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ABSTF~ACT 

The radial distributioni3 of floating potential in the positive column 

. ,of a glow discharge in a longitudinal r:nagne'dc field have been measured with 

electric probes designed to miuin'l!.ise. the pe:l'ti:urbafd.o;rl of the plasma. Ecker . 

has showed that U:he shape of theac distributions ca.n provide a sensitive indi-

cation of the px·esc~'lcc of enhanced elcct:l~o·r.1-·ion interactions. We aee no 

evidence fore enhanced interactions; at nagnet:lc field strengthc below the 

threshold of the previously observed helkall instability the results a.l"e com-

paUble wi~h the classical a.mbipolar theory of the positive colurnn. 
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HADL--\L POTENTL~L DISTRIBUTIONS IN A POSITIVE COLUlviN 
IN A 1\~AGNETIC FIELD* . 

'y ' 
George A. Paulikae and Robert V. Pyle 

Lawrence Radia\:ion Labr.n·atory 
UniveTcil.:y of Califo:a•uia 

Berkeley, California 

July 31, 1962 

I. INTRODUCTION 

/ 
/ 

The electric potential dictzoibution within a plasma is related to the 

relative loss rates of the positively and negatively charged components. A 

number of inveotigato:s,s··experin"leritally- have observed charged-particle los-

ses conaiderably in excess of Che p14 edictions for a quasi-stationary plasrna 

contained by c.. nJ.agnetic field; these lor:;;ses lead to speculation about an "en~ 

hanced 11 diffusion, also called "dra-l:r111 di.ffu:.:;ion. 1 :Recent examples for fully 

and we<%kly ionized gaoes, respectively, are found in the Stella.Tator work of 

Ellis et al. 
2 

and the glow-discha.~'ae positive column studies of Hoh and Lehnert. 3 

Many oi:heli." exaL-.c.r.ples of diffusion e:<:pe:dmcnts can be found in the i!'eview 

~ 5 
papeTs by Lchnel~t ~ aud Boeschoten .. 

Although the .diffusicm. pl"ocessca; in fully and weakly ionized gases are 

bacd.cally quite cbl.ffeJL>en~~ some enhanced intell.'action proceSHJ might be common 

to both of them. In the case of the poo:Ltive colum~. the incJ:eas::e in particle 

locae8 obeell"ved by Lehnert and Hoh at a cri~ical magnetic field wel'L'e shown 

by Alle~1 et al. 6 to be associated witl~ the onset of a macro-scopic helical in

stz..bility. The Chem.·y has been given by Kadomtoev and Ncd.ospaoov. 7 

The queotion remained as ~o whethe:i.o :!l. small a.,mount of enhanced dif-

fu:Sion duer \to othe~ effects might also occu~ in the positive column. It has 
. 8 

bee•~ ohoW\'1 by Ecker that the ll·&di:.t.l pi:litentiZll.l diet:ributio~'l!. in a cylindrical 
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positive colum111 can be affected strongly by ~he presence of enhanced di£-

positive colnn:J.t1 has been measured aa a fund:ion of m.Gl.gnetic field with 

- oeveraJ pl·obe geometx-ies. It wiU be demonntra.tcd that radially inserted 

p1Gobee can peX'~uJL"b the potential .seriously, but when thi£J pertu1:bution was 

1·emovcd no indicaticra. of enhanced di£f:lsio·tt was found below the critical 

magnetic field e..fc -...rhich. the sph:al instt.biHty develops. 
". 

II. THEORY 

The wtt:il.ble: posif::ive columi:t L;; a qua.si~neut:ral, weakly ionized plasma. 

v. 
-92n(C') + 

0
1 ~- n{r}; 0. (1) 

_a 

Here.· n is the particle density. v. is the nun'lber of ion ?airs ;-.reduced )er second 
1 

per electron, and Da (B) is given by 

(2} 

D -L, !.£., are the dHfu::don coefficients and mobilities at B = 0, a.nd volume 
~ .: "'(" ' 

recombination tMld electron attachment have been neglected. In a long cy-

lind.ricZJ.l ueom.etr•r. ])lt'Ovided. v. is indl::::pr.;ndcnt of n, the solution of e·~lu.~. Lien .., :/ 1 

(1) is 

n(1·) = n(O) J 0 ( ~: } r .• 
{3) .· 
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I•~:t"OlT; th'~ boundary concl.it:ionso c::,~pres ::;ions relating the ionisation rate and, 

h~~nce, the elect:t:on ten<pe:rature T 'Co the parameters o£ a discharge cc..n 

be o~:;tainecL 

The longitudinal electric field is det12:rrnined by the ;JOWer in;:,ut 

requh·edl. tc· mah1t<::-:.in the electron d.isr:t'ibution at a te:;.y;perature T . If X(T 

denotes th.c fractional energy loss by an electron in a coHisbn includin:~~ 

cdastic, inelastic, and wa.llloese:a, and H quu.dratic icnh~<,.tion proc8sees--i. e., 

ioniz:ation fro:-r1 eJ:~cited atomic states- -are e:zcluded., the electric Held iG 

found to be 

E z (4} volts/ccn. 

attire by dec:-re~sing pard.de losses, \Vhi.c::-! in ti.!n1. i::; J::eflectcd in a dimin-

iehed. lougitucH.nal elE:ct.ric field. This ha.o beer. con.fl:;:·rncO. cx.perin:entally at 

B, such as w~ct.s found by LehneJ~t and Hoh at high magnetic fields, may con-

s equently be taken 2.Ei an incH cation of a change in the pa1.·ticle loss. 

Another para!netc:t> which is suocep'dble cxpcrhnental invcr~tigation 

· cyHr1d:d.c2.l colu.mn i.s found to be 
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··oel~t-l!.'ov;•., l'"'e'····r"''~···l !' " "" ,., .[.; ~ ...... .;~_u ..1"'(..\i\IC....:;;t. r"-(jt ....... _• } .. +'A_ .. ?:i.ckertm.1 o:nd von. Engle also obG<:!rvcd the 

in their. experiment; howcve:~:.·p thei!:' rendts displayed la:i"ge asymmetries across 

the cH.ameter of the tube, Which they o~ege.csted n~iz::ht be c2.nccd by m1equal hl.tet"

actions between the •:.v.:r.U sheath e>.nd the she.:::;th at the tip oi. fheir radial probe. 
10 

B. 'T" · r~· - 11E:CI':'/ 0:. ;:;,~~ 

In ambipolar c'd.ffusicn of Dicgly ionh~eu partideGp the radial particle 

the rachal 0!ectl:on C\.O.!'rent r equ.2.lS ~~ero. Acco:!."ding to Simon. such 2. 
r- i 

,J • . • b . • -~ ' . .. ~ . ,.. . .. . +'' I ' conu.HH.)rt can e reah~::.eu. p~1'JGllcc:u.~-:r :u the e:.iect:r:·ono are :tree to .u.yw a.~.ong a.ny 

! . . ll 
• •• 1 " "• '' t • ~ t - ' ~ 'h 1 I rnagnct~c-ir.l'.c a !.lt'le to conauc 1ng !JUL"rc:ceo 2. • t~1e enaf£! 01 c e 'fh2.SD;l&~ colun1.n. 

! 

I 
h<.H; suegeDtcd that in. contact wi.!:h a p!.:~:JL;.&. even l.l.O?maHy iinsula,ing r.::1ate14 ials 

\ 

r.night ac~ af;; · eqci.i potet'ltial r:mrfa.ccc. {I<l'e-Ld.ii.gh haG obt<d.l.-:i.ed ::wme 'c~i:pe?imcntal 

=Ln. (6) 

He 
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no magn.etic fi~ld. 8 
It :I.e h1teresting to note that the radial potential distri-

bution ifl independent of the magnetic. field strength in the case of Simon 

diffusion. 

C. The Th~ory of Ecker 

Ecker has obtained the general expression for the radial potential,;·. 
. r: .. 

distribution that allows for arbitrary values for e = ~I~,r:- , and that includes 
r·+· 

an a:t·bitrary electron-ion interaction. te1·m !], that might be associated with 

. . t b'l't' 8 
mtcro-uls a 1 1 tes. 

Defining · <Tf+ = e11 ~+ n(r),and assur:n.ing that 

and 

·· .. eU 
121' = 

f, T \ 
+ t + ~1 + 'T i 

l ' ' 
\ - J 

( ) 
J. (J 0- + o· 0+ n l' 

P + 1 + 1.1. 
2 B 2 + p. · !L · B 2 e n( 0) · · 

n··!· + +- .. 
)1. n: :~ ..;_.;..-------=---------

a, c'o- +<Jo+ { 
i i + 2 Z ·.' 2 I i 1 + f.!.+ B + !J· +f.L- B ~ I 
\. ; 

1 + 
2 f 1-t+ 

1.1 fJ. B \-+ - u. . -

Using the Beoael.function density di~d:ribution obtained fo1• the pou:iitive 
', ;. ...... 1\, 

column and assuming no enhanced interactions, the pl·evious solution for am-

bipolar diffusion is reco¥ered by setting E :: 1. and the Shp.on diffusion case is 

(7} 

.... ··.: 
:~ recovcH·ed by setting <: = 0. Interrnediate values of G are, of course, peX"missible. 

''.', 

.\ 
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Th "t · .(d • d 1- c· 11 )'. · ' rc· · f e cr1 e:rnon eve1ope uy vllnon,. tnat ts su o~.l.Clent or trans-

verse diffu.don to be am.bipolar in a plarm.•a. column of radius R, where 

the column is immersed in a magn~tic field of length L and tel'minated 

at both ends by conducting surfaces, is 

(8) 

where 1/fl. = {1/n) (dn/dr); n is the dctron density, w _ is the cyclotron · ., 

frequency, and 7 _ is the electron-neutr<:i.l collision time. This criterion 

is satisfied ,h1 many of the present ope:,:<::.ting conditions, and we have seen 

no indications of other than ambipolar transverse diffusion even in rather 

short tubes. In the "long tube" experiment considered in this paper, we 

will use e = l; fo1· this case the radial potential variation in a positive 

column is given by 

eU (rd = 
"k:T 

+ 

i T+ ) ( iJ· + 
I--- T 
il.l. --.l·" 
~ - . ·....-----..:--

1+ 

lln 

Pn l T 
- I '"'0 

t ... 

(J 0+ + (J 0-

l+JJ.~.!l B
2 

.. 

1+ 
ao,+ao .... -

. l 
l+f.1f.!B + 

If the second term on the right of the eqt1a.tion is appreciable, i.e., 

''1 f. 0, the shape of the U (l·)-versus-r curve is noticeably modified, and a 

minimum ir:; d<;;veloped as shown hi ·Fig. L In plotting Fig. 1, values 

.,. /.·~· 

··q: ·'~~d i'j• _::f ·· t~at are representative of the positive column in a longi
. + ' + 

tudinal magncetic field have been chos<:m; the value of <J O+ + a 0 _ =5 

(9) 
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implies the pl·esence of a greatly enhartced interaction. In this example 

· • . · the axial electric field would be increa.ned above the classical value by 

.. ·. 
a large amount if the increased interaction were uniformly distributed 

acl·oss the tube. Hov"<revcr, Ecker has argued.8 that enhanced interactions 

could exist throughout a large fraction of the plasma without appreciably 

affecting Ez, but potential curves of the general shape shown in Fig. 1 

, would still be obtained. It appears possible, therefore, that a semi-

quantitz..tive determination of the :eaclial po'i::<::::ntial distribution can be used 

,·i as a m.easure of the presence or ,absenee of at1y enhanced interaction and 

HI. T£-IE EXPERB!IZNT 

The basic phys_ical arrangement is shown in Fig. 2; this is known 

as the long-tube geometry. Discharge:o in pyrex tubes 300 em long and 

" 2. 75 em in radius were studied; currents fron 50~to 500 mA de we:re dl.~awn 
' -~:~: 

: .. ! 

,c.'i. 

''.: 

.. ~ 
·,/ 

·' 
. ·~ . 

from a hc•t tungp:;ten cathode and an electl~onically regulated constant-

current power supply. A nu.."nber of electric probes made fl·om glass-

coated 0.5 mm tungsten rod, ground. flat at one end. and p1•otruding slightly 

into the tube from the tube wall, were spaced along the tube as showt'l in 

Fig. 2. ·,:Midway between the electrodes, Langmuir probes of va.rious shapes 

and types could be introduced into the tube.and moved along a diameter by 

l>.1.eans of a micr·on1.etcr screw. The region of the tube in the vicinity of the 

l."adiaHy movable probes was provided with sev~ral wall probes. The per tux bing 

effect of the padial probe on the plasma could. thus be monitor~d to oome 

extent by ;:r.i!)i.litoriug .the .a::ial ~J...-:::ctric field. An oil diffusion pump with 

21. rr::;f::.~it:ex·ated baffle and a. liquid nitrogen. trap gave a system of base pres-
. -7 . . • 

. ~;l1.:<':e of the order of lO mm of mci.•cury; there wae no provision for baking 
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the tube. Du:dng an experimental r1.m gases \Vere continuously bled 

th-rough the system, sometimes th:rou.gh a charcoal trap kept at li-

quid nitrogen temperatures. 

' . 
The floating-potential differer1ce between two probes, one fixed at 

the wall. the other movable along a tube diameter containing the wall probe, 

is shown in Fig. 3. In this case the rnovable: probe.was m.ade of 1.5-mm-

diametel" tungsten coated with glass to a dian1.eter of 3 mm and ground flat' 

at the collecting end. These cul"ves v.rould appear to satisfy Ecker's cri-

terion ior the presence of enhanced diffusion {see Fig. 1). CurveG similar 
. 

in shape to Fig. 3 were obtained fo14 other gas pree.:surcs and probe diarn-

eters decreasing to a 0.25-mrn-diameCer anodized aluminun'l wire as well 

as for spherical and cylindrical collecting <.:reas. The minima were often 

less pronounced, but asym1netrical curves were ahvays obtainc.!!d. Measure-

ments of the axial electric field as a function o:f the position of the l·adial 

pl•obe indicated that the existing poterltial distribution was significantly 

pertm·bed by the radial probe.. In view of this and in the absence of symmetry 

<?~bout the center of the tube (see aleo Fig. 6 of J..•ef. lO)p it is clear that 

this technique is unsatisfacto:a-y for dei::ern;.ining radial poterLtial distri-

butions. 

Assuming that only the radial part of the probe appreciably perturbed 

the plasma potential distribution, we separated the collecting area fl·om the 

xadiaJ. po:t:ti.on of the probe as shown in Fig. 4. At the· same time an attempt· 

to calculate the p:robe perturbation in such an asymmetric geom&try was made . . I . 
fo? the B = 0 case by :dasterson eta!. 13

• 14 They found quanc~ttive agree-

ment with the expe:dmental results, but their analyoiG has not ~een extended 

\ 
I 
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to i;he B > 0 regime. These probes we1·e :x!.ade of 0.25-mm-diameter 

~ .(; 
~· :::~: 

. anodized wire. The anodizing p:r:ocess provides a d;ielect:dc coating 

of excellent qudity 0.025 mm thiclc. Th•::: portions of the probes that 

we:i:e parallel to the <>.xis of the dir3cha:rge tube:; varied in le1igth from 

3 to 10 em .. 

If -the tip of the probe was ·.-wt acijacent to: a wall probe {Fig. 4), it 

was found that suitable refel"ence potentials could be obtained either at the 

anode or by means of a ,;ol'i;aee divider connected to two ·.;:,all probes Gpan-

· ning the position of the radial probe. Typicai results are shown in Fig. 5 

through Fig. 7. The lit1.es are not them:etical curves bu.t are d:;.·awn in to 

show the trends of the e:.::perim.en.t2..l di::;;tributions, and data for the various 

rna.gnetic fields have been nm.~mali~~ed \:o the r.n;:l.:v.:in"lurn in the B = 0 curve. 

The shapes of the curves are indcpcn.'d~::L.;.t of d1e length of the; pa!'t of the 

ps.oobe that is pa:talhl to the magnetic field, provided that it is ,sreate1· than 

a rninarnum value that vai:'ies with presou:re. The results h-1 all caoes are 

relatively oyn::u:net:tical about the tut.1e a.xis e:'J::Cept £or: a gen.eral tilt- -perhaps( 

·-.dens a.re ctill visible very close to the tube walls.· At magnetic fields · 

greate:r: than B , the fields at which the columns changed from azimuthally . c 

syrnm.etric to helical dist;::harges, \:he distJ.-ibutions are not particula:dy • 

. n'leauingfuL 

In ol·der Co remove the collecting area still further fl·om any possible 

radial asymmetric effects, the geometry shown. in Fig. 8 wao used.. Anodized 

lecting ar~~a were used. {P1·oblenlS of sag; due to heating of the wi~e in the 

discharge p:~·ecluded the ur:>e of this ty:pe of probe in the 300-cn1. tube.) The 
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. . 0 
wall probes were actually located along a dtZ>.n1eter rotated 90 fro:n the. 

posidons indicated in Fig. 8 so that t.h·"i! bare portion of the anodized wire 

did not approach them. Measurement.'• of the axial electric field as the 

anodized wire D:tobe was .. moved <?l.bout in the discharge Bho·,ved nerturbations 

that were less than 5% of the m.ugni\:ude of tb.e Held. A second anodized 

wh·e 0 ... 25 mm in diar.:,cte:r, pa::.·t.l.llel to the tube axis and. r:ctovable: clang a 

di.a:meter per?endicular to the motion of the probe wix·e, -.Jvas installed in 

the system depicted in Fig. 8. The :rndial potec.ti<:.;.l was monitored while 

this'·.per~~o.r.bing wire was moved a!Jout ·;;he dischat"~c; we found that the radial 

potential v.ras not altc1·ed by more than 5% by the p:!:'ccc.:;nce of the second wire. 

Some of the results .obtained v"ith these orobco c.~·e given in Figs. 9 to 11. 

Once again, the curves at and above B · az-c not c<:l.sily interpreted because 
(: 

thc::y are tir.oe averages of the potenti.<.lls in unsta.bk d.il'lchi2rgcs. 

I 
I 

IV. DLscr:;ssroN 

A comparison of the data fr-on:1 the dogleg probe in the loin"" discharge . I "' ,., 
• • . • - . ·-·· 1. ' •• 7 tube and the a~nal ·probe 1n the s11ort tube--e. g . .l:'lgs. 6 and 10 a\ 0.6-mm-hg 

pressure and Figs. 7 and ll at 0.9-rraY:-Hg presSli.Y'e-.-s:::ows that the results 

.obtained i_ ·with these two -g;:ometries 2.:n:~.' near.ly identical. There are· tv.ro 

minor exceptions: The curve elopes are diff~rent \Vhen the probing area is 

vvithin a few millimeters of ~the tube Vlilll. and they a1.·e quite differ~nt when 

the magnetic fields are so large that the· discharges al"c unstable. 'I'hc latter 

fact is probably due to the very' different tube d.T!d elect1·ocle geometries. The 

general agreement between results obtained with these two probe geomet:des, 

<!'.nd the derr.:onstratiotl in the short tub(; that a second :::.xial probe perturb's the 

meastu.·ements only in a minor way provide a me~sure of confidence in the 

technique. 
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To cor:c.pc::u:e the e:r.:pcl~im.ental ::esuhs with th(:ory,, it is necc.::snary 

to correct th,;; curvc::s for sagging of the probes when they are heated in the 

dischargeo, and, more in;portZ>.nt, to m<"-ke an assurnption. about the ion ten1.-

per<.'>ture. ~1.s an e~;:amplc, consider ::he c::lse shC?\Vn in .Fig. 9. Th(::; observed 

maxima do not occu:c exactly at fnc.:: center- of the tube; .the·probe. posi.,.. , . 

tion is indicated on the· n1.ic:r:.oo:n:: ci:c.;l." Gcrcws. Ncar the center, the probe wire 

no deflection was noted when the D).:Oohc was neaZ' the tube walls. If we m.c.kc 

the crude aosmn.ption thc:~t the sr:.g ic ·~:.'opo;:tional to the cha:t"Q:Cd-pc;.rticle den-

metrical cm:ves- -exa.rnplcG o-I which a:L·t.::: sho\Vn in E'ic;. 12. As dat:1 on the 

actual sag VEJ position do not exist. wr?; co..n use these exnr>.:lplec only <l.S a 

Also shown iu Fig. 12 azc sa.G1plc potential curves calculated fl•om 

Eq. {5). For this c<.l.se, T Wi:ls mea::mred to b12: 3.2 eV at B = 0 and 2.9 eV 

at B = 472 G·, the n:1obilities were obta:inccl fro·;:-.n :;:oef. 13. The ,,.atio ·c IT - - +' -
-2 -1 ie not kno'.'Jl:L ba'i: is gei."lerally thought to be in the range 10 to 10 We 

see from Fig. 12 that T-'._/T __ 
···2 = lO gives :.::. ree.oonably good fit except in 

the li."egion close to the tube '.van. This 3c~1.eral conclusion appca:;.·s to hold 

were obtained below B . c 

There is little pu.blir:::;hed literature on potcmtial meast!rements in a 

podtivc colu::nn in a. magnl':::tic flc!d. The Gtraight radial pl"obe measure .•. 

:::traight probes . 

in a 3-crn-rc~ciiu<.' tube with a racHa.lly n1ovable p1.·obe that consbte:;d of two 

2-rrnn-diameCer·probcs at a fbced sep::lr~:.tion oil em, '\Ne would expect 

appreciable pc:~.·!:urbation of the pcte~z.tial by· the probe, l1ut no datu. a:.-c given 
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fol" fir::dte magnetic iieldo leso \:ha.a t:hc:.~ c:dtical fL.:;lc'Lfor mac:r:•oscopic 

instability. P:robe mcn::m.rcr::oento in other typeo of disc:har.ze, c. g. reflex 

. .. 15 16 
(I'IG) d.lf~c.b.a .. rgc::!EJ, ' a1Qe i10t ciircctl~r C()~-.cJ.·p;::~t"able. 

a ponitivc colm:nn. {Jnfcrtm'l<::.tcly, !'J.O qnn.r.-.tit<:~tive con1.parison with our e};:pcr-

. ~: i.ment is por:; :sible .:::rL this tinn.c becc:t:D~ ( l) \.:he c~:.lc>:!lat'i.ono' do nc·i: include the 
·.f . 

. : .. · 

·which VIG h2:.·vc:: obce~<:vcd. 

and in dischv..1~ges ccntsd.ning movL.1c; st:d.::tic~·w (FigEJ. 6. 7, 10, and ll) reveal 

V. CONCLUSIONS 

The radial stem of an insulated probe can seriously perturb the radid 

used, tbr:; :cz:~cH.al p6tenti&l distributions ca·r:: be cxplcd.ned by the classical theory 

of the colu::nn; in this case we do t:ot o_,,.d min:\ma in the U(:r} vs ~: curve:r:: that 

. / 

' . 
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I 
r:-i'1t:::10tl d.iffu.siot-1., even i:1 short w.Beo at lov1 

i 

Thic; id not sur-

~nd tl1c mae;nctic field 

:eathcr than th.c metallic 

COl.1.dud::m.·o a.ssu::nc::d. by Sir.o'1.0n. (T!:.:.c:.~c i::;, hc,wcvcr, good evidence that in-

oub.tin;s cu:de..cC::s behave li!:>.e condcct01.":J wl.!en they e:.rc bo::-D.barded by plasma 

i .. ' 
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Figure Captions 

Fig. l. The ambipola;~.• radial potenti3l distribution fro~-n Chc theory of 

E~kcl,l'$, Piette d. as a function of the :::eL::.tivc radial dictance /
1:;> 

r ·"" 

f 1 . ' f ,.- .,., 2 . r:: 
Ol' va ues o .. ne para1ncter q = ~-'·+ :.:. _ ..d ; ex O+ + a 0 _ ::::: ::>; T jrr :=10 - - + . 

Fig. 2: 

Fig. 3. Potential with reopect to wa.E pr-o(;c vs r2.diu.o. He gas at 

0.2 mm in 55-mm-i. d. tube. }JlaGnr=tic fidd in cgauss 2..s i-.'1-

dicated. Cm·veo have been nm·r:::aalizcd to cei"!te:.... B = 760 G 
c 

is the field at which the helical inctability devdops. 

using 0.25-m:rn.-diam anodized alum.bm'l"l cloglcz p1.·ol"'~· 

Fig. 5. Radial potential U (r) vs di:Jta.nce o£ p:t:obe tip frorn. ts::;c v;v..ll; 

0.3 mm Hg, He gas, I ::: 200 mi\.. Dogleg pxobe (Fig. ·i) h:. 

300-cm-long (;ubeu R = 2. 75 em. Mag·i;:.ctic field H 

B-e is the magnetic field at which the helical insi.:abilit:y develops. 

Fig. 6. U {:rd-vs..:.d curves; Ee gas, 0.6-mm Hg, I= 200::-.c:.A. ·pl.·obe and 

• .. " - ::~ tube geometry iD indentical with lTig. 5 .. 

Fig. 7. U(r)-vs-d. ctxrves; He gas~ 0.9-::.arn Hg, I= 200r.s.A. P...-obe <li1d 

tube geometry is identical with Fig. 5. 

Fig. 8. Secondary, short-tube syeter:cJ.. 'X'hc anodized almninum wi:i:.·c 

was n10vable along ~ dian1.ete:!.· for :radial potential n1.casurerncntc. 

Fig. 9. U(l·)..:-vs-d curves; He gas, 0.2-mxn Ei:g, I= 200 m.A. Probe and 

tube geometry as sho~vn h~ Fig. 8; R = 2.'75 ern. 

Fig, 10. U(r)-vs-d curves; He gac~ 0,6-i.-rn-rl Hg, I= 200 rnJ-\. Probe aud 

tube geomet:t•y as shown in Fig. 8; R = 2.75 c:;:n .. 
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J?£g. 1 L U{r)-vs-d cm"vcs; k!e g£'..G, 0.9-r.rm""l. Er;, I= 200 mA. P::·obc:: and 

tube:: geometry as ohown it1. :t'ig. 8; f( = 2.75 em. 

Fi:e ae 0.2-r.n.m. Hg and I = 200 '::'.1.A. The probe w.nd tube gco!netzoy 

are shown in Fig. 8. The d2.t<:·. h:;.v~ been con·ccted for p:robe sag 

as clesc:idbed in the Ce:~:t; th:L; cor::ec\::ion is too small to h1dicate 

separa:U:ely in the B = 472 ~G c.:c:Jt: .. 
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