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The pai'tlcle and e&el"IY lotaee ·ti'Om a loaa · poaittve·. column were ehown 

by Lehnen1 to decreue with lncreaalaa maaaette flelcl, ae predicted, but 

only tor lie.lcllleaa thaD & critf.cal fte14, Be.· Above Be the loaae• lncrea-•e4• 

lea&a to apecu~a:ttoa a 'Nut the oriala ol the "ell.haDcecl 4Ufutoa... ruther 

meuurementa by LGhael't aa4··Hoh, ~ aa4 at thia laboratory, exteade4 

Lelmen• • meaauementa to other gue• ancl cllacharge tube pa&"ameteraJ 

in particular, it wa• ah~n1 Uaat at B the 41acha.~gea loae theb aalm\lthal c . 

aymm.etry an4 appear •• coutwicte4, &"Ot&tiaa, · lwntDOu heUcea (Fla. 1 •· 

llecently, Hoh 4 &Ad Kadomta~ u.ct Ne4oapaa~v5 Jaave couidere4 the 

ol'lgin of the iUtabUity l:rom ~ ~erent etaadpolaU. Hoh made uae of 

a criterion tor the -.bWty of a wall aheath aad ahowecl that it ia DO longer 

aatlalled when the mapetlc lleldexceeda a critical valuo. - The maaner in· 

whlcb the failure of the aheath•etaWity cl'lterion a.Uecte the 4tacharse waa 

not cilacuaect. ICadomtaev &ncl Ne4oepaaov, on the Other band. show that 

pertur'battou of the dlacharse columa can grow· when diffulon to the walla 

can no loqer overcome the effect• ofj X ! forcea ~ tend to increaae the 

penurbationa. 1 can not be zero •. but the value of Be obtained t!oea not 

' . . Work waa performed UDder the auapiees of the U. s. Atomic Enersy Commiaaion. 

t AER.E, Harwell 
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4epem:l oa the mapltwte of the cvrent denatty. lA ac:14ition to predlctlaa 

Be:' theb theory predict• the frequency, waveleagth, aa4 growth rate o£ 

the oaclllation. 

· Ia our experiment, dt.chal'se tube• ZSO c:m :1oaa were placecl at the· 

axle of a solenoid which coul4 be adjwste4 in length up to iOO em. Ae in 
. . . 

R.efa. 1 and 1, the 4iech&J:gea were run at conatallt current, and the axial 

·field waa ue4 aa a meaaure of particle lo1aee. Theae fie leis were obtaifteci 

from a numbel' o£ probes. The time ancl apace va.rlatlona of the vialble 

llaht fzom tbe. cUecbarae were photoaraphically rec:orcled fl'om a rotating 

mil'l"Or anci a •erie• of weU~coliJ,mated pbotom~ipUere. lrl'om the 
. . ·f . . 

meaa\&rementl lt wa. poaalble to obt&la clata. Oil the cdtical m.apletic fleld.l 

&ftd the olclllatloa frequel'lClea, waveleaphe, aDd arowth rate a f~t' Hz• D a• 
He, Ne, and Ala t\ll:te& wltb radii of 0.9, 0.95, l.Z7, aod 1/fS em. 

Lvmitlou helicee ol the clarity ebown in Fla. 1 were obaerve4 only 

lor apecial c:oinbinatkms oi aaa. preaaue, azul tube radlua. lQ aeaeral, the 

appeal'aru:e wae more chaotic, often appearing u movlq et_riatione superimpoaecl 

oa tU aplrala. Th• pltcbee of the apir&U were IUC:h tbat l X ! waa cUrected 

toward the tube walla. 

Some o1 the experimental Be va p data are ahoaln Flee. z and 3, , 

tosether with ealculatiou &om the .tonnuiae 6 of Re!a. 4 and 5. Numerical 

data were taken ·from the compilation by .Brown. 1 Consiclerable uncertainty 

exi.ta a1 to the actual coa4ltiou ill a poa.ltive column. e. g. both atomic auct 

molecUlar lou are lmo'WD to be pl"ea.m. The precltctiona ol the 1heath · 

theory are DOt particularly eenaltlve to temperature. but d.epen4 critically 

on the m.obllltlees we abow c&lculate4 curve• for two ionic apeeiea to Uluatrate 

the latter point. OD the other hand, the reaulte ot the CUl'rent-channel 

f.uta.bility theory depend much more eenaltively 01\ tempel"ature than on 

mobility. Be varying rouahly aa T
8 

for a siven preeaure. The moviD& 



· ltriaUcnle that were genezoally preeeat ia our Cllacharaea may approc:f.a'b}y 

.aff4!ct the electna eaergy dlstrl\mtlone. although the Be ve p eurvee go 
..... ~ . 

emoothly tlu'ough tra.dltiou from unstriated to lh1.ate4 reaimee. Slmllar 

uac:el'tal'Dtles esiat for the Ha• Da• all4 A CU..Cbar1••· 

Where it .waa poeaible to obtabl oeclUatton frequencies· and wavelength& 

trom the experimental reaulta, theee quaatitie• W.J'e ~ good agl'eement 'llritb . 

Va.tuee obtataecl f1'om the fonnulae In Rel. 5. For example, heUum at 

O.J mm HtJ pJ'eeeure ln a L 15 em radius tube gave an atlgulal' frequency of 

5 x 10" •cwttan./eec aDd a wavelength of ·rs em.. the calculated val~• beiq 

4.S X so4 an4 ,,, .respeCtively.8 In ad.cllti.On. the fl'eq\leacles mcreaeed wlth 

4ecreaelng radius an4 4eerea•tag pnsnree a• precUcte<i lrl Eq. (lZ} of 

Ref. S. Cirowth ratea were cUtftcult to dete~·experlmeataUy, but 

ahowe4 acJ'eemen.t ln orcler of mapitwle. 

We conclude that with the pl'opel' eholee of parametere either theery 

can approXimate t~e eiq,erbn•Dtal Be va p curvee, although the ehapea of. 
. . . 

Che latteJ' are perhape mo~ Uke the reeulte of Ka<tomteev and Nec!Oapaeov. 

Their tlleory alae ylelda penubati<m &equo.ctee and wavelengt~ lA goocl 

agreement with experiment. 
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Figure C~aJon• 

Fig. 1. The critical magnetic field, Be• VI gas pressure. 

A: R = 1.27 em, I= 400 ma; A: R = ·0.9 em, I= 200 m.att; . -~~. 

· (a) R = 1. 27 em ami (b) R = 0. 9 em, calculated from Kadomteev• 1 

theory. (c) R = l.Z? em and ~d) R t: 0. 9 em., calculated from Hob' a 

theory, hlwnirtg oDly Mea+ ions pl'e•ent. (e)· I\ = l.ZT and (f) 

R = 0. 9 em., from Hoh • •. thecJry, aaaumtas only He+ lone pl'esent. 

FiJ.. l. The CJ'ltlcai mapetie ftelcl, B c Vll ga.a pr.ll\11'fJ., . 

•:. B. 1111 1.11· em, l = 400 ma.; A: . R c 0.·9 em, l: ZOO~. 

.(a) ll = 1.21 em an4· (bt It c 0.9 em, ealeuiated fsoom _Ka.domtsev• e 

theory. (c) It c l.ZT em and (4) 1\ = 0.9 em, calculate4 from Hoh' 1 

. . . + . . .· 
~heory, aesumlag ·.only Nez · ions present. (e) R = 1.!7 em and 

(f, R ;: 0~ 9 em, trom. Hoh• s theory, assuming only Ne + iona present~ 

Fig. 3~ 90 deg atereo streak photost'aph ol heUca.l cout~ctlon fa helium. 

R = Z.~s em. p = O.i.S mm Hg •. B • '110 gaW.~. Trace• show va.riatl.oa_ 

· of Up.t intensity with time aa4 radtus. as eeen throuah ai~jp~~t'dumr 

to axis of 4lacba-~ge tube. Note that th11 is not a photograph ot the_ 
. ' 

helbq the heltcity haa. beea eetabUehe4 by waveleogth measurements with 

photomultlplters .. 



\. 

(/) 
(/) 

::::J 
c 
Cl 
0 

0 

CD 

0 

-8- UCRL-9399 

-a 
-b 
---c 
---d 
----e 
- --- f 

--- ------

6 6 

6 

Pressure ( mm Hg) 

Fig. 1 



•• 

en 
en 
::J 
0 • 
"' •• 0 • 

."'-

u 
CD 

"-, 

"" \ 
\ 
\ 
\ 
\ 
\ 

Neon 
--0 
--b 
---c 
---d 
- --- e 
----f 

Press ure (mm Hg) 

Fig. 2 

UCRL-9399 



-10- UCRL-9399 

.. 

Fig. 3 


