linear resisti < im-
pedance of ~ 0.3 i. during the i{irst part of ¢t} . im-
plosion. The resistive plasma impedance is ac ially
the recult of a rapidly ircreasing inductance . £ 0.3
li/sec caused by the effcective increase ¢f coi area
accompanying the inplosion of a current sheat separat-
Ing preionized uinzagnetized deuterium plasma ~ the
wagnetic field., We have assuaed, for design ;.v.: =<,
that the plasma interacts with the magnetic pisti:

a bounce unodel, i.e. that in the moving frane of the
piston, ions are elastically reflected. This gives
the maximunm possible mcmentunm gransfer and thus the
slowest inward sheath veloucity possible. The 0.3 .
plasua icpedance cited above correspunds to a fillic,
density of 102! deuterons/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 Blumlein generators,
fuiiowiug wne ivad ol Lhe varciillng 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 dercity at several tines the magnetic field strength.,
The hi,iier density of our plasma gives it a lower im-
pedance according to either the bounce or the snowplow
models. If, as secas likely, field diffusion 1s smaller
at higher density, this also will lower the effective
plasna impedance. The result is that our generator
irpedance wmust be several tines lower than that of the
Garching cxperiment in crder to apply a reasonabie
fraction of the generator enf to the load. A Blumlein
generator is arranged with two line sections in seraies
50 that 1its effective Impedance is twice that of tl.
lines. This is compcnsated to some extent because
delivers twice “he charging voltage. The Garching . .-
periment is driven at four feed slots each one being
fed by a Blumlein generator using 44-m-long line sec-
tions 1l.5-m wide, insulated with 2 mon of polyester
fllm, and Jrwersed 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
i8 ~ 2.3 (.. In order for this jxcnerator to drive 800 kA
through our Joad it wouid have to be charged to 260 kv
instead of 125 kV. Presumobly 1t should thun have
double the insulation thickness and, to have the same
impedance, it would have to be J-m wide. This scemed
difficult, although in principle it cousd have been
done. A unattractive teature ot Blurleln generators
on our lo~inpedance load is that failure ol preioniza-
tion or {irins; onto an cevacuarea discharpge tube would
apply nearle all of 4 ~ 2 MV ¢l to the cell, so as to
make insulation flashover and tule destruction likely,

An alternatave schere usiny sinple transuiscsion
loew, switched at the lower eond, sutfers from the sane
divadvantape of bulk as the Bluslein system. It iu not
subjoct to che voltage doubling problem, but the lines
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MILU BAVE LU 02 BORCWLLE lower dnpeddinie hoduse of
ds, and would probelbly end up ~ H-o wide. Apain the
heme scers unattractive.
A schiemr: using a low-1nduactance
one of the Plumlean e sceetlons
. This has the advantage of volta.
unlein system, but with the poerta
tnat of the line scction insvead cof being
rye.  An alternative is to drive a
¢ far erd with a capacitor tireush o

capacitor in placs
Vs also consider=
¢ doubling
tor Inpedance

l1ike a
equatl
twice oy

svction I'vew
twitch,

Jdne

Tihe

oblea here, as {n the Blunlein systenm, is Yive bulk,
though the line nued aot have so low an amnedance.

Water lines were aleo censidered., ihe mest reeson-
le gystem appeared to Le a two iced slot coil with a
ttery of coaxial water lines {ovding each siot, he-
use of the hich diclectric constant (= .0) of water
e lines nevd be only chout a-u Jong insteed of 64 ¢
with polvester (Mviar). The diclectric strenith of
ter, howcver, 1s quite szall, with the resuit that a
fficiently low impecdance could Lo actained enly with
very bulky assertiv. In our case we cousicered nine
J-wm-dianeter lines having a redial ccparation cf 50
feeding eact feed slor. The lines would huave been
arged to ~ 250 kV, and we cestizated that there was
ag probability of diclectric breakdewn every 100 shots.
yugh energy appeared to be aviilable in a brenlkidown
do serious durage to a ljrn, rven theovph they were
be switched through individueal spark gaps. The large
lk of this rysten cade it difficult ro conncct to &
»=mater coll and almust Impossibie to feed o much
iper theta pinch, assueudng it would be used for large
iged theta pinches in the fuvture, so it vas dropped.

A system uslny lumped coaztunt delay line modules
8 scries-parallel arronpaaient was con::durrd, The
vacltore were to have beena the small pla case
‘hevoltage capacitors [requently vced in h]FH—VU]tJ"e
x gencrators. It cupeared that this srsten would be
esslvely enpensive becnuse of the large nuzber ol

21LOYS ronulled.

The systen finally chosen uses pulse-ferriing net-
ks driviny the cofl throurin {our feed points. The
se~forminn actworks (Fri:s) resvoble cuvttailed lu:ped
stant lincs. 7The circuelt ig rhowa in Yig. 1. The
acitors used are wodifications ol & desipn developed

preionization use in Scvllac, the mogification being
cductica of capacity from the originai 0.7 F to 0.2
or 0.4 pF with very 1ittl2 eftect on the original
uctance. In Scyllac use the capacitors are dc

rged to 75 kV, but must hold 100 kV puiced, because

a voitape doubling effect when tie nuch larper main
llac bank is cennected across them after preioniza-
n. C; in Fig. 1 actuaily ceasists of four 0.74.F
ncltors. The parallelinr is to veduce the inductance
an acceptable value. Similarly Ca consists of three
kF capacitors. 1lhe courection between tero capaci-
5 aud the collector plate involves moditicaticn of
origiri]l capacitor insclator Ly cuttins oif a filange,
the use of sillcone rubber voilcage pasketa, It is
:iribed in the following paper.  Jhis produces an in-
rance of ~ 30 ull per capacitor, but will Luld off

kV

The c-pacitor shown oa the left in Fin. 1 §s actual-
'wo Marx gencrators {u parvallel, cach cepable of pro-
lng 240 kV. They use Ju-FkV, 14.7-.F capaclitors in
6. The Mara are erecied with ficld distorticn
'k paps trigiered In pocallel throush resistors by
I~kV pulse derived from a naster With two
v generators Jn parallel foeding each PEN, cipht are
red altogcether, because of linited space thoy are
ked In pales, one en tap o) tle other, the upper

connected with bich voltage at Its lower emd and
lower cae wlith Llye volta; e at the top, Moot of

f oS- Inductanee shown du oserfes with the Marg

Jg fnteral dinductaece ol the capuacitors The
gencrators e cable connected to the Phis.

ILJ
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White

Civculb anialveis tor deaipains i R
carriced cut using the RLET-2 corpoter ende, NET=2 per-
fnres tracaient avaivsls of conplicated networes,
I cuapable ol handliny tice-depeadent nen-liacar ivped-
ance clements.  Hy coupling the cjuaticn for the plasea
motlon lato the circuic araelysis we Inclute the etfectsy
of the fupluding plorva, dcecording to the bounce wrodel,
until the sheath bas reacied cre=tnitd of {ts orlgipal
rodivs,  lrea this po'nt on tle sticath radius is assumed

to be coustant. This sicpiitics o bouncing plasma
situation which Is too corplicatid to predict accuracely
and of vhich the effects are woall in any case.

In the stuldy of the water lne svsten centioned
ahove it wos necessary to consider fast high-current
charging froa the Margvs., This was because of the known
depradation of diclectric strongth of water with ox-
posure time, ond becausce of the cenductivity of waler,
which Jeads to o short chuarge docay tice of a water-
irsuliated capacitor. It became apparent that a high
cravginy current ar {iripg tioe contributes subst.an-
tially to system porformance,  Ag in a peaking capacl-
tor systes, the charying curreut can be diverted to
the load without degradatien by chrpacitoer inductance.
This priaciple will be applivd tuv our PFN svstenm by
charging the Marxes so that if the louad switches were
nut fired the cioracitors would be charyed to 184 kV
by 2.28 j.sec, subscaatialliy abeve thelr voltage rating.
The load switches are fired at 1.37 psec, when tie
capacitors recach 125 kV., The charping current is
gbour 280 kA at this time, a lictle bit past its po <,
It stays above 250 k) for the full pulse tine of tl.
coil, and thus contributes at leds?t this much to the
coil currunt., The tine behavioar cf thoe nore imvortant
voltages aad currents are showa i1 Fig. 2 as couputed.
The curve marked Vi, is the voltage at the high-
voltage end of the Marx yenerators where it is sub-
ttantially decreased frem its cpen circuit value by
the Marx intcrnal incuc.oonce.

The rdin loda switches dre nulti-channel ticld
distortion rail gaps built by Physics International
(FT). Thoy ure used in pairs, two of thewm connecting
cach PFN to its coil {ced slot. 1he rail gess are a
vodification ef a design used upiler water by I'L for
switchipg considerably Lipher voltages. Extensilons on
the acrylic plastic spavk gap boedies allow operation
in air at 125 LV with voltage pracing described in the
next peper. The gaps ave filled with high puricy dry
N2 to about 5 atrosphercs and can be trigiered so as
to have 10 tc 20 sparx chiannels in parallel. All
elght gaps will be iriygered tren a single paster pop.
The full system has not yet been triggered or even

Slava bl

angd

asscewbled, but the master pgap vith all eight load “les
kas becen used to trigper one gup successiully, !
triygser pulse at the load end L an unterminated &: er

cable rises at about 30 kV/nsec.

It should be ernphasized tiut the load curreat and
voltayne will depend on the dyvnamic and resistive char-
acteristics ol the actual plasna, and that those char-
acteristics are unknown awl are preciscly what the ex-
pr rinent is desivned to teasure, Another ipportant
qucstiou 14 that of preionization. Present plans are
to use a rolatively low frequency theta=pinch discharge
isoluted through cable inductance froa che high voltaye
of the I'Flise A (ull sicale test systew 1s in operation
at the tine of writing this paper.
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Fig. 1 Pulse Forcing Network &
~ -

Cl 1s 4 0.2 ,F 125 kV capacitors in parallel.

C2 1s 3 0.4 ;:F 125 &V capacitors in parallel. (5]
Irductances aove Cl and C2 are capaciicr plus E? =

header irnductance. 6.7 i {acductance on right >
1s za~t of switch and coil feed. Ne:werk at ° -

left represents 2 Marx generaters in parallel >

with bleed resistors. Idential metworks con-
nected %0 ali 4 coll feed siots.

2
Time (usec)

Fig. 2 Calculated wave forms of circuit of Fig. 1
driving plasma load assumed to have 10<1
deuterons/a3. Bounce model perfect magnetic
Piston starting at inner wall of tube
(' = 0.18 m). Coil 1l-m long with inner radius

.20 m. Plasma motion stopped at 1/3 of
initial radivs. Marx no-load voltage 190 kv.
Ny . ! S4 Fad []
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