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LINEAR PINCH WOlU{ IN BERKELEY 

by 

O. A. Andel'sotl and W. 1\~ Bakel' 

Unlve~$lty of CaUlol'l'lla Radiation LaborafDry 
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Experiments cottducted wltb the Unear pinch have dis
closed more facto". l.n the mech_ica of. this phenomenon~ 
The addition of a ll1agnetlc field p.ratlel to tbe ptnch axis 
modifies ~e pinet;. eharacterl.tlc8 and Ilotabi, affects the 
mstabUit!es. An effective diagnostic tool. the Z .. field pick ... 

. up loop. bas beG lntl'octuced. Photograph a of the break\lp . 
of the pinch with. Z field mdicatea corkeerew in_bUity as 
predicted from Z .. toop data. I:ft.ulal~r hang ... up bas been 
encountered with a. system driven by a water·di.lec~l'tc 
capacit,or. and a abnple solution for the problem has. been 
lound. . 

I. FAST PlNCH 

. , . Our work wlthfalit .. ,dnch dtach.argea started more than a year ago, 
but the res~t8 at tbattlme were not very lntereating because, (1) our 
stored 61lergy Was small. (2) we bad not Yet 41acovel'ed the advantages 
of quartz, and (3) we w!treQtt fully aware of the need for what we now 
call atarttns current .• 

It has been 11 difficult problem throughout the Sherwood Project 
to ootaira a duitable BO\U'ce ofh1Sh ellersy' for a fa.t elischarge. Exist
lng comrnerctal capacitors are notaciequa'te. and improved versions, 
although ea,y,to desip,. are apparently not eaty to manufacture. WbUe 
walling what baG aeemed an tn~redib1y long tirne for a few btgll-voltage 
low .. lDductance ccmdenaere to be commerela11y produced vie have 
worked up a home .. made subsUtute. 

. . 
This capacitor. employing water as the dielectdc material. can 

unfortunately only be described as makeshift. for ita operation i8 far 
from reliable. However. the limited number of Bucce8diu! discharges 

-1-. 
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~:,''> :':~:\.<',,:,' : ,it~e pl'och1:~ecl 'have '~iv~n lnteteetingre.u1te.' and we intend ~o pur8ue 
~/j .. ~,,: ,;·.·tur:the~:"'the: last-pinch work withsometh~Dg le,ee.recalcitrant • ..... "."' .. ;. 

i;,~' .: y, .,'. . ~'. i1'he water capacitor we used lor our 'recetlt wor~ is shoWn ache-
~ ('~, ,. '. 'maneally lD. "ig~l.. 1b.e approximate numb4trs for the capacitor it.elf 
~~' ,~::. .8i'e: ~lellatb., 30 ft. average dlameter,8 iD.: electrode spa4:ing. 3/8 in.; 
f ' ',:" . 4ap~city. 0.5 .a'-impedance a.s tl'an.mb.lon, liDe, O~ 15 'D; two-way prop· , 

'agatl(m,tilne,·O. 6~e(a,brealtdownvoltage .hopedfol' (baaed on s~all 
:'mod~e.). 300'kv; "'l'e,akdown·volt.geobtai~(l to. practi~e, 150 kv~ 

/'" ~ 
1 ~ ~ . 41, I ... . 

, . 

;', . 
;', 

:' ,·:'.1'hedlschar-ge,:tube:, a.l-o.'C:hematicaUY repreeentedln Jrig. I, is' . 
qu.a.;iz,.,3 ift. ,in df,ameter and. (, lft~ 10ag. The ~Qde at tb:e tube connec'ts 

, to the o",t'ideJ'etUn':plpe 6f the capacitor. ,and the c:athod~ connects to " 
I ': ~. , . the titrli'r ele~t:04e tllf'ougba 'preesut'ized .park gallo The cathode is . ~ 
f: ' , ,,',., ,.aHa:o).hown connectec1 totw9cablee. On.e iaa .ignal ,~able and goes to t . :'-... .~' ,:' 'a volta,. d~v1del", an.d the 'othe,r ',I us'ed to bring in low:"level fltarting 
L " . ' curr~'D~ ~tn ad:vance o~ the 'faet bigh·level di~Charge. 
~.I" .,. '" • , • ~. I. 

~" ," ( " .' .~, . "~'" ,StartiQ,g ~,*rr~at' ,~em.:·t.o be r~qUired byna~re in 'a ':{a~t-plrteh, 
" '. ,"~, :::.etup. and thGs.e platifttng .imUar work may be in.ter~sted in some de ... 
~~ ,: ';' ", : ". ta~~'" When a higb-~l.ta,e i:9Il~cm.er l~ sWitched toa:.cold pinch tube 
~': "",' .. : . ..:. ,the gradient ,during bi'ea:ltdo,.qb is too higb for ~fficiel1t lonlzatl()A of the" 
", .• ~" t ~: ,'gae.' in a typical 8eome1!I'Y~'.l'rIany high .. speed electroi'l$ will strike the 
':. , ' ... ' . illewall.g wall. If ih~ circuit lnductance is, very low. current wUl in-
f,;. ,,' ,',",. cJ"ea8:~ :rapidly, but i_ .lJ1tely:tO.l1ow attbe' inswator, and not in the gas. , 

, ',' '" When we,operated under the~e conditton.. we observed no pinch aymptoms' 
'':'" . , . 1ft the voltage or c\'l~teQt -j~gna18. Because 'we knew pinches were not 
~~~:',/,., i;(f 't': impq~alble. we m6;4~' tJte ~at\1~tU; mo.e: . we ·trta,rted, with a slowlyriaing ", 
;~~; ::i:,;:.""',\, ",~ ~c\U'Jo.llt ,to tOlii~e and.Ughtly pinch tl;\e gal, 'and)hen 'switched on th~' ,'" 
:;,'-0:;'"\' 7-,." ·;watei". e:ond4!!il,ser. 1'hi~ ... wo:rked Rropel'1y when the:,starting 'cur'r'ent :Nas 
,';' ',>' , a4justed to reach ,al1east:i ,K 10~,airiperes(aboQ.t ·rigbt to .tart a weak . 
; ,,:',::,,';, ,r:' 'pi!l~~) ,b1tbe timeo( ,me'main dl~c:h.rge.The' relatively, high lnducta~ce ' 

"~,. ' . ,3)£ ·the atartmgcurrent c:irtutt divet~e little 'cUr'rent:fro~the fast-pinch 
'.\ " 'elrcuit.' . . , " " ' '.,. 

'" .' .... 4" • :,," • " ~ •• , . 
~ . '.. . . , . " ~ .".. . .... . 

' . .' ' , .", "':..:' Figure 2 .bows th~ voltage~ cur~ent.,arld neutron faei:·scintiUator 
: .. ~, ,". : ..... twa\tcFfol"m,a!I obtatn,e4 when:'U'te cOhdenser wail charged to t~() kv. just 
~.. ','., ... ' ,:'below th~ point 'of aeU-dei:q:uctiOb,' aild, tbe ltlitial pressure was 100 1£ 

, .. ' .'~', ' of~i. '~etrac:e. etart ,bIi.I,t ·.after,.S;!. bre-akdown. andfo~ ·the firet 
,"" ,0.8 ~eec the .starting eUJ."rent·:l. r'l.ing I:\t about 0.1 kamp/s~ake while' 
, : ,the,v()ltage ltaya'low. Th~~ ~e water capacitor is swit~hecton and 

.. " '~ .. ', ' the mainpinchta1,ces·pla~~'. Thevoltag~, on the tube jumps to '40kv, 
,....... . almost 1/3 ,of the lultlal cottdenser -Voltage, and the current startl climb .. 

'., ~g at the rate of 'about io kamp I ebak~' or ~ x' 10 1Z amp Ieee. This is 

,,' , 

" "'. 

sik titn4!!e the fa.test rate obtained tn our pl'eviou.ly reported work with _ 
.' slow ~onden.er ••.• and. tacicientally. twice the b4!8t figure mentioned by 
KurchatQf£ ~' . . . . 

, " .. ' " ' The v~tAge. padienton the. ~be. due first to Li and later to IL. 
,. atartt' around 3 kv/cm dtlriDI the pinch time. ~he current dip a to a 

t. 

, '. 

. ' 
, ' 
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~..~ .. . r. _ ';: • ~ ..• : ,. • . . ' , 

,'. . :.' .' 1-m~nlmum a1)o~t Q.'3 .,..ee;:, from the .tart of the plnc~' ud thi. dip pre'· 
: ,I,. ,.H, I, "J"-",;iumably C'orreepou4la to the mtnimUtn diameter of the current .heath., 

.' " :':.:- ,:~:',(·Thetim4! to th,& dip w,... een.ttl.-e, of COllr.e, to gas press\lre and con-
... :"~ : " 'deoeer'voltage.' aDd could be incl'oa.ed to at least 0.6 ... ,ec, which wa.., 

" 

, , . ' .'beyond the natural eurre~t peak. No 4ip at all wal observed in theab ... 
,:, 1 ' -', ' " ',aenctt of the start~g cQ.rrent.,) The neutrOnsign~ eta'rta about the time ' 
';' ~",. '::·cttb,c~rl"entdip ift Fig. 2,. B'etweetl. ,lOS aud 10 neutrons were.prod~cecl 

" .:.' .,':. .',:_ .by ~e, diecharge .,- " :. , ' .,' 

, I 

. ' 

" . ~. The·pinch-~l1be, current and voltage slgnal ll become bard to follow 
.a.ft~r the .current dip becauae of reflecti.on. cau.ed by the gt!lometry of 

the 'watercondeneer ~ 1'beae eUects may aa well be ignored, since in 
,'~ • t 

• OYz fu~ve work the energy will be .tored in lumped condeneera rath'er 
than 1D. transmission lines. ' .-, . 

, , 

. ,'The ,.lo~-pincbVlork at Berkeley (.see ,PrincetC)n ,report, Baker' 
and Ander.on; and Oatli1lb",rg report, lee' and Pyle) 1!I~()wed that Uc!lutrO'&'1e 

'. ..., ,,' may he produc,ed to a Jow-ene .. sy pioc:h by pl".ma iD.tabUity~ These 
" '. , '::'ileutroo'e ".ually appeared at the third bol,Jn~e. ~ogether witli bash in . 

~ < " , 'the vOltage atld C:Ui'r.eflt 8ignals~ thel:L, Ileu~~,yteld fell' when the condenser 
, vol*ag-e ;was rail edf;abOve40 or 50 kv. TP-e ploch .peed was too low to . 

, . '.: ! lead ,-one to expect very high temperatut·el. 
, ,~, . 

, ~ . ',: :,/iWltb the fa.i pmch, thee~idenc~ ,is qUlte different: ( 1) The Deu .. 
, . '.- tton.appear on th~,£tr.t~~ounce. w,lth ·no .eeoc:iated h$.8h Qft the other 

. , " 'ei~~~ (!) ,Neu~i'on yl~~~tUl the. ~'eeply with con~enser voltage 
'.'. near ,l~O t.v. ,(3) the htg~ pinch,:apeedbnplie8 a ~our.£old inc:reaee in 

.' .', ~ , de~rouenergy over OUl' be.t ,low, pt.ncl1~t the firetbouQce.. Ai though 
,< .: < ."it ls"harcl'to, say e~~tly what; ~effect1v~f e~ergy i •• it may be h'gb 
\" ,'. _ ::enough. to belntereettll:8.ln the faat;pinch~ ttle 1U!lutron .. p~oduction 

. ZJ::lechardem'. in: any,ease. merits cari!fa.l'l~veatig.tion.. Robert V. Pyle 
. ,'and JOhnI'~t' Ir. 31'0 p1ann{ag to st\1dy the.ne\ltron energy d,lst~ibution 

.. '~ '., a •. ~o:u,&. a reliable :fa-8t·p~ch .y8t~m it avaUabl,e. 

" t ~ 
. I 

• • . .." ~'I ~ :-.. . 

.... ~ .. ' - ' . " .' ·r. " " D.~ 61' AB1t4Z$D PiNCH ~XPE1UMENTS 
.'" .}-, .. '-"~-'. " . , 

" '. ~ :( ., , Sbic.e J)e~em:ber •. Sttrl~g Colg .. t~ ~. been promoting interest . 
. ": . "th1to.tlghout a good part of the' Sherwood Proj.ect in the' etabUi&.ed pinch. 
. , 'We de.crlhe,here ,lOme 'of the work, we have done recently at Bfli-keley. 

, . mosl1y iftfltigated by . Colga,te ~ , 
, i . . 

~ . "': ,'" 

.'; 

': ... 

...... ~ ... :' " A b1>ical expertrh~tal 'co~figul"ation i. given in Fig. '3. 'The dc 
.' ~iJ).c~ine' we bDrrowe~·to supply C\U"rettt to" the -stabUizing lield coU. 
"pel'mit* anS .. kUogaues field. 'and'the' viater-c'ooted coUs are good for 
, still mO~'e current:,,~~o',tol th~w(rr1tba. been d'one in the range of 
500 to 5000 'gaui.. the .,S ... ln. 'q\1a~tc 'tube _bown in Fig. 3 i, enclo.ed 
by tHe 'ltenat beaVY"'Vf~ll cQPpe%' returD conductor, which in thb ca.e 
-also ,serve. 'to bo~le up the .~b~lzing £lux •. The pi-ekup loop .hown . 
plac~d :in the · .• mall spate het",veell the quartz and <:opper is boWl'}; a& 

"the 'z JoOp. '; We llor.maUy i.nt~grate the Z ... loo~ ,"'{ave form. getting a 
,'; ,flux stgnal rather .tl1atl r~te of chang •• t nux. Flpl'~8.44 and4b show 

[»fEClASS~f~E1ID 

f 

. , 

\ 
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~how the <:~rent and Z .. loop flux .1go&h. relpectiveiy, change with initial 
" "Coadecser voltage. These are -:interpr~ted"lth ~h'e aid. of Fig.S, which 

. ahDyt. the Z ... lc)op il,ux:.i~ tetKii.ng to flatten off at a definite value ae 
: the pinch tadiu. h 'decreaaed! The amplitude at the, flat t~p8 in Traces 
· .2 'and 3 qfFlg.4b checks with the calculated nlue for the Z-field strength 
" '~d. -dtmenaiolls involved. This .amplitude, can be eitceeded, however. .if 

the pinch conff.guratiol'l changes, a. shown at ~e t'lght in Fig. 5. so that 
,the pinch current itself can produce a. co~t!'ibudon to the Z field.. The 

'fourth and fifth Uac:el iDEig. 4b, show tbh in.tabUity effect. 'The valqe 
':' of current at which 'the In.-tability appears seemB to agree- with theory 

," (.ee aoaenbluth. LA-1030)_ . , '. ' . , 
;' .' _The photograph. in Fig, •• weret,aken looking in the end of a . 
'stabUlzed pinchtu.be'ari'~ge4. to be ,parti<:ularlyunstal;tle (high residual 

'. ,Z lielcl external to the·tJUich). The~e hconaiclerable background light, 
, sinc.8 no Kerr ce~ Viae u.ed, 'and ,lome of the' origi'ftal detail ma.y be 

losi in reproductiQfl.lJ\ltclole examm.ation .houlel reveal foreshortened 
cork.crew. of OPPosite Sellae in the tINO 'pictures. , The direction of Z 

. field 'btever.eg, in the secondphotbgraph., .In the ,absence of stabUh:ing 
, ii'eld the gas (deutetiW'l'l) \Vould ~e ~o'hi-Shlyiol\ized-to produce much 
· light." b':'1 wlth' tb:e Z field ,the tempe~atllr,e iii ,lower. , ' .. 

6 .. • ' • ~ •• 

':,~ _. "' 'We have work in ,,.rog1'e'8 wWl a 'sta~Ui~'ed p1n:chof higher energy. 
'and hav,e 'had'promlalng reeuJ,t8 vnth a. sy.tem in which most of the itt
.u.latQl" haa bee~ eliminatod. . . The ev~ntua1 hope ia to buUd a. toroidal 
.atabill$ed PUlchw.be not requiring atoroid~ in.wator.,"':: '~lsc::!1:\V(~ 
?}l7.n 5' for ,~ ~t() biU,i.,ed' '::'C:::l;::i:hd •. dor."u.l<i . ...: ..... n :l .. ::J ,!:"·<::,il:1iu!;l:::n' M~ \~:hi'C'~,'~ ~l! 
.3~},~}'nt'·.:: /tithctr" ...,.;ith,;.:mt' high'·r;"-rli:'-r-~;ti'~'n ·yd(,.dJ:i.:~"~;.~ . • 

\ ~I. r , " f . \. " 

" ,_!', \.,' , ' . ' "" 

, ' So mUch,trQuble hat .be~ eneoUutin"ecl wlth pin(:h .. tube mau1ators 
,thai tor .orne UPle,work ha. been gomg on ',in ,an effort to r~prace the 
'glass tube wtth-a meta1'.one. At Colgate',' .ugiestion. w~ exper1mente~ 

with',a, .• e~eme ~t.ftg the.lon-pumplng &ction~,ot a",PIG;..type ~4i.charge to 
· clear the tegion adJac'ent to~e Inf>l(\). wall of ' neutral gas atoma. Once 

ioniiSe4J,n the central dbch~rge -region ~e la. b ~rapped in the'Z field 
" ,there:~ and it waafelt.tDAt the pressure :t1e~ the Viall might be r-educed 
.:'enoligh,to give the'uecesaaTY' it1~ulation. The ~xperiineft.te were a.bandoned 

" "alter mUy variations had. been tried without a~cce,~'. .' 

. A .eco-nd .• ch~Uli! haa been' tJ'led'.i"e.c~tly that ahows greatprottllee .. 
, 'A metal 'pinch tube -i:' 'plaf?ed in a Z field of the magllitude and direction 
" 'used in' the c:a:.~:; of ·the ~;rUlal etabilized-pinch sy.tem. A vo1.ta'ge is ap .. 

_ plied atc:me end that'i,,'8~par&ted {rom tll..; metal: tube. With a short, cy-
· Undrlcal 81a.a in.ul,Jior of theeame' i.d. a.s the metal tube. The re8ult .. 

ing current in thegaebetween',the end ~ectrode and metal tubeia adjusted 
. to foree the plalma and trapped Z field towardth~ t\Jbe axie opposite the 

inswated section. If .the current doe. not" exceed .. critical value (.et 
by Z ... lie14 magnttu4~. primarily. ,a stable central column of plasma t. 

, e.~abll.hed and the' column formation propagates ,al~g the tube axie 
. awa.y trom the t.neu1ated end at a cQftatant velocity. With present equip-

" ment atypic'a} condition ie is In. in 5".ec. Plana are being made to 
, . 
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FIGURE CAP~ONS 

': ,~,Ftg".-2 . Fa.t ... pincb.wavefol"1tI8. 

:., :··~18. ,3~ . Stabilized' pinch setup • 
. , 

< Fig. ~. 

, .~tg~:'5 • 
. ~ . 

. Ftg'~ '-6.~ 

'. "1'4 

.StabUized pillet:. wclve£orm8.: 

AmplUicat~ou of Fig. '4. 
. . Corlt.ecrew inatabUity.· 
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