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EltPer1menteJ. detsils 0.1'0 given for time'"': M(i: SSWl08-t'$80lVGd &)tel'• 

m1nations of electron temperature and 4ens1ty 1n a b1sh111<Jn1r.e41 decatins• 

hydrogen plaGl:lS. i'be technique use4 involves a'bsoluto inteno1ty mosauro• 

~to or the H~ l11'1Q nnd or two vtdely sep.rated »o:rt1ons of ~he c~t.nuum .. 

A carbon are is u~ a.s a radiation tttanaard. The 1ntel"1"'3d t.on density 

) e.aroes ~twtactorUy with tbe.t deduced tram 8ta.rh broa4eni~JS of ~lip 

line. Iilterns.l consistency amoJ'iS vv1oua ;nethods ot tntorritlg a tOC'J);le)m• 

ture indictl.tee wben and 11here the technique yielde rella~e retJUl.to. lt 

\ 
I 

' ' ~ 

1B Gbo\m that the ple.G11tl (lie:<~~~ 4 X 1015 cnt'., -r$ • 1 .to 2 X 10 °JC)1 W1Cb 
.. 

is p.roduead in a long cylihder 111 a &troJ:J$ uiol~t3gr1etic t1e141 dec:o:tcf' 

by volume nieambinatian. Diffasion 1osseo a~ to bet· negligible. 



' .. 

r. mmonucnon 
In recent ~ a l'ltfillber of expel'l.l!r3tn;s ba~.re bsen roported 1n llh1cb 

~ :toniee<l plaOl'!llla w:ttb ole~ a.ont!litiea ·'bG~n 1015 and uf6 eri"' 
' 4 o..._ 

and te!l'llllemtureo bat~n 1 ~ a x 10 · K wore used tOl' the ct• of ~· 

XDQgDet1c wvr;~s. W In· Ot'der to 112ter»rot prop&l'l)f' tho ftoul.to obta.incd, 

and to mlte moantns:tu.t c~!cono With theorT, 1t is ~oc.o.t"U to bO.vc 

reliable 1Jltonnat1atl conee~in(! the ~ dens! tr, temp!Jl"atlU'e > lmd aosreo 
of 1Qnizatton. In ~1eul.4r1 OJ10 to ~E Just1f1ed tn fls~ tmt tho 

initial gas pro&~ o~s t.Ml ultimate pla~ densitY· 1'bs ~h· 

curront 4isclnrso that !a ir.lVartablT UM4 to ge.nemte the 1onizn.t1on io 

· ca:£Qblcr of either l1bel'Qt1tiS ~ Gm()Unta or material h'a:1 tl:o S\ll"taaoo 

or oxpollins e.n cpP'l'<!ta1ab].l) tmct!on ot ~ ana.~ tb!J ·region of intoroot. 

In aenoml, a oepsrate date1"il11Dtltton &f the p~ ~~a ln mqt11l'Od, 

~tetl'lblY as o. tuncttoo ot poo~.tion end t111le, because tlm enete,nco or 

nonunif0l'm1t1oo ~ fluctuationn ma.)1' l$avo to b3 taken. :tnto account GO ~11~ 

seas of the .ear:Qt l10l"lt1J 
2 tncludea ~~mants •ot 1~ 4onsit1eri ant! 

-

electron ~ruturos (a) bY mecns ot ~ prows or (b) b.Y Stark 

broadeninG ot lblml" Uneo anti aot.emim.tton or $lect.:rt~ resictiv1tt•9 

In a IV():fe recont stU6..v.ot 7 the eleCtron 40il$1.'ty wo 1~~ tram. the pln~ 

refraottvo imex, vbtch vae moac\ll"ed V$.tb thO belp Q't a Btl-Do sc.o lneer.10 

ROU'OVQl", tn oll. thetto l'eporto the dingnaatteu 1o ttonsid01"G8. a eeOQndaey 

tasue tlrld thoref'ore io d.iocusecd only ve:r:v brtofllr. .%11 this ltl~ vo 

<leeeribe tn SCI:l3 dotaU a caftlful. t!.tn:J- ~d ~-resolved qplomt1.on 

ot tho eleetron-p\"'toal plAG!:$ usod b:r VileOlt et. GJ.., 1 ~lva19 ~ 
Spill.r.rln. 5 Thcr ~b.o4 e<mslotod ~ ot c.btmuto 11'lt0rul1ey m~o~s 



\o 

·~ 

in t~ bydJ"'8en emission .cpeetrutn an po~Weia~ 1:17 Grls. +J., l2 

It is voU lmaun that a great &.la.l can be l.etlrnetl about a pla~ 

f'rCm ita emission spaetrt=. ~se opactroeCOl)1c tecbni~s mve tho 

add1t1oml. ad:vm.ntase that,. e~eept f'()%' the neceao1ty of'lttndowo, no p$1"­

turl:e'tion ot tha pla~ or interference Vith th<;!. eX~Sriment 1s involved. 

1he ~ouc observableo, such no line ab$pe:;, l.1nc 1ntens1t1os, 1ntonc1ey 

ratioe., and cootinuttm E:!ll)iss1on., r<ilAte t-o d.iffu:rent foatlttt)a of tho :plotl'til, 

and. Ullder ilO!)Oquilll:•rlum conditions 1t ttey' .to <litf'icult to o'cta1n t\ con­

sistent picturo ti'tlm a cet ot sucb mtm~'"ltO• This G1tunt1on i& Wll 

brOUght out 1n 1l :recent GJ)t'Jet.rooeoplc study of a ce~ium. plasma..l' Tho 

UOX"k doecrtOOd in the precent JBper te:P'leS&l'IU a . .atl¢<:e&sful effort to 

delineate t!wse perlOO.O, ~ the production NYd deee;, ot -t1 ~bly 

1on1~ ~en pla®%\, in vhieh spect~scopic n:oasurins teehn1qtt:u~ ::ov 

be · ~!'U$ted, OJ'Jd mtb..tn t~se 11mite.t1ons to obtAin c<mo1atent ntl"l eceumte 
l 

The a.~tus unei1 to produce the plJlsm bas been lieaertbed in 

eeveml publicc.tions, ·o.nd is reviewed he~· on1.y br1e~y. 1J9,l4 A ~en 

~sma isgenerated ~· an electrical diocb&rgo in a cyli~1cal copper 

ture 14.6 0:1 in diameter aDd 86~4 an in length (see ns .. 1). Tho tu"tx;, 

tUlod uith ~""'n go.s a.t e. proc~ of' about o.l torr, ib el.oood nt 
.. 

l:otb. ondc by quartz ~t.es and is located 1n G unlform de l'D3gn0t1e field 

of 16 ltO. A. l~const&tlt pulse 1:1ne c~ initially to 10 ltV is 

t!Ol'ltmctod by oo ignitro.n cuiteh to G cylindrical molybdemltl electrot1o 



I I 
~ 

'• 

' . •. 

~ 

.. , -· 

(MOd~) eoneentrlc 1dth the coppel" cylinder (eatbOao} and. loeated in tho 
' 

eenter of cme of the qual"ta platea. · fhe ~o ~a dotm. about 1. ' a.tMc 

after ap_pUce.t1on o:t thG high trOltage. tn an nd<littonal ' ..,sec ~ cur­

rent _rises to a ·etJ!ltltant value ot 6.(r kA. ana g4Ul9re.tes a ta)U-def'1.nad 

ionization front, ~eh ~d dC"Rm tb$ %ubt ,ith El veloe1ty _(f.n tbta . 
case) of 4.85 t:~A/puee, leav1ns behbld it 1). rotating~ ·~ icmized plaem. 
Stteh & l)bell(IID3n<m bas been ae.U~d a "t'Ni~<m 1~zat1on V&\1'9" ()1' "~· 

magnetic ionizing vave," and laG been cil()etlllood theoretiC$lly by tcUl'l!".Al 

l)fJ4 Ol"'os15 e.ntl 1nve«t1ga,ted ~ntal.l;y by Dmmls.b. et a1.16 

»afore tbe 1cm1zation trent roaches tho end ot the tube, tba drtvltlg 

current is ohorted. ("·c~n) by an ignttn.m stdtch. ~ timins of 

e.s "t.hs ionization front ~ebee tbG end of tbe tuba. The! tu'bo to 'hue 
completely tilled. vitb pla~ Vh1lll tlr3 tkJv en:. ~ ~ts aeroao tb3 

1nml.lator at tb:3 tnr end of the tuba is avo1d$i. Sueb c\l:l'TenttJ would 

rosult ill ptU:DlM'Pt impl1rlt;y l!lles itt the opact.ntm ot .tlm plasm~h 
~ ., 
Arter about 25. fJ.BeO the ;power 1#put tnto thm plat.=i 1c ent»tttt~Jlly 

2Sero, s.n4 the plnema begins ·to eool Md decay. It vac ~ d\'ll'in3 

the t.Seeq perlQd tbat tbo speetrosr:opio m3a~ntc wore l'!l8de. . To pre­

vent the fol'l!latiQn of ~1'01'10gl10t1c 11Mrl.C" .in t~ pl.Aeta a~·~, 

all speeti'Oscop1c lleta ~re taken Withe ;pertomtQd co~ ocnJcm. ~:nu& . . 

mBCl'QSCO];)i.C motion Of" ll noritmifom pl,asma ami ON dtOCUSied tJl Q J,1:fe\tiOUO 

pqbllcat1on. l7 

.. 



As exeellent ~s of Sp!!<:troscopic d~sttc methods suttable 

tor use With plasmas are availAble 11l·'the l1tel'St~,ll,l2,l8,l9 onJ,y too 

teohniques p3Ttinent. to thie p9.per are d1ecuasea ~re. 'l'h&~ ~ (o.) t~ 

~mture mea~nts made "ttt dstemlning the l'lrtio of tbe lntenitity of 

e spectml Une to tho 1ntexwtty ot the corrt11l'.1Utl radiQtion ~t ~ WVO• 

length; (b) tempemture ~~nta mdo by detemibtng the ratio of th9 

1ntenntiea of tba ~tinuum ra.d1"-ti.On at two ,_wle~ho; (e) ton-density ., 
i • 

measurements tl'lli'Ae ey detenn1~ tht! nbSo~ lnt(Jns1ty e1thor of o. 

S}leetrsJ. line o:r ot the continuum rad1et1on nt $00le wvele~b; e.n~ 
t 

(d) 1on.denaity meJJ.auremente mndQ by ~te:rmird.ne the profile ot a StoJ."k• 

"broadened ®tis.eion line. Unless otherviee stated, wo ao~ vtB {loot\1 

thel'tllt\l equilibrJ.um} .. 11 Exeept tor tho cnse of' the ~t.1on densttieo 

of' lmr-lying atates, tbio e.ssurnption rntlcy' 'te :readil:y vmt!ed .. 
' ! 

The line chOflSn f'or ()ba(lrvation van tbo ·ifp l.ine ot thO !a..'toor ~f.h 

lt ~be estw\ted that durl.ng the ·~nttre o'b®:l"'\lable portion of tho decq 

per1orl of this plasma, the denst.ty ot ete.tes 1n the uppdr level of this 

line (n ,. 4) does not dop:~.rt ~ieea'bly tram the \talus at ~ oqu:l• 

l1bnum. 20 Only very late _in the ~oey ~riotl ean the ve.l.ue d~rt trotn 

the oquJ.librlurn value by eo l'.llUCh as 2()"(,, \lbtlah wul4 be refl.oeted a$ a 5i 

error in the ~~ture. Pi(r~ 2 oho'0'G the ~hod~ U.ne 1ntenalt7 

·.(1) 

e.a n function of' temperature, vitb tho p]A~ ·$G8'1.11Dad to be opticalJ¥ thin 

t() the ltne. Bare u
4 

1o the energv mdietod in the 11ro it) el'Gs-c.m·J .. cco·1• 
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we calc\llated the p::rpula.tion density ot. atoms 1n t~ uppor stute Qf the 

line trom SO.l:n' s equatipn using the . correction to the ioniae.tion ].X>tentia.l 
. . 21 ~2 . 

6X d1scusoed by Griem ana Ecker and. Kr6ll. . · Thin pu-ticulAr curve we.a 
. . 14 ·}· 

calcu.laterl for a.n eleetron dcnr.rity of 5 x 10 · , em.·· (the ~lec1;.:ron density 

. affects the cu.:rve 1o1e9.kly through t~ J.over1ng of the iold:te.timi ·Potential) • 

For otl~r denstt1ea t.hi! ·curve should '00 mul:tipl.ied by the .smau col."'l'eCtion 

factor, $Xp (. (2.43 X 10""
4 ;rr'/2 ){N l/2 • 2.24 X 107) ). 

e .. 

The intensity of the continuum raq.iation f.":t<om the plasma wa.a observed . 
a.t. two wavelengths, one betveen Ha attd .B~ at o.bout 5300 R, a.nd tll~ other. 

on the oth~r side of' the Ba~r·series'l:tm.it at 3225· .R. The precise 

choice of wavelc~ths is dictated b,y the necessity otavo1ding impurity 

·" lines in the spectrum. Fi~s · ' and 4 ebcv. the normalized cot'.ltimiuro 

1ntans1ty per unit -wavelength, .defined. b'IJ' 

) 

(2) 

for wavelengthe of 5.320 i. a.nd 322~ Ji, respectively, calculAted for several 

electron densities. The symbol Uc(~) r3preaents the continuum emission 

per .i a.t wavelength "- in ergs•ettt3 .. sec"'1 • 

The continuum intensity was calculated from Kirchoff's Law; Baha•s 

equation., and the following expression f'or the. absorption coei"f'icient tar 

II a.t<:l'C in the ground ate.te: 



... 

.. 

(S) 

st1mulatotl em1eoton vao taken into account. Tbis exprose1on f'or· kv is 
simil.B.l' to om 4er1ved 'by. UnsOld. 2-' Sere 12 ts the }11"1ncip.ll q\ltmt'tllll il\mtooo 

' ' 

be:rJ u a bv/ltT; ~ • Y..n/kfa Xn 1s the 1on1ZO.t1on ~nti~l. hom tho l)th 

q~U1!1 levelJ and ~ 1& the p;rlneitnl f.lUt\nt\im ft\lltlb&!' ot the lnat b<nmd 

l'Jtilt(i. The .~ of lJotmd etatos ot a b,Y<lZ'ogon e'tm l®atotl itt c ptn~ 

to tit).ite 'beoc.U~;G lkib39*sbie1dJ.na eftecte produce a non-Coul=b potential. 

Griem21 shows that t~ o.aP'il'JlPtion that tho l.#ist bouQ4 state ss.t1stieo the 

equation 

(4) 

is consietGnt vtth tbe ~oadm1 tor the~ of thre ionization 

potent1nl. D.x wred ic the ~ equ'ltiOlb The taetQJ:o ~ ·and (itb) tU"e. 
. n 

tree·~e and :f'ree.;,brJund ·Gcunt :taetors, ~Ol)actively, averaged OW»"" the 

vanwe snsu1ar ~ntum etb.W& aeeor41ng_ to th31:r etat1stiee.l ~o • 

~ lJUt'Jertcal values _ueed in ·t.he calCUlation wre te.1ten t.rom th3 tabletJ 

ot Kl'm:e.$ and :r.atteto. e4 The tactor ('gfb) denotes an a.vemse ~~ or tm 

Oaunt factor, fl1-"'emse4 0'\ler aU qu::mt'Q:ll ~la with p!1.ne1).nl q~ -~ 

ben ~ter tmn nmx. Tho sum. in the exprout>icm for kv rep:re$(Uits the 



• . 

' . 

'·· 

.. 

o¢!1tt'i'hut1em to tb:'! oontto.uum tod1&'-1an ~-- ~botmd ~itlono (tbB 

recano1Mt10n continuum).- fhO. first ElltP'roo?lion 1n the e~ ~o 

1~ ec if.rte~ ~~ti® ~canM.Dg tb$ cem.trtb'db!cn tr=. 'Wan$!!• 

ti~a b:v' ires ele~trons to tm ~tntns oosnti~ $tat(!)s1 ond t~ 
~ . . 

last tt:~l'!ll, irf~ ts tha . aontlribut1aa f'rail · troO•tree tmns!tio:w (~ 

stl'Qbl.ung) ~ 

F~o 5, 6, om 7 ·ehov tts mt;to ot th$ ~ line 1ntc~U1it)" to the· 
tvo eonttnuum ~1tt~n, W ,(4861)/U'c(5,eo} ond lf ,e(4861)/94(~'), omi 

~--... 
tm mt1o ot tha tvo etam1i1U\$ 1Jltcmnitlf;)c, vc(;;,o;)/trc(~as)~ AU tl".,_~ 

:oat:toa are tunotiono ~of the tompem~4 end o.:ro inti~ Of tho 

alsetrem dQna~ty. · AJJ. tlu'oe ~ 1lOOd in: «ete~~ t~ tGtcp::lro'UYO or 

thS ~· lt obould bl .QOtet1 t~t ~ the ~mt~ l:tr tho 

ratio of the t"..,o eontinuu:n 1r&te&1tioe itJvOl:veD Oftb' tm o.li~:f.ono o.t 

a unlttmn tm.n~~ pl.D~, the laeh ot otbor -~o ot oont~ t'Qdl­

nt1on ( eucb ne tbo t( oontimaum), nt14 tbc! no~on ot s~Uitl.n 

VGloeity diot:ribub,,on ~ the _'frlae el.o~. i'!da JlX1thod then ~tranai.no:a 
' 

tl» eteetron tompo.rc.tu.nl <liroetq ~ 'Uta:aoa thO otlr:)r ·two ~ ~}'}Snil 
• 

aloo On thO 4$sump't!on that the upJ,lOi' 1&'Vel'Qf' tho uno ie in- oqu!libnua 

\fftb tho f'l'oeC. eleetraJltl' ~ 

~ ~~ ~ Unoe ta ti:ta spt')Otrum oE tho :'Pl~ are ~ll$(1 

~ 'tv t~ sto.tk o.-fToat cauaod b1 eleetri.e microtteUls ot ~by 

f.ono~ In this WX'k ~ l:BVG t18e4 ·t.'bb B(j ~~£; ~euln~ qy Gl"Ut:!l, 

Kolb, end. sbe!\.25 !rho$$ ~ ~o _.are ~ to ba~ an ~ 
~ey ot about l.~, ont1 ~ 'VGJ71A1U Vith ·lfe -~- prottloo-~ool'Jt.)¥ 

detortainod c~ntol.ly 1q ~1olle1 l\\q_u:)tto1 am1 Sol.al'cltl.~ 



. .. 

.. 

rv. ~Aim ~Qll&S PeR s~xc ~~ 

AbOt)lute ~~ts of thO il'l'tonsity ?f the~ liM and of the tuo 

bl:nds C)f cont1nUtill re4U.t1on l~tta ~o by o~ng tbe bria:btnoas of tho 

~With tm ~"');SsD tlf tl car'bon. ~~a(& e.. raditlt1an ~. 

Ao ~· ~~ntat difi"teultiee .Jm\1 be ®CttU.tlterod.. i(l tbil (!OllrOO· of 

ow::h ~nts, w describe t~ technique& used oom 1n nano ~u . 
Figure 8 GlhOWe. the Cl."P'Jri.m9ntnl ·~. 1bdiat1Qrl les.''inS the plnG;tDI!I. 

tbro\lSb n bole in tho cO!llluet1ng aop;pel' s~ 1n the' mt1 of too tu~ ia 

xoet1ectea t:w the mnU m1noo:r ~ f'ocUGec'l 'by a quartz ~o onto the 

entrs~ al1t ot ~ !}.lf-m ~eratinn c~~Ph (Ja~U·A6h W>del 

JA•'n02).. t'.bbl"'!l wre t~~ hOles 1n ths &el'eGil at ~fto~ :ra.it.ii& tbe 
-

smsll mirrOr could be l'l'lOV\'ld on vays in tbe dim etlan at the Btr't'J.1m 1 to 

tb9.t llght tra:t c.liY ot toone five bOl.Ga ccntld bO ~ onto t}ti) e.ttt~ 

~l.it. of the spaat~pa. 

LQca-tcd in the tooal );\l.Me O'f the sp;l~jih ~ ~ tiiOYt)'bl,C , 

assembllea, (!0-cb cont.aixl.1ng en flll.tutJtn'ble ~t olit and a ~toan:llt11)1.ior 

(mtt 6il5513). P'ilto1·a pla(!Gd 1-n t'l"Mt or tbs ph~t$.l\11EU"t3 aut Ott.; 

SCtlttet'ed ~. lnterferonce tUtors wei~~ tor _the n~ 1.1#$ nn(l 'tbo 

band of cont.lnuum 1-n the vt.s1blc1 ana c. tu.tor ·(CornUl$ '1';y'p;:! 4•76) wao 

used Vi th tho pbotCl'iml.tipl.tel.' obset'"-t~ the ~ of <:Cntinuum ~tion 

1tl thO ultrav.1¢1\\t. Aa thO uv slgrnl. ~s. o'btsl"\-e4 b\· tl$ C!cond cm:tor . 

of thO 4itf'l!aeted Gl):lctrum, th16 t1ltol" tA8Q ol!mtm.tM tl'r3 oyeJ"lc~ 

firot.-order spectrum. 

Tho sa1n of tho tubes wae kept constant dur1116 an oxp:'lrlm:mt b.Y 

mon.1.torill8 the e.mpl.itudo ot light pulces from 011 An•~ a.rgon lamp mountod 



.. 

' , 

tdtbiJ:\ tbe GPJ~~ph o.n4 u~ :DiG· a ooc~ ~~ ·fhttl :4ev1eo, 

doti!el"1bel:i clseUbGro, :rt wo dewelo;pad \tr tl:O Coms_tinG Se~rcb GrouP a.'t 

thi:e Iabo:tat.cn:'S', and pre~ ~ ligh' pulaos. ot cmt~ eonotc.nt 

e.t$Utw.'le at ._ ~l.c ~1tlon ~· -~ ea.ua r;yt· tb3 tube~ ~ 'be 
. . . . 

kt:tpt ~ ·t4 a.bout ± 1~ 4urin8 ·en ~.~in$ ~ ·~. 
. . 

· '!'he· ~tipl10l"il ~ M~ ~tu.t\ tb:)-·~ t&ol.d qt t1'r3 

~ by 't1fo ~en ot 80ft ntee1 t\l'b!DS' ana Ol'Ja ot ~tal .... U'itb thQ 
~ ' <., 

~- lamp eo a ref'~1 tb$ ~ ill stJ,in ¢ ~- dt.l~ t1Jl:m th:t 

~1c t1oUl 'e'a.&_ ·t\U'Ile4 011 QOUld ba obt)e~, ·onti ~0-~ tw · 
rotilt.in.s the· tulx?s ~- thSb' mor..m.ts nbattt ~r 3~1tl.14f.n:ll Ql:OP.t. nra. 

~ l"q:tJ14ut\L ou.n ~~ cat over a.'j'f. ~ Q!'.t1 QS.a$; vao t.GkrJ£n; into . 

o.c40Unt ln t~ C!ata ~ln, ~ ~lit1Qnt~ -~ tmt:~ ~ 

tbo ~ cQ\11.d not~~ to·r®. ~~ W:t.h.tbfl-~it! .ttolt't Cfn,. . 

Tho 0~-~ tb.l; eulti~ ~- u~·on t1/0,0$CU.loOCOD3U 

(1J»ktzooi.x -~ 5~) ~ ~ ro~ gp ?~)~ tU,m. ~ ·ai~ ot 

nLl.. t..OO $1gtl$ln (tft .l:Oth .oooilloe:toJ'$s ~t~ tbl). ~· {;~ to ~ ·· 
... 

. vieweii nt 4i~ ·SlliCt>$· a.ud mteef~J~ ~fh ~ S;~;. ·~~ vaJ'e qulto 

··~q 11 ttl ~ ~oo& &$ to ·tt:$ lw ~ lcYOl.s, ~- til"te'te4 'tl$' a 
. . . 

-~ RC ne~ ho;\rj.og c 2~oee ~ eo.uob:mt,. vtd.Cb ~a n'botlt o:m! f'1tt1• 

et~ tMt at tbG deelM' ~or &9' 1isht a~-~ tra::n tb:) p.1.e.GC"l.~ 

A carton t\l'IC, ~ted M ~~-ea p:>Gotblc 1n ~ ~ ~t)tod. 

cy ~r, ea,eg tm.G UOOd ... $ .j) rodtat.ton ~.. ~ oloe~ 

(Mns~tt-we~ m · U) 6. )5 r.et· in ii~r vcro \IG04 i.\o o.no4atJ, .e.nd . 

&m!Mto elaetrc:tlos (unitea eat'bol'l f',n)ducts CO· ~ :'0 ... 1 •mt.m ~tytt) 

:;,.17 r:n !.» ~r t;;:)l'n \lOOd no oc.t~n. A ruro1atont teDG.oney' CJf ~ 
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cathode spot to 'UtUlder 1 1ntroduc1ns f'l.uct\D.tions in t~ lum1ne:nee, l.U 

~~ el1m~te4 b7 pa1nttng tb$ cathOde botore ~ vi~h a 4Uute «Jlu-­

tfot~ or sodium b1carbonato. ~ o.rwde spot tJt t~ are \taS fooW!l!)d by' e. 

~cond qWU"tu leno onto ()f1$ ot tbe holoe in too ocrem~ at the d ot tbQ 
. . 

tube, t\1'16 t'raD tbe;-:e tt.r the firat tau.srtz Una onto tbl etltr(\nce all t ot 

ths SPect~pb.. llat'Ore eel.tbrat1on the q'UtU'tz ~te sup:porttng the 

electro® 'U&S ~d. The br.iglltn:aos of the are ~ on tb9 bole ill 

the oc~n <:ould be ealeul&ted O'tmt t~ ter::fl'lemture and. em1$atvity ot tba 

carbon anode (taking lOsses in th!! len8 into aecount) and the brtghtneso 

o:r the :Plamna eould than ~ aeto~ 1n pr!Mipl.e b.y a direct ~son. 

When t~ 61~ was vieved, a ehutter beving an opan time of 4 til~ nn4 

a l1.se ttme of 200 1;1sec vas uoed to · p11m.il.a~ ae nearly nB x;oecibl.C the 

plll.sed csture of tb$ ·pl..asmn signal.. N$\ltml 4Qnsl1;r tll.teN. 'WeTe uoe4 
I 

Wb&n llGOOseary to guaftmtee that the dif!'e~ tn intensity bet.v"een tl~ 

e.rc:; ~ a.nd tbs pe6JI;. intensity ot tbG plaas ~ et a gtven 1m.w-· 
. ~ 

lonath 'Utl.e never mro than a mot~ of 10."' 'flbe l~ty ot tbe multip.Uero 

vas -checked 1n e. se.})Wate ~- W1tb-&U these p;oeoal;rt;.1ons, tba 
p 

pbot<lntlltip.tiara eould be trueti;ld to siva val1d c~1nons of tM brigl'J.t.-

_mos ot thac ere to tba.t of the plasma vitb a llaX1tm:dn error ot about 5·.:. 

'rbe short- and lons•tom stabWty ot. the tmtirt) syotan coW.d m 

&to~ 'by :repeated ~slll"em3nt& ot the *lteMts tJoam tbe ere at tb(l 

• throe Vtl-velengtbe. A ~ries of t:tve Q1: siX eonseeutive EJaO.aUJ."etlento of 

the nrc oignal oboWGd an rmo tleYietion of about * 1~ at all U\velengtht:h 

TOO lOX(t .. t.em stability or too enti:re e.yet.(}m -wao determifled by ~ition 

of tbis type or motlam~ au t:t.mss durina 2 W03ks. i'he average 1n.tens1t¥ 
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' 
(averaged ·aa.c.h t~ ~ six ~iva flhoto) ~dan l"t1EE d<!vtaticn 

du1."1.ng the e .. 'd)ak Jnriod of a. bout ± ,;:- ~t aU 'tllrea ttiV$letl$t~ 1 cm4 ~ 

no tndi(!.Qtion at &U or o. drift, 

'1Jbe Be p:rofilet:, 'll'Cte Aat9~tl a4 a. ~1cm .o't timia ~ an 18... 

ch9.ttml "llOl;re~tor,. n tho ~onor 0, 'tltdeb b$8 ba~;m ~lXrlb¢4 by 

~-l.lm&.n et a1.'0 -~ dnt4, 1"eo-01'4cc1 an ~14 film)-~ trc:o n~ 

dual•'t:oa1D oec1llottc:oll$tl (1\lktronix fn,n 5~) cquil',CI!d 171tb d~cl#W1el 

.. 

~ ~ ~or ~ in USS•; S $o u~ ·tt> eea;p tho $~ 

regions or intcreBt to ~ntee tbnt no taJJlt impuritq llncn (tn tJ:m coco 

of tl't:l :PlAsm) or moleculo.r 'band rn41l\tios; (1il tb.l o~ee Of t~ .art) wro 

supe~ on tb) cont.1nuous npti'etr\lm-~ .AJ.tm>ugh e. null\boJ> ot very ~­

Q.tld U2'11dentifie4 l'-t»B l$1"e ~ 1Jl, the ~Ctr'mil at the~~ 'idildotm,. 

bottleen tb::!m ~re of GUffieient V1dth (5 to 10 R) to llOkt!l ~ 
' l ' 

obsermt1on of t~ eont:tnuum :ndfatton poBdble .• 

v.~~ 

A. 1st~¥ ot k93t~u!1nal -~~1!?:-.& 81Q~. Ob:;o~lont! 

~ ot the speetroseop!e o~t1<ms were ~ 1.tr 10Gkine lnto ~ 

end Ot tm tube, eud GO 7iol4od \'QJ.ues of el.ocuan 4ensity and ~ra­

t~ ave~ 1n ot'lliO otimO$ a1.ofts the lim1 at ti16ht• 1t ms ~tt~, 

tharetol"e, to ~ $ale est~to or the loneit~1titl.l 'Ullifc::tmi.ty or- tho 

J)lQ.Bntl• '!be lonsitUdln!J. unif~t7 of this pxrt:f.cul&J' J>lafll!lll ua& ~ 

r:runpeet, ac iunl,tel ~ Grose15 ~ tbn.t a ~tic 1oni&~ wvo 

of th£1 t~ U!fed tQ ~ tb1e pl,asma ia ~0$1:ve M4 1miat ~~ 
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be followed by s ~"einct1on' wave. 

~ investlga~ ~ ~i~ uni~t7 of the pta.•, w drilled 
- I .. • 

fiv~ l/2•1n diozneter bQlee 1n too nae of the tl.lbo and oeate4 it v:tth thin 

q'l.artz wi:n4ows. A mirror mounted 4!\t an ntJ81e qt 45 4t3g on c J!JO'\'nble Pe&rri­

~ r:l.llowect light 1'ra.l:l flli\Y ct theee t!~ holen to l:e. Ntl.$~ ~ $ 111):9; 

~l to too a.xis ~ot the tube t•o t\ «eteetor conniet~ o~ n phot~ti• 

pller (RCA ml) and e.t1 intertenmee filter. fa~. relAt:lve (let:tsity , 

CJE.m~nta (.!.~ o. f*unction t:')f axte.l poo1t1onJ an 1ntel"f'e~ .. tiltor hnv· 

1ng a lxmd:tBS~ ot 9 R eentel'ed at 5,05 X ~tt ubet1. The tempere.t~ wa$ 

-"~r.ea4y lali:'N'n frool p.rel.ittdntU'3' neo.~nte to ~ abOUt 10.000 Ox. ~ 
Fig-. 3 ·ve see that the eotttimxum tntft-ns1ty for tbi$ wvel•nsttt and t~~ 

ture should '00 very noorl$'· ~port1~ to tho sq\~At'e ot tbEJ _itJn ~nstt;y 
.. 

(s!nco u1 =-He in a ~en plaama.) fmd. ~y-~~ ot the t~ 

parature.. At each vinttov t1ve Shote wre teJ.um1 the. 1n~uo1t1ee a~ 

. nt vor1oue ttmea, and the nqmte t"())t at tho a.v~ 1nwwstt:r (eorreet«l 

f'Ol" geCJD!)t:r1cnl ~ttect,a) plotted~ wdal. p:;ait10.lh ~ ~sult1ng 

tA"rOfUeo, Wbieh llhoulll. ba pro:porttonal to tb1a ion ·dea41V w1. avtu·a~ in 

ll<.l3() wy over tbe diam9ter -of the tube• are ~ in 11go. 9 ilnd lO· 

.. 

At -20 ,.~.sec tho ey~t1c :!.oniztng •'--a 1G (Jt11l ~ins ~ 

the tube. The tarG~t1on wave to~ ~.t is obvious. A sh:.'l.rp .jump in 

the ton density occurs l\t the end of' the tuno at 4o llH¢., Wh!::!:n the 10fdz-. 

tng 'Vtt.ve st:r.tikeo the ocreen- This pert~t1on .disappe4rs 1n about tbG 

eamtt t~ en aeoustie 'Wa\-e tokes to travel thn lensth. of tbe tu~ (tro "'coe), 

Bnd after 00 J,J.SOC the ·~ MnUmitomdty M' tim dm'191't1 lB ± 15%• 

~mture dstel"1!1:1rat1ons ao a f'U.not1on of ax!nl position on4 tt,m:) 

.• 
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also made by ob:3en~~.tion ot the 1\llinG. The telnp,!l'6turo variation with 

axial position we.a estimated fl.""Om t~ ratio of these line itrt;ensities to 

indicated that the va.rla.tion of' tem'};X.lra·ture wlth axial :tx)a1t1on 14 :p~b-­

ably less tbs.n ± 15% tr<;lm ;30 to at least 200 hl soc. · 

l3 •. r~Ji!rit?.on o~ l,Of:l 'DsnDi,t::; C.!$ Moa.eu.roa~.~tal:'k :eroa.d~!fl.M :qf' 

tbe H~ ,1.\fl;d El AbtjOlut<? .. Inte,n~~ty or tM Conti~ at, 53g0 ~ 

Aa a. cbe~k of the ion .. ttensity measuring tecbn;i.ques,~ ·we simultaneously 

· measured the broadening of the \ l1lt3 With the ~J.7chromatol'1 the ubso.l-u.te 

'intenefty ot the 11~ .l.i.nc, e.lld tlte absolute 1nte~1t;y- of a 5---R .'Mn(i ot eon .. 
' . 

-t1nvum c .. entered at 5,;.._'!)() 1l, We made these nmJ:eu:roments lOOking end-on at 

a radi\13 of 35 mm1 u.a1ng the beam splitter show in Pig:. 8 •. Th~ R~ pro:tile 

at l$0 .~see on e. typical shot io shOwn 1n. PiS• U, and 1nd1eateo an ion 

density of g.4 x 2015 c::zn-:5. 'l'he solid curve ta ~ ''best ... fit" thaoroti(!u 
. ' . 2 ' . . 

profile of Gr1em, Kol'b, and $ben. 5 The CUX'\"l!le were t1tted to tba o~rt-

menta.l line profiles .ey a computer by means of a tv'o-dimens1ons;l (in 

intensity and C"-) lea.ot•squa.ra cur\fe .. fitt1ng ·proccd'Ul"'0, and vtth the 

assumption of e. temperat\U"G ot 20 000 %. 

• Agreement 'bet~en t.h<) expsr:tme~teJ. points and. th3 best-tit t~on'tieal. 

p.rotile wo.e go-oo:t'S.lly ve-rtJ good. We never ol>sel"'Ved.. the dip that oe-eurs 

in the eanter of the theo'lmtica.l ·~ line pr<:~files. It is like~ tb&t tbe 

dip ws filled in cy radie.tton from lov-dennity· regi<ms 1n the plo.sm 

~· Eotll DoPJiler llroo.donine a.h.d inetl"Um9ntal 'broadonil'l5. wem oml.1 
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comp.1.red with the Stark broadening. An estimate of' reabsorption a.t this 
~ 

radius, baaed on a com~iaon of the intensity at the center of the H~ 

lin~ to the intensity of a blackbody radiating at the plasma temperature, 

indicated that the intensity at the center of the line might be reduced 

as much as 10(. by reabsorption at 200 l-lsec., and less a.t earlier times. 

TM.s small amount of. reabsorption, a.:tf'eoting only the center of the line, . ~ .. 
I' .. 

wul.d. have a negligible e:fteot on the value of ion density deduced from 

the line profiles. The slight axial inhanogeneity present after 8o TJ,eec 

p:ro't.ably also would have no visible effect on the line profiles. 

'!'he tem}:lera.ture as a 1\mction of time for the ·same shot was calcu. 

l.ated, with the help of Fig. 5, tram the ratio of the B~ line intensity 

to tbe intensity of the continuum radiation e.t 5320 i. From t~se values' .. 
ot the temperature and f'rom the absolute intensity of the continuum radi .. 

ation, the ion density ws calculated for the same times, again with tho 

help ot Fig. 3· 

Figure 12 shows the ion density measured by the tvo method a as a 

tunction of t1me for this particular shot, With estima.ted experimentnl 

errors. The values of tbe ion density determined fran the H~ line pro­

files M.ve been corrected for 1 r/ 20 000 °K (about e. 10~ correction). 

Although the va.luss of. the ion density e.s measured by line broadening 

were consistently somewhat higher than those determined from tbe con• 

t1nuum intensity measuremsnts, the two values agreed in each: case within 

the estimated errors. On the basis of this generally sat1sf'e.ctory agree• 

ment of the two methods; apparent a.leo in other shots, it vao decided to 

make all further ion-density measurements b,y the absolute-continuum· 
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intens1 ty method,. a.s th1s method rcqui_red mu.ch less effort . 1n the tok1Jl8 

o.nd reduction ot data. 

· as Funetlons &t Time 
.-

The ion density s.nd temperature were detemttl.ed. ac tunct1ona of time 

at-five radii. (co~cponding to the locat1oiu~·ot tha· hOles 1m~ eoppor 

oereen) fioQ12 meesu.rements of the absolute 1n:t.ens1ty of thO B~ line and ot 

two lands of continuum radiation at 5,05 B and 3225 R. The. buldw14ths 
;· 

were 50 R, l1•5 1t Md 4."o R, respecti~lY· The wlume of plar.a!a o~so:rveti 
was approximate~ that ot a long tapered ~ted pnsm1 1nr8llol to tbe 

axis ot the tube, and with 1• by :tO•mm and 5-- by lO.Zl.Q bases. 

At each radius and time, three val-ues or· the te:rJJpSrature wr.o eal.cu-

, lntad trom the three possible different re.t1os ot 1nteneit1e.s. At a 
' 
g1 van time and radius, these three 'Values uounlly e.greed quite vell••'td thin 

20';\--except in two circumstances: (a) ear~ 1n time{ throV$hou.t the tube) ) 

vh:l.le the curNnt vas at1ll dr1"Vlng tba ionizing front dovn tbe tube, and 

(b) late in time (near the outer wall of thtt tubs).. In th! · tormer ce.£e ·· 

the ·mson tor the diec~P~ney ts not· known. 4!'he extrema nonuniformity 
, ,I ~ t 

along the line of sight, or J.arse dev1ations frOr.a -the!'.l:.eU equllil:Jr1um 

exiat:J.Dg during the ionizing phase me.y be responsible·• J.?ort~tel;r, in 

this otudy the earl,y history of the plAsns :ts not important ... 'l'he dis• 

the temperature and de~ ot ionization were always suttteiently low 1.n 
I . 

) these cases that rsd1at1on from tbe £ormation ot the rf 1on should ba~ome 
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noticeable, conti-ibuting ~rily ~ the continu\CI in the 'Vis~ble spect"l"Ulll. 

Second, it 1s p:rolable that the u
13 

lioo io appreciably rea.bsor"bed und.er , 

these conditions. Calcul&tiono show that both ot these effects o.re likely 

and consistent ~1ith the observed diecre];lr.mciOI!t.3l Fina:ll.y; it is ~so 

posaibl& that s~ impu.ri ty from the tube tm.U found .its way into the 

plasma_. !'roducing line ra.dia.tian that somehow ha.~ escaped detection. If 

at a give ra.diua anti time one averages the telllJ;l0~tUMs obtained from' n 

given method for si;< consecutive shots 'and. c01%lpl:t:'es this average ltith 

similar averages from tr...e other two methods, 011e finds tho a.ve.1~a t~ · 

pen.t\U"es usually :o.gree to within t 5%; thie agreement· indi~tes s:ma.U 

systen&tic errors, exeept in the two regions. discussed above. The results 

· ~ rr..ll'!11.1ar:ized in· Fig. 1,3. In Fig. ·13( e) 1 (4) t;t.nd (e) proh'ibl& valt1es of 

the actual te~rature M&:r the tube w.ll·are indicated b,y 'broken lines. 

At each radius and time the ton density vJ&.g caloulateQ. trom the 
' . 

100a.surcd abmolute intenaity ot the <:ontimitJm l"B9.18t:ton at 5~5 i. and the . . 

measured tempemture~ The rms deviations .trom ebOt to ·ebot ot both te;m.;. 

perature and density was alao about ± 5-%. lf the ~sulta of Ifuti and 

Lo:ztex-'2 h!td been u.sqd rather than thOse ot Euter?.~r29 in the ca.IculatiOD 

of the luminance of the ea.roon arc used as ~ radiation S'ta.ndard, 'qstematie 

dif.fere:ncea vould be introduced in the temterata:re and ion-density measur&-

merr.-o. Th.e "boot w-nlues" of temperature and denoity vould ·be changed by . 

only SOOut 2;! and 5~, :roapect$Yely1 however. 

The radial distributionS of tE::Im};ieratur:e and ion density at times of 

20, }4, 60, 80, 116, iind 164 ·JJsec ere shown in Figer •. ltt, 15, emd 16. E:t.ch 

point repi"esents an a.vorage of six shots. Also show in tbeoo t"igures, 
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taken at tbsee times duri»g a s~. shot. ln order that the sa pic~ures 

could be takert, the smaU scanning monochxUlator shown in Fis• 6 \ISs M• 

pl&<l'ed by a tast Kerr-~ tramtng ~ra (llectro-opt1eal Instrw13nte, 

Inc., Mr>del Uo. :f0i'C-6oo/B). ·The elCPOstU'e t. 'VaS 1 J.1Sec~ Th-380 I>1ctures 
.. ' 

Wtre taken in ~oto.l. vt_sible light; pictures ~ .tn Rt; light with an 

1ntertel'enee fUter were very stmil.o,r. The bright sl)Ots are the holes in 
~ . 

the screen. The daShed portions or the curves 1~1~ that the temJ~era• 

tu:re and density mee.suremerrto are unreliable~ In tneee eases thtl radiAl 
• # 

distribution eu.rv-as vere oxtmpolated t:imOOthl.y to zero at the tube \.'all1 

Vith the best values of' .the tem];erature and density in. that reg10t.J. used 
~~- ~ 

. c \ 

as guides. 
,. 

VI• ccmcwsiONS 

• • -,Ji , .. '\ 

'Ihe results described 111 this paper demonstrate that maeu.rmuant of 

spectral 1ntens1ties can be used as e. l"eliable technique tCJr the deter-
. . 

mination of. ..,lectron temperature and density 1n a plasm; p!oovide6 the 

.tollowir.lg condi tiona ate tul.t1lled t 

(a) The :plaatna should 'be transparent .1n the spectral region stUdied • 
.. 

'!'his is often ea.stly ver1ticd in retrospect, bUt it could of course· be 

checked by a oellt'U'&te tra.nsmi esion expariment.. As a. corollary', condi tiona 

should be uniform sl.ong the l1na of s18h't or at l.ca.st have e distribution 

for Which corrections could be made. 

(b) The speetrum must bo known ·in the region stl.ldied: l\1 this we 
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mean tha.t, al.l species involved in the emi~Gion r.oust be 'taken into e.ceount, 

1.e. no ·uncontrolled impurities may interfere~ tn this sense tbe li• con• 

tinuum suspected in the cool plasma. regions of tbe preaent· experiment was 

treated like i.mpur.ity :radiation in this paper • 

(c) The emission process must be llell undertJ:tood, i.e. transition 

NQbabilities must be knerwn· Therefore the method is best- suited fGr 

hydrogen pla1311S.e. 

(d) The population of' the upper state of' bOund-bOund transitions 

must be in thel"ll'le.l. equilibrium ;with the b'ee electrons. It is p:resuppooe<l, 

of course, tht4t the electrons have a Maxwellian energy distribution. 

· {e) The emission JmtSt be eut:ticiently intense and roproduc1bl.e1 e.nd 

tho detectors must :temain thoroughl,y calibrated, to permit the gathering 

of meaningf'ul quantitative_ date. These last statements se~ trivial but 

it appeared tba.t e:n:y one of tbefll m:y easily be the llmiting ta.ctor 1n $ 

given experiment. 

Violation of a.ny of these cond~tions will cause d,iscrep:mc1es between 

parameters infen"ed from different meas\U"'ements. Convernely, we believe 

that mutual agreement bet'Ween various measurements is El. st:-ol)8 indication 

that tht!t3e conditions are satisfied and hence that the Werf.ed values 

are reliable. For instance, it was not possible to arrive at a.n unam .. 

biguoua electron temperature before the 1onizat1on front bad reached the 

end of the tube. We suspect tbe.t while strong currents are tlowing and 

while rapid ionization buildup is in progress, condition (e) ms.y not be 

~. Mfilled. The uniformity mentioned under (a) is of course also a very 

poor approximation here. LikeVise, vteVing along a di&rleter yielded 

\ 

--
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eamevbat Wll'ellla.'ble t.efntlemtures_, p:es~bl.y because ot the l'84ial nQJl.t. 

urdtorm1t1oa. '.l"'he electron•dens1ty meaourements "tsaed on i'is• ' 9.F$ I . . . 

cleo.rlJ not as sensitive to tem~mture g~ients in thtJ region betvaerf 

10 000 e.nd 30 000 °K and therefore yield a.n nlmost l.ineal". average along 

the line of sight. On the other ba11d i the generally ~lo~ asreemont or 
~ . . 

the 'rnl.ues of the ~ra.ture as assured w the thl'ee methods ( cce Fig • 

13) is ovidonec tba.t &ce1ted etates of neutJ."al ~drogen atoms in the p]Am~a 

are 1n equUibrium with the ~ electrons down to the n • If. .level at least, 

and the eonsiste~t raea~nte of the ion cienoity ~ absolute :t.nten~ity 

meaS'ilrEI!OOnts arii by Sttl.rl! broadening ot Hp give eontide~ee that the -emission 

.. 

' . . 
The resulto shemn tn Pigs. 9 to 16 S'Ugf3est ~ numoor ot aonc.lusions 

concerning the plAsma illlder inveet1get1on. As mentioned 'bo:tore, ·tbe be .. 

bavio:r eh<nln in FiB• 9 ls at least qualite.tivel\Y' in eood agreem~ vitb. 

the .model for the Pl'OP'Ct'lting breakdovn that had betm .~ "imi1tin8. 

sw1t<:hooon w.ve."15 Also, the ~tion time for the l<mgitud1~ non ... 

un1tom1ties is <;oneistent with tbo idea tba.t prest:N.l'e be.l.ance 11'1 this 

direction 1a approached at a rate governed by the &l'JGed of sound. on 
~ 

the other hantl1 Fi6• 10 tloea not convey the .i!npn!eeion tl:at the plaoms. 

decay 1o domimt$d by streaming or ditf'usi.on toward ths ends ot the tube. 
~ ' 

We mUst. conclude that undetected ~ layers e.xiet at. tbe end plates 

which support large 'terllpe:rature gradients and through vh1ch the itt'es£!\ll'O 

is constant. Since these la1ers w~ not discovered wbon viewed thro-ugh 
• I 

the oidQ portis they must be quite thin, i.e. less tba.n a few ettnt:tttoters. 

, 
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the thermal cond.uctivity of' hot h..,~n, re~d that thO .~rth in 

t}.li.elmes~ uould indeed be Sl()'J.ll during the tima of the exper~nt. '' The 

exi:;;tGnce of o. thin, poor:cy~ conduc:ting ln;ye:r bo.d alree.dy baen 1nf'erred ~ 

from '(~he nature of the refl.Gctions of Al.tv~n w:veQ.l,9 

Aeeo:rding to Figs. 14, 15, and 16 tho radial discharge used here 

produceo a ~Ilindrical·plasma with n core of relative~ taw ion density. , 

It is clear that the o.xi&l m.(;net1c :f'1G.td is eu:t:f'ic1ently atro~ to pre ... 

vent the tol"tBtiou of a pinch on the axls of the tube. Nevertheless, the . 
lack of plasma in the :'shadow" of the e.node 1s. a .little surprising beC!3-use 

the resistiVity of' tho plaSJDa ie high Gno'l.lf,b to pormit penotration of con­

siden.ble C't.U"l"(';nt to the tube axis during too d.iocha.rge pu.l.Ge . (~ 15 p.soc). 

It is, in fact, not just1t1ed to conclude tllflt too plasma eore has a rela• 

tiwl.y. low degree ot' ionization. Since in thie region the 1ons can cer ... 

tainly not oo disappearing by ditt\J.aion., we ee.n u~ the ealculations too.de 

by J:ates et a1.34,35 tor tbe neutral. densitioe in the steady s~te to 

esttmte an initial ~sree o:f' ionization of at least 751, nc&r the a.xia of' 

the tube. It appears there tore that the central ·region of the tube s~tero 

a aubsttmt1al loss of mo.terial by same form of pump out, caused either by 

centrifugal e.ct;ton during the rotating phace of the diochargq or by d1:t• 

fUsion of too neutro.l sll'cies into the hotter o.nnulAr l"')gion ,of tho :p.l.asnn. 

At the instant the pro~at1u..~ brealtd.mm has roached the ftl.r end of 

the tube 1 th$ main 'boa¥ of thQ ee.s most ee%"tn.ibl._v is very h:j.ghly ionized. 

Since the neutral density was not determined tUrect}¥, tba elt&et value of 

' the degree of 1oniza.t1on cannot be given. However, the cit'C'UtlDtt.wce tba.t 

\ 
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tho. cond1t1on.s a<GSUii:OOd by ~s et $1 .. ' 5 &hotlld \:Jf:t ful.1'1llcd tn this co.co 

'froUld indicate a. mut.ral density ~t a l'ad1til ~sit1GI'i ~ ~ the 

~is ll%ld the tube lil"aU of Q-t most a ·few pe~@t1 

'rbe most ~t 1n:te~noe di:'aw tral:l F!ga. l4, 15, and 16 1s the 

ab&en00 of rapid pla~ .aiftuston aeroas tbe magnatic field, tn spite ot 

oo~tial density grndients. Ir radial p.u1;1<:le. tranaport W'e:m. SiS• 

n1ficant, the ion density on tbe s.xte vould be nsing rather tbn.n &tc~· 

i;o& under the existing conditions. Ot <!OUX'S&-1 no an<::ml!\lous diffusion is 

exp;!c~d 1n. this eoJ.Usion-d.om1mte4 pl..a.oma after the diso~ c'lll7:ent 
~ 

has died d.ovn. A look at the tempemt\.11.-o dist:r1but1on1 on the other ha.nd, 

reveals that the plAsma. cools primarily by m,dia;t ·energy--transport to tho 

eold tube w.ts. 'l'he decay of 1on1zfl!t1on must t,ben 'be d~ to lNH!~biro ... 
~. ' 

.. 
- . ' ·~ tho· nat~ of it$ dsca;y in tm ~ub.ject of a I!&);Bmte pu.blt1e~t10ll• We may 

in~icate here JJ,Ora!y tbst the ~ecay cc>effiticnt r a ... ( dll1/ dt) /tt1 
2 &a-duced 

f'rotn Pig. l2 C»" frQ'ft oo.m campl.e.~ data lies w'twen 10""12. and w·lL em' /cttc 

t1nd increases :t'Qpidly a~ tho teznperatu:re decl'el!l.StUl, ~.n good ~cmnt With 

predictions .fl"'lll Ref.. 35. 

The author& vieh to tpank Drs. Fo:rt"est ;t. Boley, Ala.n w. DeSilva, 

George !h Sptll.nan; J®n !Jh . atone., and John r.t. "fl1leooc · to;r IDIJl' helpful 

d1scue8ions durl~ th9 coursq of this vork. 
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Fig. l 

Fig. 2 

Fig. 3 

Fig. 4 

Fig. 5 

Fis· 6 

P'ig. 7 

FIGURE CAP.i!IONB 

Schemat1.c d~ . or the appu-a.tus us~ to produce the plae.nr.A.. 

Normali~ed ~line inte~aity W£(48~1) as e'tunction of temperatUre. 

Normalized continuum intensity Wc(5}20) at 532Qg ~sa function 
l . . 

of temperature. 

Normalized continuum intensity We(m;) at .5225 i as a function 

of tempamture .. 

Ratio of the ~ line intensity to the cont:l.nuum intensity per 

angstrom a.t 5320 i as a function of temperature. 

Ratio of the \ l1t1e intensity to the continuum ,.intensity :Per 

angstrom at 3225 R. as a function of temperature. 

Ro.tio of the continuu!ll intensity at 5.305 R to the continulml 

1ntenai ty at 3225 R as a funct:t,on of tempa""ture. 

Schematic diagram ot ·the equi:r;D!nt used in making apeetroscop1e 

mea.suremcmts. 

Fig. 9 Ion density (srb1trar.v units) as a· function ot axial position 

at 20 !J.OOC (•); .4o !lBeC (o); 6o psec (A)J e.nd.8o "'-nee (:J.)* 

Fig. 10. Ion density (arbitrary units) as a function of a.x1al. pos1t1on 

at 100 tJSec ( o); .1.20 IJ,eec ( o); 140 !-4Ge~ {A); 16o IJ,Sec (6) J 

180 ~ooc (11)j and 200 ~sec (a). 

Fig. ll The H~ line profile at 150 ~aeo, ind1eo.ting1 .1'or this pu-tieular 

shot., an ion dennity ot 2.4 x 1al5 em ... ;. 

'Fig. 12 Ion density as determined. by mea.aurements of Stark broadening 

(-) and absolute continuum !ntenei ty ( ......... } on e. SinGle shot. 

Eotim.ted errors an; sbcMl. 
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fts. l' ~ temJJemtu:re dotennimt.ion.s tram -~- throe intensity 

mea~nta as a f'unction of _time e.t five lt!d11; li~ .of eight 
,, 

-s J;ntallel to tho uts :Of. the. tlib:a. Eacb point :re~sento 

an e.versg~ of $ shOts. The sol14 ctroles 1 ~s, 'and 

open c1:telea :roter to the t~peratths deduced frc:m Figs. 5, 

6, and 7 respectively. .. 

Fig. 14 End•an f'raning•ciamsra piet-urea of' the p1.aa:ma e.t (e.) SO e.n4 

(b) 54 ~sec, with the aver&ge ~Ues of temperatu:t"e -end f.on 

density- o.t these times• 

Fig. 15 End.•on fra.ming~Ct:lm$l'Bo :pictUl'eB and _re,~i,a). profiles o£ temperature 

and denai -cy- at ( ll) 6o and (b) 8o · ~aec. 

Fig .. 16 End•on trnmibg ... ee;mera pictures and rarl1al l'rOtilee ~ telmpemtu;re 

a.nd density at (a) ll6 Md (b) lth I-isee. 
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