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P20rlBovroomhm ap’tai~tob toabaiqwoo *XO

boiog dovo20pod for we la qhoivo-dtivoa rnzti+
fkw~ogproooba~rator appl~uotioao. A m test
hod hr psrfo%miag low-uoot owporinatattoo Im dom-
aribod. ~riwootm with -0.15 UA/on hoar aarraot
dowlty Sn the witch bow ●thiovod mistanee
Aaerooooo of a factor 9f 10 in ● *OU buadrod
Oonoooaoads. Po& field @trou@bo of 30 kV/ox ●ro
~ratod in tham toots. Data ●re Sroooxted frox
psolimioory tests that 18dlaata roduaod prosour~ L8
tbg PMOXXcaWty oobxaaooowiteh Porfomnca.

MOW ●bowoa for produetog muti-~*ro
Ourroat FJlo@o With rimtins of ● fau huadrcd
oaoooaaomdo roquim ●n oponinE titch to provida tho
aqrossioa of a dower high currant pulsa. Pus.
toahaiquao for opoaioBtwitahes hove hem oxtondcd to
very bich curraat raqeo 1,2 but hovo tho
dioadvontau~s of boviag u MrAtad ratio of total
PUISO Iongth to opoainc tino ●nd not boi~ ● oa-am
mad W.tah. A switch oopabla of Iatwruptiii hish
aurrcut pulms of ●ny laqch ou-c~ad was dcncribod
by ?mlovokii , ●t ●l. a Uo ●rc ●plorins th
prcspouts of Usins this toahniqua in our
●ppliaat lam o uhiah omloy f ●m czplusivo drivm MS-
aat ic flux c~rg88ion Soooratora 00 high aurrsnt
muppliaa.

Tlwo plaou asrosaioo opoaiasovitchcs dcpond
on aarly Stqcs of tha ourrmat PU1OOto aaus~ tho
formotioo of ● plammo that hxo high aoaductitity
duriq tho aoaduatioo Fhaco of tba owikah. OIMVCII
of tht ptiSN owity 10 ● bish ●PIOtiVO ●ndo wham
datoo~tod, tba SW1OSIVOb~qroduata ●a Introduced
into tha catity -t bi@ prommss, Iuermsins tlm
plamo rasiatmaoo TIM physical ~ehmims am-log
thio roaimanao inaroam ●ra ● ●bjoat of thio ro-
Sooraho In ●dditioa, tba ro.mrah 10 aimed ●t
ahormtmrimiag ●nd t~rwin8 owitah porformnca ●t
aurrant doaoitioo o~ i0torc9tQ

Uo dsaaribo hare ● MU tact Comtry tbot ●llowt
owitah pcrformaac data to ho obtaiood aaauratoly wad
ioown8ivoly9 In bdditioo, rowltm of taots p*r-
fo-d IS tho aou gomtry umin$ aapmitor baab ood
M@h ●xphtivo drivom Wt~@CtC tk aaqroaoioa fon-
●ators 80 pwor ●upplias ●rc prosontcd. PiMLlr,
moults froa wpwinnto Aooimcd to c~lora owitah
moohoaiom ●ro praoootad.

m~

PS@ro 1 Illuotraeoo tbogo-wy totreduood by
MV1OVOM foe ptitm a~rooeh opaaiag owitabas.
Xmprisoiplo, thgo 10 tba idoai mr~t for tbc
titcb, It bu ~ fta~d~cryti tba p&OUO
~tit~ d ~ i00&tt09 botwooa deaf:rdog *ri*
tbt bA@ volts@ opaoiq tto$oo. It 10 dOO OIMW8-

SoP,t ia tbta ~try to OaMplo tbo Omtpwt ●e tbo
0v2tob to ● ●oodol 3064. X~ imp kouowr, vow
W*W- tiw aoBodo8 rotabrlooto a ounabof
th tppo Sso Aoa ROOmlt, it ia90t~lrootiaol for

v
-Vd b# tbobttod ,tatOO ~~t of

-*

I

Figure 1.

parfwxin8
●to owitch

?iaowo c~rasstoo opiningowitch gaowotry
introduced by Pmrlovokii. Current flowing
in tbc cooxial regioa returns to ground
throqh tho plasxo aavity initially ●nd
throu@ tho ●xtcroal load aftar tho
datooator ovit<heo ●re sctuctcd.

tho fifty to 100 tsats required to wdu-
eharactmr~atirm.

Pi~rc 2 Illumtratac ● mu ●rrmsawont w havo
davimd for coaduatiag owitch ●valuation oxparimmts.
?bis smMtry aoqdicstc8 4M1YS18 by i~08ing
dactric field ●nd atwraat dmoity in tha plasoa
awity that vxry ●m 1/;, u!mrm r 18 tha distmcc from
tho amtsr of tha woatncric ●lcctrodts. It dots,

Wnnowsvo ●nploolvo lono

8MVUWOU7AWAY (maofiod to Inner ●toatrodo)

=“”’”’”’’’’””

@

t
Innofotoawdo

--*- Arrowt lndlmto dhootlon

4
●f oumont flow

~ltof tmdadl,mo,o,
●r Otootrodoaamotof

TOPVMWOU?AWAY

~tt ~o (htowtydtotabao ●htiq tho OidO ●nd top
VSOWOof tbo M tam @amotry. AW-
hdiaato dlroatba of ourroat flou 10 both
Hwo. D2mooiaoA la tbo diontor of tbo
Lnor ●loatrodo tmd B to tb~ diontor of
tbo tutor doatwdo.



bOUCVCr, pWVddC ~ field ~tty and ~hi@t
volt88* isotitiom bam tba dactrodao ●t Opaaiag
tiwc. It im a200 %aupaaalva to bugld aad aparstein
●se tw8 Up to ~ cm dmtar. (TW 30 cm M8it
to ~~d by tha mci2ability of ~ iaaxpaaalva
●xplosiva plea, lmva laaaos for ●tadtaaooasly
detoartlq the @CCNl C~rOS@$OU ,~loalvao ) Tbo dc-
●i@l i@ d80 daptabla to 0pCr8ttoa 00 tha @ad of CO-

axial tmaa8d88ioo Maac or ia tb oaaterof mrdkl
p2ato trmadosloa limo. It 8ppoata to b9 ●

cttsi@tfo~rd problem to awitcb to ● parslld load
in tha parallel plata pawtry, but sore difficult lf
tha cuitcb i. on tha and of coaxial .x@ctrodes. To
datm, wo havsmcdaao ●ttqt to aoo this switch for
eny PWTPOM othar thanWitch WChatioa.

Tlm poucr mppllam amd in our opmtinc crotch
●ppltcatiom ●rm ●rploaivadrtvan mgaetic flux com-
presnfon gemratora. TMsa daticas raqutre ●

cxteraal initial field eourcc, ●nd for tkls purpoos
W* have ● coavcatloaal capacitor bank capable of
dalivarlog masawara currants with risatimao on tha
order af 20 UC. Tbo m8t ●xp@diant vuy to parform
SM1l ●cale opening switch ●xpertimnta ia to uaa tha
capacitor bank ●a ● primary power supply.

To test our new aeom:ry in thlm mener, va
ccalod tha switch SIZO to oparatc ●t tha 1 MAMvcl.
In Bc@lifIc tho twitch, va talw th~ diotmco (B-A)/2
to kc tho Ian#th of th~ plaOM cavdty, ●nd tho
clrcumfaranca (w/2) (B+A) ●s th. avarasa witch
width . TIM plume cmrlty depth ts 0.30 C8 in all
tasts. Th langth is umd for c~utins warasa
cl~ctric fiald ctrm@hs, ●nd tho width for
dstcmlning ●o ●verage valua of currant par unit
width in thm Plasma. Wa choee A-1.27 cm and
B-2.54 cm for our BBC1l scalt ●paimants, which
provid@8 ●n ●vmasa cur;avt density of ~0.l? MA/cm●t
● paak cuimnt of 1 N&

Tho currant history ●nd currmt dmiaity ●re i8-
portmt factor8 in tha operation oi’ dwlcae of thim
type and h the ujority of our taats w hwa
●tta~tod to kaep those two varlabloa rthtivaly
fixed. Within thim constraint, uc pr~rily coasidar
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tkraa Parmatora in avahsat~ awttch partmmaacc.
~U first 1, tba - Zn roctct~~ ubaa tha •~lO-

●iva Imtoracta udtb tha p2aaM. Tha •~coad ;8 the
rat. of cbaosc of the tealataaoa, aad tho thtrd S8
the avaraca flald ●sth ●t paak switch Voltsso.
Raoulto frm axp~rtaats ualoe our aav gsoutry
mmal cwdtch partormmcm that 18 greatly :wrovcd ia
cqartmoa w:th rcml:s obtalaad La pravious cull
8“Ale •~ar%mamtm ami~ paralld p2ate ~omatry for
tbo switch ccvity.’

Th curve la Ylg. 3 shwc tha raalataaco in,.
craaaa obtained la m ●perinat umiag tho aau 8u11
8CC18 tcmt davlc,. Thm CUM ie typical of tim
ruultw obtaiaad ia tham ccpacttot baak wpwiwata.
Tbm ramimtaaca iocraaaea by ● factor of -10 in ● few
hundrad aaaosocoads. Tha psak flcld 6tr*~th fo:
thim taatuao -30 kV/cm.

WC hava ●chimmd ~ood rq,moduciblllty froa teat
to taot with this aMll scala switch. AC ● rcorltb
w ●rpect to kc ●bla to porfom definitive experi-
ments relat%va to fuadaaantal ●ticch mchmima.
Son prel~aary ●xpmimantm of this type ●. pre-
●antod in ● later ●actioa,

:8 ordar to ●acartaia tha Vclldity of our small
8cal@ taot rcmlts when ●pplied to lm8@r dwlca8, Wa
have run ● ●~rioo of taots umiag parallal plato cx-
plo8iva4rfvaa mgmtic flux cmr888ioa 8eaer*tcmu
●s tha primo pwar mupply for lmaar switch
●mmtilios. UC scalad two separata parantaro for
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m ~. M* A-as a ad 2197.s cm, tbc -?0s0
~oftbooudtohiols.7 cm, ~ it
to ~ 2.SWA ●t m ~ourrcmtdoooityof
es~t ~- ti Odddtkt, tho Wtlo of 2co@h tO
odrowf~ to 4. M for tbio titoh cc ~rod to
+ il 28 oor rnll ●or~ tooto. mral otbor porom=
0t8ro 0200 &fOut the Uiml ruictoaoc, bat M
-toh miot@ooo 00020Uaooordh, to tbio rctlo, tbo
rooioe of tho -r ●ols dowioo ohonld be ●bout
on W ● holf tiwo that of the OMU ●do owitats.

W Mm yorfornd s SM1l -r of thou oaplo-
Fivo gooarmor pouorcd ovitch twtm cad tha
reoiotoaee ourvo from aao of them io ohom in
?%8. 4* h thiR Wet, w Cllrroat A9nosty Wa8
0,16 IWOO ●t ouiteh tin, zllwias ● dgroet uwri-
●00 Wi”ll cull ●4C1O moultss Tho C’octstanco im-
m~cooa by ● factor of -10 in 100- than SWIM Sa
thio toot. Tbc ~ f icld ●troa#h %8 24 k~/CWe W

●ch teats worm parfomd ● tkiiaoarwat hrdtty
with similar rosoltc. It cppocrs that the oWtah aaa
kc @tcZod Up to k~r ,;8ss without aay ●VOm
dvaroa ●f f ●ct c cm owit ch porf ormnco.

do ● fiaal crnat 00 •ali~, w oxpmt avitch
ros~stmmc just prior to amraotioa to kc dopoadont
Oa the total currcat hiotory, so vo do aot
Ooccooarily ●xp@ct this paromotor to ●oalo in ● tast
wbm* tho ourrant himosy :@ dif faroat. Pock
rcaistmc~r m tha othor haads my or MY *t 0CS16
dapoadi~ m the ovitchi~ mocbaaiom. A saraful ●ct
of oxparioonts dedicasmd to thim poiat will provide
valuable iaformctioo for dotsrmiai~ the aoebcaim
i~ortmt in tha ra8i8taace rim. Sp~cifiadly, &f
pack roaiotoocc :B fouad to kc ● fuactioaof iaitial
roaiotaaaacthsa tha witch wchcaim is Iikoly to kc
puro eompraoeioo at eoaotaat roaistivity. Ifpmk
rccistanac :s not ● Suactioa of initial roaiotcocaO
pure c~r~omioa ic susaly aot tho SOIS Cvitchias
mocbanim. Am iataraatiat aoasaqumca of th~ ovitch
ncbmism boiag pura omrosoioa is that th, ratio of
fiaol to initial raoistmm vould kc fixed for ●

Civoa intoraol cnarw in ths PIMM,

Our primary aoooidoratioa in this projmt is tha
opcratiu charactariatioc of theso Witabeo at rcLa-
tivcly hi8h aurrant dmaoitiam. It ie worth Poiatiat
out, howevoro that ia ● fov ●aparimoata ●t aurrcat
doooitica troll Wlovthooo eikad @o far, ●ifolfimmt
saina in paak owiteb rosistaaoo bwo boca sohiovcd.
?ifura 5 :0 ● r~sistaaac plot frooaa wplooivo p4n-
●ator pouorad taat ttoiac● ovitoh vitb 8-7,S am cad
A-2,5 a~, The mmcat dmoity ia tbio shot vas oaly
O.O.MA/am, cad ths r~slotaoeo iaercooaa by a faator
e! 190 Th9 raai8tOa86 T:SO 000W!Sin-~mu, ●nd
peak field ●trancth 0 25 kV/oo, toduai~ tho
aurraat doaoity ●pparoat:~ Mkm ● aigo$itooat iD-
provcna t ia ouitah portormcaeoo

Amjor @ool of thio rooocroh 10 omdcrstoadias
tbo phyoioal moboaiom madorlyia# tb~ rceimoaoo
S:00 ●bmrvod in phOM Q~rODOiOO OVitoh@O. fho
w ouiteh ~try prevddos smomclhat mot bed
for porfti~ dcfisitivo ●qorhnto~ 094 uo ●rc
pro400diuvith m •~rimta: prqrcnto ebio cod.

Our f&rot ●ffotts bovc Moo Urootod tao d
eootdqa Ouitcbwl propooodby OrooM Ot do c

24004 09 Mffsriq morgy ●Mo durdms tko p240m
* ?rotOOo, tho 9doi prodiceo *rovo*

s== :9 Oom Wauutowooo m fs?st m?i-
HOdi ootioo woo to doeomgo *tkor w Mdeorowa
MQ2d At doto4eod ~rimata12y2soatao *rotho
9tdoaprodtmd UffQmooo toooomr.

t ( pm)

Pigora 9. Xosistmtc@ iacrocsa ●chiovod in ● scslod
up ouitch taot ●t rsduccd liaoar currant
doaoity.

A fowpralitiacry ●apmimoats uarc dadicat~d to
taatiq th~ prodictioa that plmamas formod from dtf-
~eroat gassoa initially in tbo cavity will produce
diffmnt owitcb pcrformacc, Tho aodal prodicta
that a p~M hwm~ c~htaly ●trippad iOnB will
aoavcrt much of th@ ●ncrfy of c~rcaaion into thm,-
001 cnmgy~ thwoby raioias the pla#M conductivity.
A plcamo of this type would mcka ● raLativcly poor
ovitch o~arad to ● plamc lnuh%ch ●a abundmcm of
ioui8atioa 8tato8 ●rc ●milebla ●s ●asrfy sinko. To
ma if wc aould damomtrato this point, E@ ●nd xc
voro iatroducad into the switch cavity am mparata
@XperiOoatC~ Tbaac two umco Ware choson with tho
motion tbct 30 sight FM fully mrippcd, but xc vould
auroly mot ho.

TtA tccto proved iaeoaclumivo, ● uo mmmabla
diffmoaaos ooaurrcd botvoga tha tcotcvith Ro and
Xc, but no diagnomtiaa ucrc umd to dtt~rmlno ths
ioai~atioa ota?o ia ●ithar ●hot. Tba parfornncc of
tho awitah uoi~ ●ir in tho oovity woo tlichtly
bottm thoo ●ithor of tho othar ovitahas, hwovor.
9ino@ amotbor typo ●~minnt w ovdlablo for
tootiaf the ~lb further totto of thto typ~ havo
boon pootpoaodo

Amotbar sat of prolidaory toot. vwo pwfmaod
to ohcak tha prtdiotioo that roduai~ tho prmsura in
tbo ~toh ocvity would i~rovc ouf,tah porfo~aat.
AC t. th~ pt0ViOU4 860tc, 6h0 tppliodvolt~ wo
Mood to broth dtua the *S (air) in tha oudtah Sap,
Thio did roquiro, hwovor, thotproaourobo ●bwo tho
aritioal point or tbo Pooohoa aurvo, ●d hoaaa ●8par-
lmomts two porfornd ●t 1,5 Torr. 20 Torr Rod
●mpboriap rooma. =ta from thooo toot. arc pro-
Oo,tod :8 P@. L
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Tho figura show that ts-tc ● ●tmmphcric
promm ●nd 20 Torr aro vary 8imilm, but thut tho
teat ●t 1,S To?r iu measurably improvod. TM test ●t
1.5 Torr W*8 repeatad with a oimilar ramult.
Appmmtly th- affact of tha rsduccd pr-saura is to

●nhance witch parformanco.

‘Tkcsa sxpmimanto havo not coacluoivoly tootod
tho daails of tha oodcl, but do show traods that tha
,mlal pradictc. Yurthar vnrk will bc raquirad to
teat tha model in ● quaatitstiw way,

A new tmmt bed haa baen dwAed that CSVW
rsproducibl~ vosulto iu ● configuration that it
S:PIS ●d intrpcn@ivo to uoa. It ●ppsars that
scalin~ laws dctomirmd from mall scala testtns in
the nav tmt b~d can ba sppliod to lmgor dwfc~c.
Ao ● ramlt$ ●xparimonts laadlng to a Sood char8ct@r-
iaation of witch pmformoac~ ●nd aachaniam ar- nou
pooolbla.

Our ●xparimnte, to data, tn$ioata that
raalstmct incrmoas of ● fmctor >10 art posoibla ●t
linaar currtint dmoitisa of 0.15 NA/cm, with rioo-
timos of a fou huadrod canoaecondo. Louar currmt
dwmitlas will provide Iarsm’ raoiotancc inar~aocs.
?-ak svorqo fi$ld otran@hs of -30 kV/cm oan ba
tapoctcd. In m$dition, th~ tmdoacy for bottw
●witch porfomnoa in Gn initially ovacuat~d owitah
otvley has bean dmmatratgd.
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