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UCRL-16010, Spark Chamber Using Helium or Hydrogen 

at High Density, Gerald L. Schnurmacher, March 17, 1965. 
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The existing legends are correct.. --------~ 
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Ntot (ABCD) is ,the 1mr.n:be1· of ~racks ~~l '~ diacre.t:e prec;eur<~-'lrolta.ge 1.·t1.n whcl."'~! 

&H £our ga.pe fired,. and ~~tot(UC:O) f:s the total nurnber of h'acke i.l·1 a. d.iccx·;;;tt." ... 
' ' ~ ... : ' . . 

pi.'<~kH.>ur~:;,~volt<A.gi;1 run w1'Ae:r.(;,l gaps,,B, C .• and D f.il~ed and gi.ll} A .did not. 1'11<.: 

ave:ri;~.g<a f~HU' gap offic.*mcy w.\o 'CiO\l.~ula.t~d ii"":"Om 

- . e AH .B·H C+eD 
ll ~ ·- "t • 

i' ' 

wh~re <:A' e B' ~ C' and. t D are gi,ven in eqo •. (1) through (4). 

-~. t. HELIUM 

Thei-e is conf~rming exporimeuta.l ~vidence showing th&t a ~7'atmos 

.heliuf·n :.;park charnber.doee not work a6 ~Dff;d,~nt.ly u.e a ch<O.tnbt!)r ut:iHzing a.••gtK4 
/ 

or neon. Thl.G_ b a r~~m1.\lt of lu:llum having only about eisht ion pal:re potr at::i:w::. -~.-n 

fot> x:n.i.r:.ll:num·-ionizing p<u·ticles. which is .. much leruJ than tha.t for. one of t!".!.O 

~;t.£orementioned noble gases. BowevE!r, by incre&iiling th~~;: presGJu:.·~ h1 a heliu~·n 

cha:t'l1.b(llr, the effici¢ncy cu.u. be increa.6eu.i ae the nunrAbc-r of ion paira incrciJ!;?,.::J~;. 
~ . 

but the· threshold volta~~a allilo incrGttsea with prec!lnl:r0 (fig. 3). · l3E~ca.use tho . . : ., 

eifider!c.y ~s influeuced etrorigly by the. d(::g:ree of ovet•voJ.ta.g~. (with rc.d'lpc~ct tc) 

threshold). for a conl!lta.nt voltage the efiiciency should irJ.creuso with. incrca:Jint;, 

pr(!:ssure u1.1til the degree of oval"Vo!ta.ge is too low, .l\t this point the voltCJ.gt.~ 

r.~lu~Zt be increased to ~1aintain the efficiency. · The 90% efficiency line in beliunl 

auli a function of voltage and p1.•ee~sure is sllown in fig. 4! 

Average gap efi'iciei1ci~?.a for helium ·at presau:retf £rom 0 to 300 pglg .1.nd 

iJ·. 1S, and 11 kV, ueit1g a $park gap~ are sh,own i!1. fig. _S, a, b, and«:, 

· .· r~ii:tllpectiv,~ly. 'rhra a."ve:rag~1 ft~P et'fh~hmcy at ZS kV using a h)•drogen thyru.tx>on. 

pulcH'Jr a.nd covering the pressure :range from 150 to 450 psig ia shown in !ig. 6 • 

. .. : 
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I I .·~;. l :3. i:.' ' ·; . . l: 'j ; ' ' .,,·~ ·! )'- ,., : ~:. ~.\: ~ : •• · f :•, ~' .j· .~I...,.:.· ... j .j ; " ' ,. ' •' , •• ) 1 .J. . ~ 

·vel.~y:fErW fr.a.t-x·~es ·h~ ~h.~ ·~'lu:.~.Z. .. plottl!.:,{in.:fig • .'~ coJ::J,tai!:t~?>d n~ulti~>l•·r.:..1;1?0J'.ek 
,, :'· . •-. .~ ··· ~·~~~ .\.~.{-: ,J

1 
·; r~:~ :· > ~.: : ... ~ ·.::·,~·:·:.·,_ .. _>~.·.,_·::-:.;·.;~··\·.~-~:>~.~>>~ .. :··'·.· .::·._)"\:::--_ ... ,., .. · •::. . ..... ·.:. 

erventt3.(}o,i;'use·d h((;re~ a fl'<il:l'l~ is th$ lU''¢nof.£Hu: .•. e:•:l'Ftl~H:!Clby• e.:tc:ht:riggf:tis~.g 

<;<! th\0' ·Spark cl~~~r~1;~r,1 -~ ai{1~iie:tr~cl; e~ei;t.:~s three ~r~f~;.U."~~~;~kt~ ~;•hoD(~ 'cent~~ I'~ 
~·:- t J '; : ' t 

1
• . ~· ' ••• ·• . ' ~ ' . ' .. ' • ! '., ·' .. ·, '·! ' ' . 

He r.:.nu.t strai.~~ht'line~ 1\•i:ultipltt:~t~~a.c1i ·~v~~r.to .·arfi~ cl.efi~cd <?.o ¢;,..cn':.t.fl 1~0(m.l,1,b:lJ?, ir.;. 
I I.\ .. ) • ;_ ·~ /;_

1

·" i 

;-~~~.ore tha~1.· one t.:rack ptH• ht.'tn~e~ · J.'b~~e ·cvcm.ta p.reaur:v.s.bl)r at>·~~ du('; tQ el~~::~rm1: 

sh.owe'ra·.)' Gt>riee'qu~ndy. wh(;lu ~ht2 ~fflci~:~n.cy for siu.gie-tr;!ck c~v~pta Wf:i-1;;. eon:~ .. 

p<:il"(';ld 'u'lt;l.fhthat. for ai.l Ci\'~et)tt:J (~in.glo•· and ;:n;ultiple:i~tracl~ ([;Vei1ltf.!)~ tl'Hii two W<H~t} 
~ . . . ' .. · : . . .- . ' . 

fou.w:.l to b!i;l identical ~.r/ithi~ tht~ t::yat~lr.~.ati·~ ;:~ntl Bt~Atit;ltlca.l e:rl'<Jrl!l of the. t;i!10:p·•!<:t<i •• 
• I .'• ·• '·' .. .! ·, ·' • .... 

a ; '. -'• ; , , ,• I 

:O~l0A.tt. ;{n tha:ee ru...l'l,S a.n im::t"$G!.I!le in th~ VC.'lltage :.•csultcd ir1 C.l',pan.ding i,hlifl v;;i~lth 
. . . ' . . ' 

of the 'eiih::ill:'n.cy pci'!.k on the,; high ... pn:Hzsu.re. 9ide but not ®igniftc<"·A•:tty }.nc r~4Bhq; 
c. • ": '· ~ ' ~. .f_ ... ' ',• ~; ' 

th~~ rt':~.axhnu;:P. effici<S'n~y. 'l'hio f<.:JHo-.v@ thte: prt'li.'Hction from the pr<~r;;~:;u.r~::~ov.-n·-
. , . . -/t , .. ' .·;: ·, L ·' . 

~··oltage' r~latJ.ona!'!i.p 'aieCUfJ~ed p:Oilf'JlOUSl~~• . J\ .tna:drnUtn effici.erlC}'' of 9·1: t.(J ~;18-% 

at ··~.3.:: 1.5~ a.rtd i7 l<V .. ~,~s r(;.!achc:c.t at appr:q:d.rn~tdy9o p~·i·g.:•·!o"'igur4' ~) ~i:mwr" tlmt 
J ' '. • l • ~ . ~ , ' ' . ' ·, 1' ; ~, . ··, ' •' ' • ' ~- :i; ,.., ,. • : j ,- :- . . I . ; 

if thtJ d.~gt·~;;~e of O'ir®~voltu.ge ui;mve ti.:u:eah(}ld ie grrzoat cn"louab,. n~ar n:..'>:J:i.n:mx:t .. 
•. .·, ~ . ' . : ': ' . . . . ·~. ·, ,. : .... · .. , ~ ... ; ··. . .. .· 

' . I i ,' 

cdf1J..::i~ncy can be rr>-a~o.ta.ined over tt. fah"ly .. wid.e pr(:.sour((l: l'Cutg«t-. !r~ the r1.!n~:t~ 
.' ,· • .. ,: ... ' . 

tl:.e singl(!'-h~ack evont d'fj·d.cm.cy at ZB !t'\l: Wi.\!:l cor.npa~ed v.rith tb:t:!l .lrlffi(.:icncy far 
' ' ' • • I \ , ,r, ' 

all tW\!!nhl in thea~i!t. i"u.na inc:htd.iug thos~ \'Vi.th great~r t~1an c:n.e ·~rack, •:tppro~d.t'l'.mtdy 
··. < '.~ :" . . . ' i , .. ; . • .: . ··: ~-

.a 5°;~. d,Hfc:('e:;nce ":'":HJ £ound 310 fig. 6 shoWD. No k:l~planaticmf.l :ver~) ftm~d £~.;u· thio' 
. . . .. .,,, 

ifl(.!l'(!;l:H~ftl in the llUl;tioei of multipl<::·h•ack eventf.l tll.t_high~r 'Voltag~· and pr~:;;t:;:.HU."~~. 
~ ; . ' ' ~ ... 

lnthe runs plc)ttE:d in fig. 5, only'm:i(! high-volta{~{~) lead waa U(')t.J&. ;;"m1 
. . ,[_ · ... • ' f ~ . . ; ' .. ; 

. . ,; ·\· •• i .: · .. :. .. ' . 

' 

~0.00'~-t.n.: 'YlU'i&tion. fn gap spo.dx:~g •.. ·:Both i:1£ thcee factor Ill cont:rH:mtod tt dcic.!l,t:e<:d.c:;uet' 
. ~ .. • ,f~'.. : 1 .'• ~ •• , •• ~:· '·r''~ ~:· ,,; . ~-' \· .. ~~:''; .• ).',.',:_(·; 

e!fect to chambo:,r ef£ide~1i;!Y pa.rtic\\lil:rly at prc.;~atp:oer; &bove 150 .raig. In tb.(! t'"l.lh'1~ 
';, I ·' ' .' -~ ... 

' ! 
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' ' .·. 

." ' ~ . . 

.. ~ ·. 

. ·~·~ ' ,. ~ ... . ' ··. _. 
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. . ' 
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••• 

.::r .. 

(.l"l gap A iu. thJ.WO runs. The gap ~pacing iu gap A '.v;;'.S not the wide51t. J?ir;uJ.>e 9 

Kilhow<;;J tk~e c!'ficicmcy of gap A for.~ Gingle.:.trac~~ events C.ll1.11y ar~d l'1i.IU1t:l.r.;;lt~-tx·adr. 

proved to b·~ a significant p:roblen1. :%nee the vah.A\tl of th.e coupHng ca.padtol" vme 

oniy 5xto
3 

pF. the firet tr.Q.cr~ to fc):rrn 1:n·caumably used up n:1oet of th'~ E:~m::rgy. 

This result.;:;d in very ~aint &.nd inei!ident tracks fo:: chal!'g~ad partich~o that pa.orjed 

. . 
spi.l.>..·k:;; in on~ or two gaps were &t lea.st an o1•iier o£ n..'lagnitude faintcl• Hi~U'l t.he 

oth.e:t Bparks in the ~:rack •. · 'l'h.ie ~a.~te1· case of sparks of differen·At hlicn.SJitf.ea 

·.vith.iu th<il so.mc track ·cre<t.ies $Omewha.t of a probl<:.n:n in d.£~.ta X'Er!CO!i.·di.ng \Vheu the 
. ··. ' . ~ 



'•' 
··: ..... 

·\. 

.•' ' . ' : ·,· . ', . 

bVJbs with large halos.·. l! tht::~ irit3 ia ~topp~)d down to gtJ'i: a :'lharp i.tre,.:;.g;;;; r;f thr::r 

pa.l;':\ku1a:dy thorH: at higlM::i prof~b\U14ea. t~pu.ri,>Ut) opa:>:'kit1 .. g was cotr;:;;::r:;.ml •. In th¢.ll. · 
. ' ' • : • . '· .. f ·_:' . ' • ' • • '· ·,_ • '· .. ' • ~ . • ·. . • ,· '~ . '· • ' ' 

fut.:U!'(; \:his c;ottdition (;au perh.<:tpfJ be d.r'cur::"I.V'~~.\ted by the r.tet:;: of ~ke:h1.1l l',rapox·, 
, I '': \ . 

~1isc.~·12~l.~ file CU.[t:.l-Cii:i;l\1C G-:. 
. . . 

. . . ' 

I_ If 

', 

I ,•, 

f• I', 

thti;l•Qby pl."ovft..:H .. og ~mc:r~nr £~r th:a dist~hU.X;Je for p::trHdcil' that pn.t:il:l(;d t.k:t:rowJh th<~t 
, • . . ' t::-/ I .. ' 

,' • ·, j. ;· ~. 

. I . . . 
d.1.a:.:nbiWr !.at0r hl ~i.rtsr~.; !ncreaainf?, the r.:t}upHt,g capa.clt.alnc~~ Llow[wex·~ h<w the: 

t . . . 
f •.,\ •'' 

• ' I • ' 

·J.irHl.dva.nt.;>~.gs~ of b;.·oii~tlaning the s;pal't~.G. w:W.ch we.re widG-;)'1" th<7.n.!:H~rma1 anyway. 

Th•J; ·,;vi.d<:ll1hl.g of 'i:h<::J Elf.i<!l.d:J.::J appea:rc~<ll t:Q be ~r.ro:~-~ot o.t thQ hi.gi:l.er.l?rrowsu.:res. btJt 
' ' - t- . . • 

' ~ - t • • . ~ ; . 

pel'khl.pS thr.~ u.rJ~~ o~ a sma.U ~r~:aou1r.t of atcohol v;3.por ~1'2\ ~rt:nriQttt5ly ~;>l:tggGst~cl wou.U 

d;:·cun:.w;.3tlt this widr:~;nine ef.£ect at .hir~h. rn~cosu.or(,!!. ·· U tlaia <.~ffect csmxwt be. o~er~.~ot::-w, 
• I' . l'! I J I' 0 '(.! 

. ! ! . ~ : '. i' ~ ' . ~ 

sonx.0 ::::on:~pt•ornig::~ in ca.padtancc f.t::tC:I."<$<.HH) 4\i:lci reeulting tnu1t.ip1l'~·tf.'&ck:; effi.c~ieJ:lcy 
• I • ! \_' ~ '' • > ~ ,l . ' 1 4, ~ ! • 

r.:::u.1s~ be i:na-,·;:le to :rnah-atain nar1tow sp;:u·t~u3 a.rMl good resolutir.n.1 •. 
·. t : ~! I; . • . ! . , ·: -~ ~ 

' ,·, 

' . ' ! . ,. . ~~:: ~ ! . " . ·, 
. i .·. ·. ' ' 

'.,._/'' 
/ t . '. 

!;iyd~·c:,gen 1-.t<M$ lt.::!~t:1 th:\\n four iol!i pa\.~6. }?~H." 'A:tr~·:Losph~\~~~teeatirr .. ~~.t~J~ £or 

rnini.mur.z.:. i(l~'li.zil:lgt part:icles.coz:~)x.--ar,~d to ar.~~H':O~d..rn~tti:~ly eig~:~$; ;.p. heliu:rn.~ .. about 2.5 
. . ' '.· ~ " .. . . . ., . . . '. 

th<H'O:!hif: p:t•()'ifid~tig ~~·~Ol~.gh ioli,}??.i~·a fol,' th~ ?is~h~~~,r:~e, ~~~~cti~.r.J.~1;n, 
. • ' t 

. -~- ,.. . 

'· ,· ·, ... ~ ~ .. ' '''I, : ~- J 

.· ···. 
·' ~: '; 

' t····· ·.•· ~ 

·,. '! ~- -: .+ ·: .. ; .• 'j- I' 

' · . 
..... : 

.;., 

t. 



; ~o b'?; initiated •.. 1!'1ro1Xl the . .Wo.rk don~·i. i,t.la; p:rcdicted that the mirur:m:i':"h. gt:.f.'l ~, ' 

: preoH:1u,~e .. rer~1uired·for high eff.id.cric~~- operation·shoulJ be hi the order o.(3o· 

. ~~t.tnoo f . U a. auf~cient· amount of volt<lfii!:H.\l.bmle threshold i;e~: uee::r, · it if; ptcr:H.H:t1c:'3. 
' . 

q1at. (2,1.1 effici~rlGy Q! 90'/t or betttu•, coUld be attained.~\·: 1\t. this p:reosu1.·e' ·and Tcc•n:t 

.t~:.l'l9eratu:r~., the density of the gas ia.·atUl only about·; i.'3A.10"'
3 

g/cu'i.
3 

co:nip.u.:r.ed 

of the testa in gaaeo1.1e hydrogen was··to search for 1..luusual lef!ect;s ·ao' g.i.w tlet'';.r.~ay 

w;<flq varried, and,to d.etermine thrc.H;hoi'tl brc,a!tdow.n voltagee a® 'well as· t.h<!:' vrJt~~lgcs 

:f1€q~i:t'~'H! for Jreasori.ah!e efficiency6) o' , l ,; .\ ·: •) "' . ' " 1 1 'i '\ i \ ·~ \ ' • • 

.. liB the ,u1a~.imum voltage o~ the· power supply and pulae equip1Y1e~ili uGc;d· lot:·· 

,hpt~:~, V1e helium :and hyd.~ogen expttrimc.'1Jnts was only 30 kV ~ ·the· re~ultti ·pd•:s(~htcd 

fo;r: hydrogen a:rQ somc:.n;rhat lim.ite.d. • App:roxhr.o.ately· 3400 useful pi'dt!re:s .,,,,ere> 
j . 

taken ;r..n.d .analyzed.fo.r various paramet:ere.. • Tho d.rt,:a p7:esented·covc.rs thu · 

p:~.•c:JfH:lure r~nge:· from 0 to ?0 psig .at voltages to Z9 kV .... ' ,1 ','>..: '! • ,. 

. . ' ·~ 
A plot .of .the. breakdown-thr,~:ilhold voltage in· hydrogen'usinr:fsolid ah.~~l'li.iu:nn 

elect;ro<;lQa. and a-O.ilS.-ineh gap ::~paci.n.g is shown in :£ig; 10. ·As ·indicated by the 

gl"aph, the. three hold voltag~ rirJeS very .rapidly with increasing··preat-nu·e.' and at· 

90 .psigt 2.9 kV .is b~low. breakdown threshold. ,At this latter preasurq:: thm·e ax-e 

still not enoue:;h ion pairs available to initiate breakdo"vn consistently. The r.eeultf) 

for low pres:Jure and density conditions a.r<!l,p_reaented in fig. u.~ , .fig~re. Ua sho'<VB 
.• '! . . ' ' ' . . . . . . : • (•' . • ' . ' ' . ,, ~ ·_ ... "' . 

the average four-gap eft'iciency for single-tra:c.k eventf:J only,at 28., k.Y~ The nv;),:id, .. · 
• . _·; • ; • • ' • '· • : . • • J ' • ' ·• t, j ~ ·, . • •• ' • • ~ 1 • ·' 

mum efficiency attained at this voltage was ~6% at 30 psi g •. ,. Figure, Pb,im a plot o£ 
t ~ '; ' , ' , · ' • .'. , • t , ! ' I I •· · • .. ' • , ' ·· - ; < • • • 

• the average four-gap efficiency !or, aingle•t1'ack ~vcnt.s .at 29 kY and. sP,owa that ~he 
, ' ' '. ' < • I f • , 

1
. , ~ ' , ' , 

·· m&ltimwn efficiency reached w~s 68% at. '30 poig. bf c;.o:mparing this . .r;;.·.t&::~d.n:un:'l v;it.h 
, • : • ! ' ' ; • ~ : < ' 'I . . ' ' , ' . . . ' • • ' • ' ' . - • . , 

that 0hO\'IJn in Xig. Ua, the efl{Jlct o! overvoltago (above threohold) can be OeE!n.. The 
• • , , I ·' , ' '. , • ~ _·, , i L /' : • 'r: 't, :. • •, ., • '• , ··'1 '> l , ·, ' ' . • ' , ' ' ' : , 

rntur.bnu:cu efficiency for sha;~le .. track event fraxnes a.t 29 kV (fit~· H.b) is tshown t:o he 

·' 



.. , 

~ _·.; . . ,, ... .-·· ··:. ·· .. ·.· 

• l' ~ 'J ) : .,· ·~···.'·,,·· :-·-·;.- .. ~-. y ·. ;=.-:: .. ·,.:...:·~;.·.- .... ~:~.t ~ . •',' -~- : ~--.. !• . 

th.a!l, one tr~tck at the- eawt~ \"oltag~ {fitl• . Ht~). This '#~lii!id'ie co~:ld$.c~'.c;r.~t~\>Vi'th 'the 

r~~~ult~· fow~d-ti~ ii11t~t~:; ~l~~~~~~1ahiy ii.~ · ~ffci'ct .i.e ,:d~t~ Ui 8;;~p' 'I·Cit;~;i.i'lg i~~~ · ~h~ $j ~l"i · 
.... 

ii)f th.c. ~c~~piing ~~Pr.t~H~l~~~/·. !11: ii(i,;. ·~1 ici h{2~ ;kv tin~.·•1s r;~tg. 1 i~<l: of h~ci 6:·~.~L.-.~~; · 
• ... . .•.. • .. ; : \. _·;·:·· l_.. ..i •. · .•. • ·· .• ! .. ;·: !'·' ···~.,~: · .•• : ·~ , .. ; ~- :~.>-~ ... ;·.,:· . ~-':' >. _ .... : ·.: .• • 

<::l;.u:~tained three•gap tr&.c:l:;.£~; .. howe'Y'er.~ sincG no· four..: gap trucks W4J:;r,c :p:re.Gt3Hll~ .• 

tlH~ 'otfit)icncy as ··d~firtcd'abo~ei ·.i.'s &'~ro:;:: '.A_~··t:h.e 'pr•as~u.:rre;,· is. h~¢t;e(j,f~~~t1. :~;m(l ·~l.~'i.i;M~.e 
., ·;.,' ' .. .- ,, ''I'·, :.;i~~:-.:1··~·-... · . ·_·;·:• .. .' .. : .. · ;·:··:· .. ·.' .. · '· :····~: . ! . t .• i:~ 

tic,) td <i!Ol'16tai1t ·,~t Z9 kV.- th<i:J nuznbc;-g- of tJ::rr~e ... g<ilp trad-te dccretit'H:es <ln,-;,i the' n~x,i:".n.ht<i.'. 

,.£~-n:f!~· .. .' at~d t:,.~o:..g~p: 'it~~i~c~:a•'i ii1~r~li~ .. ~~-· ~ga!t-/ihu.~ftclidng'th~ 'voltag~:J'd~~P~~ild"•nr.:y · 
,'/·, ' i' 

of ·u;e ch;:.i$:.tlbre ir. 
I ,! •,, ; ! .( I t; , ,• , ( .. •. r , 

~ '· t '•·.~· . · . ' · •. · • •. · .. ,_ ., ~··· 1. 1~· ._,:· .•• •; ... · . .'. •· .~·~ • .'. ·) :,:~ .. ,·; ~ · r ·: .~. _ ,:. ' ."· 

thro~-· o;; fo·1.H''-gap tracl< plus a two- •. thr~e .... <H' four-gap tttrac1~11 var1.ad f.t'(>~'l! 41f., 

to ~~:l%; ·\~1l'lHC the l:IV\~~?t:' \Va~ l~%l tabl~ .i chov;B:tile' p0$,-cen~age Ol i;h§ tc;t.~l 
n.ur}.~bt1r ·<;f f;ran:l~~ ·hn~i~g thie~~ :~u~{fort1"0:gar.; t1~a.2ks 'in·i:t•a.~:t~~~; l~~~ving i tc 6 t:radw 

1 ,,,·<: ,,;~',_\ ~~ ~: .. ~: ·.··;·,·_..,· · .. ,., .,I•. : •. ';~}!!, ::; ·;· •_.. 
0

, ,·.· _. !·•' •', ,i... -~ 
[~•;:!' <~rvextt. ·. 'l'he table cqvere 'thO pl'ef;!$m,•o range (ror.l'a 0 tO 5$ .}'Sl~ ~nd voltaf;~:S 

:f.'''; '··.~: ~··-·i·~ _·,"';!< .. • ,·•, :~·_·, , .. :-~. ~-.:·_-·: 
gap tl"aci.t~ dc:H.:::rcl'.lfl!l~fi 't;'i!"lth a~1 in~:reaoing n~!mber of t%'£!.cka. per ~Vt(!lt!t. ~i'hio r:d1ovm 

u~.~t the ~~~:at.m:' ir~~ · irtu.~~be ?: o£ 'ei~nu!taa~~.,o~~ ~· t'~aci~ti .' ·~he· gre,·~~('h,· jthc d.e gi:t,·c· ~d g"-iP 
. . . ,· 

0 < • '·. ~. 1-- ' .. : :' ' ' t ! ·, t _':. ' ' :': \ j. ' '1 • ' . '1, ' ' ,. > 1 ~ '. , . ! (, :, . 

ro'bb:h1g and. t.h® lc..vne-:r th(l efficiency. Aa· .efticien.cy goes do ... vn. t~1c: r.m.n.1be1~ cJ£ ;,;<:tp~ · 

fh·In.g goe:; ·ti.~·~~n .. and. ·u beco~~le& cU!ftc.ultto se'parate' real tragi~t-) f:~:·oxn ·st:.nn·t.oui,1: 
• ..,. • ' ' I~ ' • ' -"• ' • > ' '• • < • ..__ • • 

' ' 
' i .. -. .'·· 

~ : I 
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-~ . 

-~ < 

.. ~ hi,.h~li~·i~ •. : th.~ ~ua~ity' 0~ tl~~'phot,ogr!lphs ~l'l h/d~.6'ge:rt v;;).$. :nl;,t.vc~yecm;i ' 

be:~~aue~· of ~~ver~ dUfE:tre~ctt~· in~ ~p~dt ~Utl.'1naity ·f:r~~ri; t;Jt'le·'~~P to.· a~v:.ltho't;. · 'fhJr.;' 

again result~;:d ;in. ~vi$re~~~r;ingtl~~ bri(ihteJ..·,e~rk~· it1 o.rd{$~ :t~-, i·e~~.w~~_. U~e f,:.,int~)~' 
·•. . . . . . . . ~ . . ~ : 

. -~· :· ;:;·; .... _~~>~-~~··.~·:.~' ... : .. ~\ ·,, : .. ·. ·' \ . ·:t:·' - ~·.~ ~ .!<' v 

o~i~~s.· ;;~·ith:the::.c:ciner.t~quen.~~ :that JH>.r.rt~! of the :.upa:t·.~ru·:r.d.•e v~niy wide an.d ba\~·o h&.loa, 
I I ' - ;''1· ~ . "' ~· '. : . . • . " :• ... ' .. I . • : . • • . . ; .... . ' J; .... I . 

w·hlle other::J range· fl"o:rn t16Yrna.! hltt'lu.sit:f to 'ba.r~l>~ 'vir:lU>la~ ·,· ~"'it,jm:~~ 1l i.•:~ <"i i;ypi.::-al 
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one 8''P to another •. 1·h~· ~ondJtttine in: the chat:r.:.ber f.~~ £i.g. 12: .v:$tc 3tJ pE;i.i}.. 11nd 

29 kV. · Til~ ~a~n~r~t .!ems ·iri·a .waG set .at £/4 arid the ·c:ar~'le>..-·a wa~?~·tdcate.!d tl .f..:;.c't · 

!ruin th~?-eham.'lb~r. L1 .~:n~t;ry of tho',pictur(IJO 'taken the ·£1li>~rk int<~J.lt?ity v~lld.,J..tion. \'!d.'.; 

co:!>.sir,;tr.:2x·.:thly great(~r th.<\'n that eb.Q1Nn it1 ft. g. il. ·Throughout ti:H!. 1.•unc,. tht1 b:d;;;tl.te:·:· 

Spa.rk.9 •l.rer.e not <:onfh~liltl tO 2\l)y Slp~tldfic' gap b'uf were' ll."il!tldOHl With t'13$f)'1Ct to !JLL)') 

r~refc.n•ence, ·which exch.ided the pOSSibihty't.hat thio Clfftect COUld. be:; due tn J.l,ttf.'• 

.iJp.;tcing variation.· The .het~r.:)genei.ty in i.rJt<.~nai.ty was foun<;i. t().b$ more :pr~·~"::J.lult 

in l~.ydr~e(~tl 'than i~ h~liwn a~d the effect i.'s amplifi(~d as tl1~ nu.rnb~~r of gitpa fi:d.ur; 

5. Conclusions .. ·-... ---... 

Hcliu~n ga-s at Hquid•h)rdrogc:m terr.a,pera.ture (20.4., K) and i atJ.noo hac a 

d~nsity of aboui l,5Xt0 ... 
3 

FJ/cm 3• · Thio .:lcll!MJity at room tcn1pe;atur~· {299.4~> 1':) 

the ~ffici~ncy ·of the h.cUun1 chzu:nber dcec1·ibed in this e,..q:lerhne1.1.f: was 90 to 95~:. 

using 2.8 l(V of applied voltage.. Xt ia th~.ar!Sforo concluded tl;at it is feasibl.(~ to ~~.i1J 
an dficit:!!nt hollow~pla.t~ apart(. chas:nber ueing liquid-hydrogen wafers_ and low-

'•; 

temperature heUU..n as the envirorm"lental gat:J. It ia hoped that fu.rthe r t1Jtudy ·~0 J.l 
; ~ ~ 

prove the practi~ability of making a. chamber where the elt~ctrod.es can be in1rn.er13ed 

in liquid hydrogen • 

. Plane are underway to contir1ue atudice uaing' hydrogen ae the Cl1.Vit"onmental 
I. "·' 

' gas, !t ia hoped that higher presaure can be er.."lployed with good effidency by thllll 

use of .higher-voltage equir.nnent; t1tiliza~ion of eolid or foil plates producc~a a 
\,l 

' : l '• j ' ' > .I:'.: 'I .' 1 

of wire ele~tr.ode pla~1.~®, which pTovide a high$r local electri,cal field gl'adiont p<W 
' 'i. . ·, 

Ul.11t of applied voltage. Wire platea ale~o have the a.dclitional a.dva.l:A.tage cf ct·eating 

loc;.\l decouptins. whi·:::h. abo~ld ai.f'! iA ,::fd.nlr:~li&ting (~rn.p rcibbin~J· · .i'urthcr d~cc.ml.;;Hrq:;,, 
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Fig. S. · Individual ... gap €1tt'fide:ncy plot in hcliun\ at il8 .kV • ue~ng a thyra.tl•(u.i. 

puleer •. , 

28 kV •. , . 
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This report was prepared as an account of Government 
sponsored work. Neither the United States, nor the Com
m1ss1on, nor any person acting on behalf of the Commission: 

A. Makes any warranty or representation, expressed or 
implied, with respect to the accuracy, completeness, 
or usefulness of the information contained in this 
report, or that the use of any information, appa
ratus, method, or process disclosed in this report 
may not infringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, 
or for damages resulting from the use of any infor
mation, apparatus, method, or process disclosed in 

this report. 

As used in the above, "person acting on behalf of the 
Commission" includes any employee or contractor of the Com
mission, or employee of such contractor, to the extent that 
such employee or contractor of the Commission, or employee 
of such contractor prepares, disseminates, or provides access 
to, any information pursuant to his employment or contract 
with the Commission, or his employment with such contractor. 






