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ABSTR.AG'I 

Movi.ng stri.:itioas .in. a. d.t.rect current Rrgon g low d.i.sc.!:-.a.rge wert" st rtL .1 

over a pr. e ssu re ra.nge. f.t om 11 mm of met cu r.y to 200 mJc:c ons of me.r:c:t.ry and 

over the current range t~oro 25 rna to 0. 13 m~. Striat ions were fo und rtr ~~~~ 

at all pressu res a~d current&~ a nd t he striation patterns obse~ved w~re d: 

vided in.t:o .fou r gent::ra.l reg.io11s 1dth pat.tern s beco~i..ng e xt..r·em~ ly compl!c-tf_t'J 

h.t the 1owe.r pressu retl. 

A disturbance in the ros:itive ~o lu.'lln w~ . .lc.h s eemed to odg:inate ar tl·~ 

ca thode and propagate towat d t he anode was st •1die1 extensively usin~ rotJ~i"~ 

:ri!'ror p.hotog~.aphy ~ an osct.! 1 oacope t.n CO'!junc. t:i.on \lrith pt~ oto:nu:_t .tr .U.f' r -! ~ l 1 

a spectrograph. A t·te-rupt.s we .r: e made to i.den tLEy thi~ di .. ~.t.urbartct: as .-1 r-.e,!~ 

ati.ve sttlad .. on, bnt .i.t did nor.: fit the c .tvnac: tt::rlstie;s or t.h.F: d es~.ript!:.~··~ 

oi(Pred by other. investigators n. o:t d i.d i.t depE<:.~.d tn any s:Lmple \v.3,Y upo.n tt·, 

glow discharge parameterB. 

Several times dud.n.g the cour~e of the i..n.vE:.<:> t.1.gn. t.i on i. r. we.s tl".O 1ght r ~ ,• ,. 

stx:iations h.a.d been el:Lrn.ini:ited, but by gr e FJt l.,v l ncref.tsi. ng t.he min.or ">t:"·r.<!:.. 

very fast moving striations wer e detectable. Other inter~sti.n g phen~n~r~ 

which were observed include thP modulation of. a s low movi.ng wave wt t'h. o \~> ! • 

high f~equency, high veloc ity striation. When possible~ ~otatjng mitrJt 

photographs and photomul ti.pller outpu t traces are shown. wh . .i.ch i.llw. -;, t r d t t. ~ •·_1 

phenomena observed. 
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L 1NfRODUC II0~ 

.Moving s tri.at ior~s~ the: terrn descr.i bing al t e r naLe ba.P.ds of d"'.rl(.flt'S;:; and 

lumi nosity t ravel lLng tt~.rough t he pos1tive c. o h ann of an inert gas gJow d}y· 

charge., r.ver.e fi rst dis cov ered by Abria (1) in 184'L Al thougl-r. t~is phenomt-r;m 

has been l{:nown t o ex i.s t for appr o<x i:natE.ly 120 yea rs , no a.dequa. t e theorv t:x~ 

p laJ.niog t.be str iations has been prnposed t o date. Per haps the r eason t~­

per ime~ts are dif flcult to c orrelate is that all the psramet~rs i~fl~encing 

t !).e str .i.~ t Lou move.'l1ent are no t known and that seemingly ident.i ca.l expEI t!l~t t s 

are a c t ually q11ite d .i..t.te.ren.L Stnce para11:.t>ters 5uc.h as tnbe gf!omeu.y , pu..rlty 

of gas ~ stnKture a nd roa.te:ti.al of the .f i la.me:nts an d shi~lds f-1..11 affect t b .• ;-; 

str 1at:ion v e loc Lty, fr eq uency , 3nd wave l ength ;, i t. is rJOt. S'J. rpn.s.i.Pg t .1-w t_ 'lld.l·V 

c onfl ic.ts occu r in the U.te r atur:e on gas discharges . 

1.2. Characteri.st.ic.s of a Glow Dischar_g£ 

When the gas pre ssur e in a d i sch.arge rube is red uced to less t.hau 6evc.r 11 

centimeters o.f mercury , an app lted vo ltage causes a cur rent to flow t. hrough 

the gas wh.i.ch in t u rn produces a uni.for~ glow throughou t the tube. Tkts F!JC\,\1 

dis~harge as described by von Eng le (2) is a dis c harge in whi.ch the cathod~ 

emi.ts electrons und.e r t he bombardment of parti.cles and 1 i.g ht. quanta f ro;n t.h<· 

gaso 

When a direct cu rrent g l ow di.scha.rge is establi.shed in a lo~1g cyJJ':ldr' f ;L 

tube filled with a rare gas at about one m.illime.ter of. merc u ry , the vit:dtlc. 

light emitted from the discharge is distr i bu ted over the length of the luDf" 

as shown in F i.gure l. The lengths and relat ive li ght i ntens i. r .i es of r ·h.e: 

character is t i.e reg i ons of t he discharge are dependent u pon the tube gt:m!'e tr: y s 

gas pressure , applied voltage, discharge current and t ype of gas pr esent. 

1Q3 Previ ous Theoret ical Work 

There have been many attempts to formulate a. t heory to ex.pla1n the pre·"' 

sence and predict the behav1our of the rr•oving stt iatlons , bu t no s uch the l'r_v 

has yet been elaborate d wh i. c'h. i s c ompletely ill agret=>.~ent wlth tb.e known ex~ 

perimental facts. 

1 
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~ordeev l4)J in an excEll~~t theoretical paper was ~ble tn s~ow that 

whe n therm~1 srattRr o r pa~tic1e velocitiE~ i3 ~on5ldPred i~ ~tP problem of 

t re exr1t~ t ioq qf 1-ngh. and lo~ .f.tequt>ncy pl..:tsrr.a o~l"ill.atio,-, by ·l b;:.;,a.,, of 

c'~-.a.r-gE>d part icles; the stat i0!l a. ry state o ~ the p.~d ~ma and \he bearQ is lJr,:-,ta~lt-. 

He s l:i.owed tha t a p .'. asma ra.rr be exc.i.ted by a low ve 1oclty electron be-am at. t.b.t­

e xPense of the energy of tne e~e2tro~s whic~ must be repiac~d by the e]Pctric 

fteJd. Thus~ tP.e s t fi <- e of r he p ~asma ~..ri<-h ;_,nda!llped hi.gr.-freq·h?ncy plas'Ti.a 

os c i :d ario.'B in a co rtstant e )(_tP :t'1a l [iPld 13 stabJe. Go rdeev went on to 

show that i f r hp e~cj.tar~on of the p.!~ama i~ doPe by ~ n io~ bea ~, thE un­

dampEd l o1~1~f.rE.q u.e n cy o.::.ci .. l.3 ti o r. sJ r be: pba~e velocity of which is .le~5' tho.'l 

the tr~ eo:-ma] ve l oc ity o.f.. t he ions~ a te al::.o .:>tab le. 

Gorde~v ( 5) in a n eatlie r paper postulated that bot h positlve and nega ~ 

tive rnoving str- .i.at.i ons are a d i.rect result of eleclron oscill .atton3. T:te 

pos{Live striations dre a ~ave group initiated by elecLrons cha~~i,tg v~lociLy 

in the anode fall. The negative str i a t io'1s at"e r ef lection3 ot t'-~e. p (•S lti ve 

striations in the negat ive g l ow or at the ca thode . 

Donahue and Di eke ( 6) a.lso believe tha.t osd llat.i.on6 and mavin~ stria= 

ti.ons are almost always present whenever a pos itive column exi.sts 1.n. 1nert 

gases and mercury glow d i s charges, and t he rare cases in which stri~t tons 

ar~ absent should be consider~d the excep tions . They suggest thht moving 

striations have a principal role in su.s tai.ning a glow discharge. The posi= 

tive striations are regions of high positive potential space charge w~ich 

travel toY.1ard the negative glow. The negative str1.ations are the re:s t.clt ot 

a burst of electrons whi.ch were trapped in the negative g l ow but are per~ 

rnitted to escape when t he potential barrie r is loweTed due to the approach!~g 

positive striation. 

Watanable and Ole~on ( 7) show that there can ~xist, in a positive col~n0~ 

traveling waves of ion and electron density. They do not i denr i.fy r hese W:.lvt. 5 

as moving striations. They establish ma~hematical ly the posstbility ot t he&~ 

rnovl.ng density waves ex1.sting in t he posLtive co lu.n:m by u se o[ the diff"-l:3ion 

equations. The equations \\rere linearized by t.he assumption of a sm?.ll per~ 

turbat ion on the steady charge dens1ty with variations of second and higher 

orders neglected. 



Robertson ( P) :3PP l' 0.-1ChP.d th.e rroblerr/ by 8SSU'l1 .li"J.g ti-LH .. ~u spa.ce de 

pe('l de "lc:e c: a n b P. e.}irrdna.te.d 1.n .a ..L nifoPT~ posi.ti.v e colu.11n. I'he con_tln . ..t lt.y 

e q dat:inns th.en as ,S•.iJTi.e t h e tonr,, Y :....: 1; ~ Lj w11.e r e Y. Js the. 'lppropriatE.ly . 
aver aged conce ntrat ion of electrons ~ posit ive ions) or ~etastabl es; ~ is 

its t ime derivative 1 G is the prod .. lc.ti. on rate of th.e compone!lt Y ~ a~1j L . 
i s its l oss r ate. At e quil1 h rium Y. ~ 0 and u pon solving t he equa tions fo: 

the t h ree components of .i.nten~st , ass ·.xmLn.g cons tant curr. e.nt. d E- ns i.ty <111d 

that t he el ec tron mobility i s l~d~ pencteut of the f i eld : he wa s ab l~ to ~Lo~ 

th.at me tast a b :c.=dependent p ~. 1s--nas c an bo:: u.nst:tble '.!.ry der certai.r1 c.onditiC•T\S, 

Had h~ suggests t h at th€se instabil1 tie~ might be the c ause of movLng 

stria t i ons. 

This led hi.m to ~:he invest i ga.ti on of_ tb e c.o.'ltinlity eq•La t.i on.s wi tt1 Z 

dependenc e but r adia l u1rrent s considered st ill part of the Joss t erms. 

By .i.DclucU ng the divE.rgence term i n the c onti.nui.ty equation and ~::snll!Lng 

tha.t y "" y + y e xp ( r t + KZ ) ~ he was ab le to en ( i ve a t a cona LS te rtc y 
0 0 

determinant whi ch v.ras exttemely compl icated. In making fu rther appt0Y~:i.~ 

mations to simpl ify t he equations to be solved~ Robe rtson showed tha t hi& 

result s did not agree wi th t he experimental re sult s reported by Don9hue 

and Dieke ( 9). 

Although Robertson ' s a pproach ba.s many weaknesses , it is i otE'resting 

in that it at tempts to exp l ain the presenc e or properti.e s o f s t":: iati ons as 

due to the properties of the p l asma itself ; whereas other theoretica l papeu, 

study the response of a column to an applied per turbation. 

Yoshimoto, Sato, and Nakao (10) (11) describe an e x per iment. on moving 

striations in an arc discharge ~ and they attempt to expl a.i o. t he phenon1.efl.a 

by a theoretical paper on spac e charge wave s . They visualize a light in-

tensity wave whi ch is the produc t o f the fiel d .intensity wave and the e1ec~ 

tron density wa.ve . It i s assu..rned that the e l.ectron density wave is i ts 

equ i l ibrium value plu s a sinnsoi da l dependence on time ~ a.'ld that t..hF:· f::!ec.= 

tr.ical longitudina l wav e is its equU.ibri.um value plu s a 5i .""msoidal de­

pendenc e on time and pos ition . The product of the two wave.s gave ::~ ~ i.ghl . - ~ - -.inten~d.ty equation : L = L(X) + L A(t) + L B(X, t). The ligh t int en':llty 
0 0 

equation was then d iff erentiated with respect to time to find the ~irue 

when it was at i ts maxirnu.111 value, and the ma.x imu...rn li gh t intensity r ema1 !1Ec•j 

a function of X and t . 

4 



r~ey found thar under cert.ain conditio~s~ tte ma~ima of t h e light in­

tensitY o&cil l at ions appeared neRrlv ~t the same ti~e thro~g~ou t rhe e~t i r e 

positive column, and tl,.ose ph:1.se. d U fet" e nce. s are shown as a per 100 i c:. f unc ti.nn 

of X. According to their the ory , i n s uch a case moving striation& ~ill no r 

appear and the str iations seem to ~ove periodica l ly bac k and forrh a ccordi.ng 

to the X chosen. Un der certain di.fferent renditions, moving striations we 1e 

predicted to appear a l l thE> time and seeme d to follow the results obtaL:ne d 

experimen tally by the sa.Te authors. They cla:i.m that the ass u111pt ion. o.t. a 

li ght intensity wi3ve ej(J? l aLr!s aU the e}<.pe.t.i'T!':·. I'lt:a l resuJ ts ~nd E. .st.::;,h l.ishe>s 

the char ac t eristic prope•ties of the s~ a~dirg &Dd movlng striAtions. 

Pekarek; using a ~ethod of ar~Jfjci.a!ly ind uced transltory proc6ss~B ; 

has produced seve:r.a1 rwr:ab)e th€:: oretical and e.x.pexunent<:~.l pape.rs. St&tt.i.!lg 

with a discharge which is on the edge of spontaneous emerge~c~ of oscll l ~tl nn~ 

and mov ing striations bJ t at the samA time where t~ere is as yet no s sli­

oscillation and where the posit .i ve co lumn ts co:npletely homogeneo.ls~ Pe l-vue~ 

uses an ext e rnal short t e r. m dis t u. rbance ~1h i.e h. df's troys the equiU br i rJ.:n of 

the discharge a nd leads to t he temporary a ppear~~ce of c onsequ~~ttality i D 

all thos e processes "rhich unde r- differen t cond i t i ons ind i.cat e st:d f. ~e l(C Lt aU o.~r ~ 

i.e., t he cur r e nt .ts modulated in such a ffi dllner t hat t he posi.t i Vf' cohu•n gnt:· s 

from a homogeneou s , stable plasma t o one with striations present. The tran~ 

sitory disturbance produc~s waves which Pekarek descdbes as waves of. ::.tr·t~U.~ 

fication. These waves of stratification move from cathode to anode 9nd are 

of twu types . fast and s l ow. 

Based upon h ls experimental observations , Pekarek ( 12) proposes tht: 

existence of two feedback loops which can be responsible for the initiation 

of the two types of waves of s trat ification. He hypothesizes t hat L~e fast 

waves of s tratification are the resul t of dir.ect ioni.zati. on of atoms by 

electrons and the slow waves ate the result of step ·~by = step or cu.mulari..ve 

ionizatioll. The resuJ ts of. hi s e.'ll:peri.TP.ent.s to de t ermine the ln.f h tence of 

external illuminat 1.on on rnov1.ng striat~on.s in a discharge in neon app;;ars 

to support the concept t hat s low waves of stratification are produced with 

the participation of step~wl~e ionization while a fast wave of stratificat1or 

is produced as a result of direct ionizatio~ (1 3). 

5 



Robertson (14), -c1sing irr2d1.t.ion from an ell.t.e.rna.l source of the same 

g3s , observe.d t ra.nsJ.E,D.t damp~d os c i..U at ions .1.:n. t'he tube vol. tage , and he 

i dentifies the se damped oscil l~tlons with t hose report.ed by Pekarek (1?) ~s 

resulting f ro!tl applied vo .l t:;,jge pulses. Robert son demonstrated the. depe.ndenc:e 

of moving str.i.a.t.ions 1Jpon met:ast .;;~b le ~tom<> i:o. the positive col,mn plasma of 

a glow discha.rge by expe .r ime ':l tS Lll alka1 i rne tal vapors ~ wb.i cb. have no meta~ 

stable s tates and no movin g str iations, and by experimeuts in the i nert gases. 

where the metastable pop uJ.o.t.i.on and t he. s t.r ia t.io.n behavior can b~ great 1 y 

changed by t.he te chn ique of ir..rad.~:ltive depopula.t.l.on. 

In a t.he.ory on t f-].e s ucc.e ssi.,Je produe:ti.on o.f moving striat.i.ons i n inert: 

gases the. s t:rat.i..f.lcat.i.on o( t. h.e dis char. ge Ls Lnterp.r:E>ted by Pe.kar ek a.:o rhr.. 

successive production of rtgioos of altar~ately positive 9nd negat i ve spa:e 

charge ( 15). ThesP alternate r egions of apa~e ch~rge represent the macroscop ic 

periodic pol.arizat.ion of t he. p L -lS%:1.. Pekarek a.ss umes re 1 at i.ve. i.ndep.:. 1o.d.ence 

of the chain of pr.ocesse_, in. e. a c:h re.g:i.01:1 of t:'h.e .st.:r- .i.at .i.ons so that t . .o.t.et:~ 

action bet~..reen the regl.ons occurs as a resn1t of t:he elect:r.ic. .£i.t>:ld t.1f the 

space charge in the ne.ighbor:i.ng t eg .i.o.n. 

Pekarek u sed small perturbations in formulati ng t.hls theory and polnts 

out the value of using transient rathe r t han steady state processes. He ~ay~ 

that the use. of t.rans:ient processes pe:r.mi.t.s the determination of l:jve .1n.de. .. 

pendent parameters: the veloc.i.ty of propagation o.( t he wave of. strA.tJ.t:ic ·:l. li!..' (l. 

from cathode to anode ,, the velocity o.f s tri.ations ~ li .. (e time of' t1:w. ot .. l:t 

striation, spatial period of striations, a.nd the ratio of maximum ampl.ltu d.t:::a 

of neighboring striations . Only two independent pa.rameters cdn be de t.erm1n.ed 

for. steady state pt ocesses.. Pekarek also s t.at es that two other .Lmpor t .IHtt 

properties of the transient process with small perturbations are linearJty 

and the fact that only processes occurring in regions of the discharge ~nside 

the positive column have to be considered. 

The theo:r:-et.i cal pr·edi.ct.lo.ns made .ln. this pa.pei' a..re veri.f:i.ed w.tth one 

exception in a l atei repo~t (1 6). He reports that the exc~ption is repr e­

sented by the larger packet widths observed exper:i.mentall y for· the fast· WBVt.:s 

of stratif .i.cation. The reaso.n given for the di..f(er.en.ce between t:he theoret.i.~ 

cal prediction. and the e.x:per .bnental resu.lt.s is the di.f.fere.nce between the 

actual and the theoretical initial conditions. The actual perturbation did 

not correspond t:o the fo.rm of a. Di.ra.c funct:i.oo. 
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As a ~ollow ~p to stRte~e~ts tha~ ~e bgd ~ade earlier wit~ regard to 

feed back loops (i2), FekRr~~ r~~tt~r propo s es th~ t several factors infl~e~~e 

the self-exr. itaU .. on of. lm._, trequert.cy .:) sci!latio~.s. a.'l.d t he prod uc tion of !::!OitiYJg 

striations (17). The. s e f A.c tors are ~ 

l. The te ~dency of t~e p:&sma to st:a~i[ication 3 

2. The length of. th.e posi.ti'le colum'J.., 

3. Proces ses i n the r e g i ons of t~~ eJectrodes, 

4. Th e external =l r cuit. 

Jn t !.-d. s s~:11e pap=:::-:- f'e"'<:areK givE..s E::><P~-'·.l.""Tle.nta.l e"idenc..e t.rJ s upprnt. tlv~~·e 

proposals and con~ !ud F~ tha t the tende~c..y of t. ~e ?l3sma to stiatif1catlon f. 

most ~.mpottant. T"h.e tt.:nden-:y of ~."!:"e col.l~1D to stratify de pends on t~.P typ e-. 

of gas , the pr ess J·re, the '· .t_ r·rn·>t .. , .l:ll:i.d t~E: d.i.arr.~tt?r o£ t he t\1be" 

I t i s a ls 0 i.n t hts p.:1-per that Pe:ka.rP.k r.<"port.s fiD.di.n.g tr.e r.eg lu!! in .<1 

neon dis c.ha.r-g .=.:: witilouL .3e.1f -?.x ci tEd ose:i..U.ar-.io'!s. He used a tub e 0.5.1 C'.!1 

in diamete r·' 60 em l orag vnt "l:i. ~n ind i r ect ca t n.oG.e. . Mei3.surernent6 were mad~ 

i~ the curre2t inte tva l 1.2 ~a to 30 rna and iu t he press ur e interval fro~ 2 

to 10 mm of me rcury . He observed a. n on-st.r.iated g .:l. ow dis cha rge in t~w. prc~."Zs cr-P. 

range from 3.6 to .lO mm of: mer cur y w:i.tb. i:'l. t he cur rent interval 1.2 ro 3.8 ~A... 

Fi gure 2 is a :reproduction from his paper show~ng the area of i.nte :rest. 

In a very r ecent parer Pekace~ (18 ) g i ves an in t e rpr etati.on ot the 

physical natu re of t.he prod uc t ion of striations. l-li.s i nt erpt et.ation i.s bt:tsui 

on the mathemat ical. expression of t he p r oduction of p2riodic- str,~cture tu .:.. 

plasma after an aper \.odic d isturbance. He inclt:.des onJ y three bas !...:. pheEo::nena 

in the mathematical fonnula. tion.~ ( a. ) the de pendence of the ra.t.e 0f ionizat.io:r 

on the electron temperatu re and hencE the electri~ f iEld , (b) the production 

of space charges due to dif f~rent rates of diffusi on of t he electrons and io~s~ 

and (c) the creation of addition~! electr ic fields due to t he c reation of 

spa ce charges. This t~eory , as he points ou t , does not expla1n the ti~a de= 

pendent properties of. Lhte r,ra:vt- of s tr.l3t.i.(ica t. i on nor doe s 1.t so.lve thf-' pr o~ 

b lern of amplif ic-ation. and damping of the wave of strat ification. He says i t- 5 

main value lies .in the determi na tion o:t t he deci sive phys ical processes wJ..ich 

lead t o rnov i.ng s tr iat j ons i fl t he pos i t ive. column of a d1. r ec.t cur t ent d iscr_arg~ 

~nd i n the explanation o f t he b a sic mechanis~ of t he successive produc tion o[ 

striations. 

1 



Figure 2 - Reproduction of Pekarek's pressure verses cur­

rent plot in a neon glew discharge. The hatched area re­

presents the region of self-excited low frequency oscill­

ations. The clear area is the region without oscillations 

in the discharge. The tube diameter fer this experiment 

waa 0.55 em. and the tube length was 60 em. 

8 
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of t'le aq:.ende'1.f>~ of ~~E r~t~ o.!. );HOi'rti(h1 of Lon p3.HS on t he'f".E·':ln k1netj 

energy of t~e elActrons ard ~ \e r ~by ~l&c on t~e i~ tPnsiry of the locdl elec 

' f. 1. (1 Q ) t r l.C l.e .c d. , L . I~~s pape~ is p~inc~pa:!y an e~aboration of results derivPd 

previoasJ.v (H~ ). 

of. t he movi . .Gg St.':ia• tons ~111t r,,~ rr;aG A c~·.irf:. y by I!'!S"i;'lS o.f rot .. e:':h'g 'f.irror"> ~ ~1-

t t'r:.c,ugn Pupp ~21)y wl:o t,as p-\bli"hE:d a. ::erle.a of ~t .. ·P. .ra. ~~ers .. also ,_.~t'- d 8. phct~'~ 

cell H>. c..onj ~nc t.ioP ":Ht <0.. (,a;:-··-~od~ t~) r , be. 

Donahue a nd Dieke ( 6) pJhilshed a pape r dss ~ r ihing a survey of tl~ pro= 

perities o£ mov.Lng striat.i.o~s. Thei r investigat.~.on~. of. the lig !".L J.~~e!'~ity 

of the striat i ons '~ere made by a. phot oe lect r ic me t h od s1.mi.lar to tt...!.!t of P-.??'~ 

with the except i on t haL t~ey used the t~be voltage o s cillations to ~y~cro~!'~ 

the os c:i.ll osc.ope sweep a-:.d t.h.ey u sed only one photocnu.!. t iplier. I>onah~e: .a:2& 

Dieke felt that they "rere able to detect 0n t hE p.hoto!!!ulti.:;.-lier r1.egaL i.vt­

str iations moving from the ca.t~odP. to tt.e a.'lode. 

Zaitsev (22 ) des l.": r.l.bed an e~per.ime~"\ t using ne on, neon and a.r gon. 9 ~..,,d 

air in t u bes 80 em l on g 1111ith d!.f.fer e nt d i ameters. He was ab le to produce 

moving str ia tions with a magne t and he s omet:i:mes observed neg,:;.t ive str.i:it~o~s . 

Zait:sev (23) i n a 1Rt.er. paper;.; desc.r i.bed an e xped.::!!tnt using p .:.n-e ne0n 

in a cold cath ode t ube. of Ul?''-bli shed leng th. He r eported scei.CJ;g tyll!'o 0 s·~ 

cilla.tions o f differt:D l .t:r:equcncie s i !!: t h E: di s cr~a. ":ge t~~be ·.rh.Jch <l.fpeB . .ted. t..o 

produce be a ts under nar.ur a. l conC.it.1ons of d.ischar g e without t he a c U .oa oi: al~ 

exter nal force. Be a.l.so no t E.d a .~.ys te.r.c::sJ.:; effec t 1.'1. en. t e.r 1.n~ and ! e.aving 

th.e a iJt o OBctllatioa ·,r.ode: . lrt.i.t5t:V .states 9 towa.1'. il th~.: end of his r ep.u.rt, 

tha. t there is a. close connt:::c t1.o:.'1 b e.t_ween U·_~;: sta tionary and rnov.liJg :3td ation.s 

in a dis cha r g e ; and he was ab l~ t o conclud~ t hat a di.acharge with ~oviDg 

str iations is o£: ~ foun, i n tc..rmed i.ate be tween stab l y Jniform a n d st.ab ly 

striatre:d dis(;.har:ge.s a nd. ma y make a. t r a nsition t.o etthE. r- of Lhese stable ~onn.;. 



mm of p:::ess,~~ r~=:: _ f..OuPd t_\-,_.;r :T::e ·-"'="1 J~ .. ";:y o f "i:;.~::· nhTdng st..riau .. o::-rs (.0,.1.Jd bs 

c':w:n.ged -o"• E.i.1Erab1Y by a,•· rl"~-~ thE. a·:wdc:·~r:.MJlod<= :1is~a"1C:eo Ih-: (teq_<Sncy 

appeared to bE' a ro .~ghlv ft::.Y:i.">d_. f. '1cnn., o• t ~-,_p .:'ID.c rle ~ci! t h.ode ti !.stf.._f'ce~ 

C011l ter (2 5) In a .·e"'.:-.· rs-::er··.t p?P<:!• dc=--::ri.be1. ~:"\ e"per.<..::r.enr-: usi.'lg p'"'r<:: 

neon i,n a t .... ~''=' 2.5 CP' i.rr. J.I-:vn.f:tE .,. and 108 . ..., lo"Ag. "..Se reported t he s;'li!.~l.·:g 

of the norm.;t ] strlatio,··.,; ·~ .. r_).ey a;;:mrPd·:-ht>:d the far'lcL?.y dark 3p<tce tro'-'11 t foe 

anode. T'1ts h,.ii'l·: . .':.:.ng 0'C r-:e.d lT1 s .. r1 .3: '•'::<) 3, t o ~n,,..,K,.::c. :it. a:cpear c~.at a 

I his disr~rba~c~ 3Ppa~en tly LS local1z~d &t 

the; .t.ead of t :'l.t rosi tiv f'- co} __ ,.,~ lt .l.JI•!":r f!'eastl..re=-J .a1.n cc..r .. b~ obs~rved 

so:'Ile,~·hat f ·u:: t·ne -: towar:l.~ tr,c. '::r ~WdE- <1.t ib igh2:r prf:SS:!Hes. 

C 1 A ' E 1 ·'., 6 "~~ "' O"' ... du·.~ .-•. ""d an ... "-ll_:,''·e·r'"'.ent '''·'~lr-_ a ~ OJ .. t~r 3 T'fl'JS t t 00 g ~ t.JJ111 -~:r-e. E:dc s '- J ..._ ·" - _,. - "' - .!" .LC.J '"' ~~-c. ~ a 

tube '"'ith two differe::.t l.: ·t:l.d1i. I~cEY r.Je.r.:• able to eonc..lude t!-l.<~.r mo,1t11g 

s triations can originat e at oscillating Hnode sp0t& o Fow~vPr, tl£y did ~ot 

show that anode spots a r e '1eces&atv f o.r. th.e exist_"Snce -.1f :Y~.ovi.ng s t.r I at ions. 

Rodemacher a nd Wojoc zE. k 1,2-:':i -r,,avc. de.::H. ~1bed a s erie. s o( e.xpe""im<::"1ts .on 

s tr i a tions in c.ross~shaped d iseha.r ge t ubes at.. lcY.M pres::.o rcs t'l a.rgo~1o They 

reported tha.t it w<J.s l!npo:Ss~.bje for l~P:~ t o eliPdnate moving str1ali02:> IJoi'l-•.i-':L 

n a turally pre sent, and t.h.ey e:onc lude.d thn.t .1-')er naps t.~.e presence of: mov u~g 

s tr iations is necessaty for the exist.ence ot t he l ong positive column in an 

argon d i s charge in a ceitd1~ ~ange of cur re~t a nd pressure. l~ the hi gh cur~ 

ren t reg ion~ Rodemache:r an.d ~Tojo·::- zek agree \Jit!-:". PeL-t.are"~<~ (17) th.a.t. c athnde. 

disturbances spread into t.he a i s charge more easily than aPode d~~t ~rbsnL69. 

Co oper {28 ) has de.!>cr i.bed in det.a.ll e1 ~:1lr.it11.1de of e::qer I~T.ents '>~~'1 I~.:h 

wer e done by him in a:o. d.U.empt co de ten~ine t he ori.g i.n of. movt:rg s t r 1"tL lf•""3 

f.l nd t he li.miLing cr.iteri.a for their existence. No attempt ~dll be Jrvr.de to 

lower. crit.l..Gal CltiT8nt for. c~~o~;in.g sa tlations -wtll 1e discuasF::d 8.3 :~ t i.s 

part icularly p~rtinent to this report. 

Cooper states that t~~ lower cu~re~t Jimi t for the e~lst~n~e ot strlat ions 

was studied only for one se~ of oper&ti~g conditions in a cold cathode dis­

charge ·J.Sing a t.u be o.t. d i A.."'A-ts.r 2 .) c,_n a~1d 1eng t i-L 20 c..m f.U.lE:d with ,H~on .a.t 

1 2 mm of Hg . He fou11d n0 l ow fr equelJ.CY f hu: tuat..f ons in t he light ·_ntensi t.v 



for a curre~t oader lG ma~ and t0tating mitre~ p~o~ograp~s !ndicated that 

s t riaUor,s had been eli:rrir:.at:.ed, :rron incr<:>. as:i~g the c·•J; rrent ~ he. found -40 

i.n t ermedta. t e regia:-,. fr.n!!! l4 .lUi to 38 'TLOI \<rb.ere stri.at tons occurred at ir= 

regu l ar i nterv~ls. Uron furt~er i~creasing the carrent above 38 rna, he 

report s r e gu la r 3Ltl.a t io'l.s 1.'1 the e::,tirP co::..:.:.•nn. 

Cooper is H~luc tant to con<:":lttd~ ::mvt 1:1 1 .. 'l.g on the ba.si s oi one set of 

operating e:ond :i t io 'l s ~ b ut stc-ltA& tha.t. it apps1:1r:= th.at .as t ube (:urn=-n t 1s 

i.nc~eased f .ro~ lmv va:~ ues.9 su ·~ at i ons appen p!"agre:ssivel.Y fro:n th~ :.;~ . .node 

~nd o f: t.h.e p0sit i.1re r:o]u.J,..:. 
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2. EXPERfJ;.ENTAL PROCE.m ·RRS A.ND EQPI.PME~T 

.2.1 .va~~te,~~ 

A scbemat :i c d.i.agr:a.m of the v.qcn.1..:n syste~n is sh.0wn in Figure 3. The 

system was desi.gned by A . lll" Coop·E r a11r:i .i. s • l:le sa:ne type -c sed by him. i!1 

e arl ier moving st.:ci.at.i.o'J. i.nvesLtgations. Th<s f .:trt.f.cul.ar· syst.ero of.f er.s 

c ons i.der.able fJe:Y.ibi. l.i t.y a.r.d u ~::ar:·i · i ry ~i.nce. t ube c":.<:~ n.ges can be .rrt.3de 

r.:Ipi.d!.y a.r,. d t tt.bes of rfi.ffo:eot .lP.ngt :~~-" a11.d d..i.a:-r~eters car> b e a. :::.com.:nodat ed. 

2. 2. :v a.c~I~~~:!:_:!_que~ 

The. s ys tem '-''as E''la.t::":ea.ted by a. t:"' o~st.age oL1 d1.0:usi.o.c pu.'Tlr 3od a fore 

pu~p. The pu:.rnp s i n (0~1J• ... f'Jt.ion "~.V i.t h v .. e li. q u1.c'. n·.i.t r:ogen t r:3 p s We!t:= c~pab}e 

of br ing ing the va C'uum ::>y ·stem dovrn to pt <:: ssu re .c: ot ripprox.i.mately 10-
1 

xm>:J 

of me:r c-J.r:y. High vactrl!l'1 .rnea.s ure:r;e.nts '1:.\'e.re ~a.de '.r.i th. & ConsoJ i.dat. erl E:le: c:r.ro~ 

dynamics Corpora.ti.on lon.i..zation Gac.ge 9 tvp~ GlC~·!lO T .. rith a. VG1 A. sensing lube. . 

Pressures i.n tr.e mil 1 imete r r a:~ ge we:re. ~neas\.11: ed usi.n.g a mano:rne ter f .d. led wiL:r 

Octoil-S diffus i on pu~p oi] . 

Severa l steps were taken to i~s ute thdt a ~igh purity discharge waR in-

. 4 0 vestigated. The dischar ge t u be was baked at a temperature of 00 C for ap-

proximately t"'relve to twent y~fou:r h01,;.r s .i.n a. portab le. 9 thermos ta.ticall y con~ 

trolled oven. The metal s u rfaces wit:'J.i.n the discharge t ube were dega.ssed 

using an indue tion hea.ter man11factur ed by the Scienti ( ic Elec: trJ..c Comp:1ny. 

The filamen ts w12.re cleaned by resist:i.ve heating. In t he t.erm.ina.l. phase ol 

the purification process the discharge tube was fille d w.ith argon 9 U1e di.s~ 

ch.at"ge was ignited, and then the tube \\'as s.l m·Ily evacuated until the dis~ 

charge was ext i ngu ished. This ~tep was r epea t e d several times. 

2. 3 Discharge Tube and Elect .~ ode Co of .igura t ion 

The d.i.scb.a:rge tube was c:on<;tr<..~cte.d iocd.1.:.Cy i.n the tr-.:tbe laboratm:y by 

John Calder , the Postgraduate School c:~a,.,s Blower. the electrode: asseF.b}y 

was constructed by Robert Moeller, the phys1cs department machine shop 

operator and was patterned after the electrodes first discussed and de-

t t d . 11 b p ?0) 1 ' . h . ' d f 'll mons ra e exper 1.ment.a. y y u.pp ~-.... to e .l.!fll.nate t e pos1.t1 ve. a.no e .. a 

and the associated oscillatj.ons. An al l me t al Alpert type va lve capable of 

bake out was u sed to isolate t he di.seharge t.ube tro:n the rest of t he vacuum 

system. 

12. 
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Figure 4. f h is p~rr icu~ ~~ elec t rode des i gn w~s u ti lized i n orde r to b e 

able to operate either e ~d as ~ ~P8tsd r~ t ~ode or R ~ p~ anode . 

2.4 Electronic Cir ct it . ·---· 
A sc.t.eroa.ric di.~gra .. n o f t.ht: ~.:.I. r ctJ..f. t ~_.~sed i ss s~.m-1 "! i n Figu re. .5. The: htgt. 

voltage power s•1pp .lv w·a~, a Kepe.~o ~ode l l 250?, 'k 1. r.h a ra~,ge 0~50Q mi ll.:. :t;:'lp:S 

768, ·700 o!-1-':ns o A va.d.ab J e c.:t.p-::z ~ i.t:: or and a.n. L>.du~ ror J ~._rtd.c.b. at·fO not -:.!~•"'...rn. L:. 

the scl:.e.rnatic d l :ig:r.li..m.~ 'W'e re iF'~d i.n the cir.cc:.t at va1: J ou s ti:7',eS. 'J:."Le c a~ 

pacitor, connected in paralle l ~i th t~e dis charge t~be 1 ~as Lsed i~ ap at~ 

tempt t. o s t.a.bil i. z e: ~ .he di.s cb.ar g e ~ a.!ld \:.rte i.r,.~duc tn~, c. on.f~ec te.d .i. n. Be t :te~ ~ 

with the dis charge t ubE:, ";3.s u.sed to det.e-r.1'1.i.r.t.e t. r .e. ef fe c ts of. a.r; i.:"!.d"..L :-·.t ait.ce 

on the str.iat:i.on para.~eten- a1.d the g ene::r:a.t:ion of strea~:s. fhe· 3t.re:6t;,-?~ a 

sporadic set of d1.s t.urbances ~l:.i.. ch aprear ed t o n:ove. trom c .3 t'hode t.o 3Lode:, 

will be described in. dets..i.l l.P, another ser:t.ion. of this pape·.r. 

When it was necessaty to operate a n a~xlliary disctarge for d P~pp 

anode:, a Sorensen. Model 1000~88 Nobatron. ~>Tith a range 0 ~ 750 m.il l i . .a.rr.!pc.. 3.'i.d 

0-1200 volts was u sed for the power su.pply, A Kepco Model KM. 236~15A '"'! t h 

a range 0··15 amp s and 0~50 vo l t-:; was used to heat the fi.la.ments i.h p!l.3.~e ~ 

of the investigation requiring ~ h eated c athode. 

2 • .5 Mea.sur·ing Equi pment 

A photograph of the experimenta l set-up i.s s hown in Figure 6. T !1.tc 

discharge paramet.er s of interest were mea.sl.!red with a milliamfTI.et.er ~ v o lt ­

rneter, oscil l oscope a nd r ot.at ing mirror. The Weston 622 amme.te r of.i:e.- el1. 

the advantage of be ing ab le to measure currents varyi.ng from 0 t.o l OGQ 

milliamps wit hou t having to iotertuft: the electrical circui.t to dL!in gE. s ~ al~s. 

An RCA WV ~98B vac.l 'um t ubs volt!!'.eter was used to :r.e.asure discJ:•.a.rgE. to.be po­

tent ial. A Tekrrord.x Model E)51A Du 'il Bea!"l Os c .illos cope in. conj u n c- t.io"l wlU~. 

two phot ornult iplier· s ( RCA 1P21 ) was used to measure th.e amplit ude and wa •JG­

length of moving s t riat ions when the dis~harge wa s stab le. Th e freqJ~~cy 

of t h e str j a tions for a stable tt1scharge was mea s ured using a Hewlett -P~c~ard 

Model 521 electronic counter. When t~e disc~arge was not stablE: , th~ ro­

tating mirror was u s ed for velocity and wa~e]ergth Teasu rernents. A photo­

graph of the ro t a r ing mir r.o.r. and a.ssoc.ia ted ca.!"le ra eq.J.i. p11.e1'1.t i s shown i:n. 
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____ f . ~· ~ . ; . 

Figure 6 - General view of the eperating ayatea aDd acceaaeriea 

A. Retating llirr.r and camera H. Amaeter 

B. Retating mirrer RPM ceUDter I. Veltlleter 

c. Pupp anede pever supply J. Discharge tube ( anede end.) 

D. Bet cathede pever supply K. Phetemultiplier pever aupply 

E. Striatien frequency ceunter L. Main discharge pever supply 

F. Cathede Phetemultiplier and external reaistaace baDk 

G. Oscillescepe and caaera M. E:rteru.l reaiatance bank II 2 
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Figure 7. Ihe: .1n1.rror ~.vh.i. ch h'9<s d.t.meo.si.ons. ~" x 6" x .P ' :i s er.a.de of stainles':> 

steel. One s urface o( the mirror is pol\shed and is co~ted with a th1n fil~ 

of alu.m.tnom" The mi.rror ca.n be dr i ve.'1. c..t .:my speed vary i ng from 0 to 9 2.50 

revolutions per mJPu te " 

2. 6 Wav~leng_~~-MeasVT§;'E_~~~.~ 

The \\1-'ivelcngt.h of the mov1.ng st.d.ati.oDl) -vra.s measured by two d :i. ffer ent 

methods when posb i.b l?. When the d1.sch.a.rg~ '~as stable~~ it was -posslble to 

zr.easnr e: t:he wavelength J-8.l .. r1.g ttvo ph'-1t omr·.1 .. tp.t i.f;T s, o'J.e. ?.t a f i.x.ed pos lti on 

.along r.he disd.a:r ge tube a ild tl:\ o;;. \"'the; rr:ovea.b l e par.a.l! e l to the. t ube. the 

sweep was t.r iggered ei.the:r f' Xt.~rnalJ y by the: vol r . .agf." osc:i.llati on o:t the dis = 

c.haxge t.ube or 1.n.ter·o.;3.L\.y by o.nE- o f the. t.\\'O photoroul t tpll.er s wb.:ich.e;ver gave 

the smoothe~ t trac. e~ . Tne out.p .;,r t of. t he phot.o~u1ti:p 1.i E:r s was di.spJ.ayed 0:::1 

the d~lal beam oscilloscope . wt~er~ th.e t•A"(.) pho t om.d t:i.pJ.ier s 8.1:' e sepa.r. d. ted t..y 

an integral number. of l'\l'-3.ve l ength s along the d.Lsc.ha.rge tube~ tb.e two outp<H 

traces appear ing on t~e osLillasc ope are i~ phase. As the mobile pho to­

multiplier is moved t he traces on the o& c l }loscope go ou t of phase &fid d0 

not return to an i.n phas e di.splay unt.U t.he ~ob.i.le phot.omul t.ip l. ie.:r .ha.::' t.ra. ­

ve1ed a wavelength al on.g t.he dls-;~harge t ube. . By mount .ing the mobile: ptotft­

mu lt.f.pller on a t .r. ack wl t.h a cen t.:i.mete.:r s cale it 1 s pos.s i.ble to mea.sur.! e t.h P 

moving stri.ation w·a.velength. directly. 

When the discharge was not. stable and also as a check on photmraulr:p11t:.:r 

measuremen ts de.scr :i.bed above f or a stab l e discharge , r·otati..ng mi.r ror pr~oto .. 

graphs were analyzed to det:errni.ne the "'avelengths of the moving str.i..'lti on.s. . 

Figure 8, whi. ch i.s a t·otati.ng mir.:tor phot.ograph~ il lustrates how th.~ movi.,.,.g 

striation wavelength was measured. The dark lines across the face of the 

photograph are ca.li.b:ration md.rks on t..he d.i.sc':lar ge t ube \llb..i.c.h ar-e· a k.no •Mn 

di.s ta.nce apart. J.n the photograph time increases upward and a hor i. zon.t ;;:,J 1 i.J..'"l~ 

drawn through the .. photograph. :\.nd!.ca.te~ tl:lt>: con.d iti.ons in t h.e. d .isi;th.:Jtgf" at .?.r•.y 

partic:ular t:lme. 

2.7 Frequency Measurement~ 

The fre.quency of the~ ·::novl.ng s tr ~a.t t ons ~~ae detet:m.ine.d i.n two ways. lt 

could be measured directly for a stable dls c'! .. :.n:ge: by havi.ng t.he photoi:l.rult ip l i.e.t 

out put trigger a. frequency counter" For a.n un.s table d 1 s cb.arge l t was 



Figure 7 - Rotating mirrer and mounted camera assembliee 

The rotating mirrer assembly includes: 

a. Electric motor - Marathon Electric, Med. VE. 

b. Graham variable speed transmission - 3450 RPM 

input; 0 te 9250 RPM eutput. 

c. Mirror - 4" X 6" X 1" solid stainless steel with 

evaporated aluminum on polished surface. 

The camera assembly includes: 

a. Fairchild (manually operated) shutter type K-38 

b. Aut~ Topcer 1:18 lens 

c. Polaroid land camera back type 2620 
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c ·~ 
6 va elengt 

Figure 8 - Retating mirrer Phetegraph illustrating the 

methed ef analysis. The distance between the twe heavy 

black vertical lines is 40 era. and represents 6 wavelengths . 

The angle between the heriz•ntal line and the striatien is 

2le. Fer a mirrer retatienal speed of 252 RPM and a tube 

te mirrer distance ef 78 em., this angle represents a 

striatien velecity ef 107 meters/sec. The frequency 

then is 1605 sec71 

20 



""7~-rCH U S l1AVY PHOTOGRAPH 
W FOR PUSL TCATION 

, , - l'~r C' ,nriL 1 ' = r,,...,ASED 



necessary to calcu.late t he. frequency from knowledge of the velocity and 

wavelength of the ~oving ~triat!nns u~ing the relation . v ~ A V where v 

is the ve locity, A is wave. le.ngth b.nd V is frequency. As desc.rihed pre.­

viou$ly it was necessary to analyze rotating mirror photographs to measure 

the moving striation l.Mave length .for an uns table discharge. From these s~ne. 

photogr a.phs the velocity C-3.!1 be deter:r.ined. 

2.8 Velocity Measu~ements 

For. a. Stdble: di.sch "lrge the ve.l oci.t.y \4138 dete.r!ldned from tr..e r -:-oduct 

of frequency and w·avelength. For lhe unstribl e discharge t!"Ae vel oc lt.y was 

calculated fro ,11 rotat tng !llin:or photographs using the followJ ng s chen.1e: 

(1) ax - v t 
s 

(2) b.y - 2Ru.>t 

(3) M. tan Q 2Ru> 
"' -/lX. v 

s 

(4) v -·~ 2Rw cot Q 
s 

R ::: tube to mirror distance (55 c.m for all photographs analyzed) 
2nN w - 2n (revolutions per second) = 
60 

sec 

Striation velocity ~ 11.5 N cot Q em 
se.c 

A c omparison of the values of velocity determined by the di.ff ere11t 

methods described indicate. reasonable agreement. The percentage d.i.ft!:-.ren< 1: 

generally was less than ten percent. 
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3. OBSERVATIO~S 

3" 1 B~c:kground 

T!"!.is i.nvest.i.gaU.O.'l was initially unde.rtaken to gain more know.J.edge 

abou t the lo~~r transitional reg i on be twe e ~ ~ steady non~stiiated gas 

discharge and a gas discharge ~1th f ully developed moving striations. As 

d b P "! • ~ ., 7) . . . ).. l ( i d ~ •' l report~ y e.Karek ~.J .l.t l.S poss1L· .L e O! a norJ,·~ str ate pos tt.1.ve: cc umn. 

to exist in a gas di s char ge at l ow currents and pressures. Figu re 2 is a 

reproduction of FeKare. ::( ·; s exr,er.l.->r~en t -:~.1 obs ~.rv.•3J:ion. ~ at lm.-/ cu r. r.f::nt 5 .:;,r.d. 

pressures in a ne on glow d i sc~atge. The lir5t phase of this investigation 

was oriented to~Ja,r d f i ndin.g simi..l a:r .results for an argon d iscb.ar.ge.. lt 

was thought that a u on-strlated region ~o~ld exist at the lower c~rrentd 

an.d pressures for this parti.cular t u be s:i.IJ.c e. previous studies per formed by 

Cooper (28) u s ing a. t. 1J.be. which ¥7a~ sirni1a.r i.nd.icated the existence ot s-uch. 

a. region. 

Once this lower non~std.a ted regioll was found, a study w.3s to be. rra-~de 

to determine what \Afou ld ha.ppen in t he gas di.sc.harge when th~ 01.rtent "" ~'ls 

rapidly changed from values where there wer e. no stria.tions to v8lu.e::: \vh.f:re­

striati.ons should exist. A current. plJ.l.set ~ i.ncorporati.ng a. power· pe "'l. t <'de 

and designed by Cooper , was to be utilized. The current pu lsing was !o be 

done under conditions of constant pressure. The equivalent circ~it fot the 

electrical circuit ~dt.h the pulser incorporated is sho"'m in. Figure 9. The 

multivibrator of the pulser is represented as a switch, and the power pen[ode 

is shown as a variable impedance. The resistors, R.1 and R2, are vari..sbl~ 

resistors in the external circuit. 

The criter i.a es tabli.shed fo:r.:· detenn1ni.r~g the ex1 st ence of a n.on~a t rla tcri 

positive co lumn were that no potential nor light intensity fl uctuations 

across the discharge t ube should be seen on the oscilloscope and no s tri~t ion~ 

should be seen on the rotating mirror. 

Pressures va.r yi.n.g f.rom about. 200 mJ c r.ous of mercury to 11 rmn. of m~ . .r-~ury, 

and currents varying from 25 rna dm.vn to 0. 13 rna were i.nves t i.gat ed" I be .re~ 

gi.on de set ibed wa.s inves t i.gatf;d u. si.ng both ho t and col d cathodes ,:; .i.the r with 

or without a Pupp anode. The Pupp anode was modified to~erate at high volt­

ages and low cu:rrents. The technique of ope:r.ating t.'1.e a.u.xJ.lia.t:y di.scht:~.:r g e ;u. 

hlgh voltages and low curreo.t.s was developed by Ha bermehl and Hughes (.10). 
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E:.JUIVAL.ENT CIH.CUIT \·:ITH CUHR im PULJER 

Figure 9 

23 



DiJ. ri:o g t f:'.: e: c ourse o t. t .hP i.r.v e:o sUg~H ion a:l .~ a tt Ef".O~. s to Bdneve t b£ non 

str~ated pat te r n ~ere U"~UClPs s f 1. P l t~ough i t was po s s ibl e to ob t~ io co0· 

df tJ o~s s o stable t~~~ llght i~ru~Q tt y 03 r i ll ~t ion s indi c a t ive of mo v L1 g 

striations could T\ O t be d ece-ct. E::d by t•'1.e pho t o!t!u1ti p l i e rs ~ movin~ st r i .a t Jcqs 

were a l ways dete~t~b l ~ w i.t~ t~e rotaring mirr o- ~ alt hoJ gh i n som~ CdSPs it 

"ras necessary to grear l y .tncr: ease us ro t a t.i.ona ] ftEO:q 'Iency o 

the regions ot p ~e s 3ur e 9~d c~~!en r t nve s ~igated , Lhe i~vestigar1on ber ame 

poin ted toward a ~\I t.~er s r ~dy 0f so~e in t ~t~ 5 ting phenomena t hat ~ad been 

observ~:d edr lJe r i.n. t2~e f:'Yp E: t..trr.:-:::~ ~ o Ir h a d be e-n prev ~ous ly obse rv'::'d ~hat 

tain r a nges of f·re s B·.H€ o "'" a (." r (en t c· w ·-l.ve s ~ whi.c"h· sha.!l be re f er r ed to :=t s 

strea!.\.s ~ we re det.e c t.ed th at s ~e'!:EJJ t o b e: movi'!.g fr o!ll the c.athod t> to ti-.,c. 

mi rro.c phot ographs , t.' OU] d no t be de ( l. n.e a wi t:h a phoromu l t i p l i e. r " As ~ e. en 

in a rota ting mirror photogr aph the str Eaks appea r to i n t e rac t w1 ~h t he nor­

mal str iations, slowu1g t hEm down or ~ .in some c ases ., a.c t u a ll y stoppi ng t he:'n 

for a finite period of t i me . 

An other pheno:nenon i.\rh.i c~ \\ras p r uba bly .s :iT. il ar to t hat obse r ved e o.r l LPi. 

by Zaitsev (23) was det ec ted at pr.ess lJ. r ~ s below ~bout L 3 m!rl of rLP .tc. ryo 

At. certain currents in t l:l.is low pre ss u.re .r. eg.i on t"'o distinct) de ( n:~ ab le 5 L ! Y 

at i on patterns moving fro~ anode to cathode were detectab l e . Both ot t hes t 

pattern s could be de tected both tn rotating mi rr or photog raphs and ptoto= 

mul tiplier t races. 

Some other interestlng phen ome na were a l s o obse rved i n the cou rge of 

this inves t~gation. It i s the pu rpose of this ~ eport to des cribe t ~ese . 

as well as others mentioned ear l ier ~ \lflth t he photographs and plots found 01~ 

the follo\lring pages o 

3o2 Pl:e:ss ure vers us Cu"t r.en. t Plot 
. ~----·----· 

In an attempt t o iac.i.lltate the desc:upr.ion of the various phenomena 

observed, the pressure vethU& c urrent pl ot s~o~n as FigLre 10 has been di­

vided into four regions. Although the actual reg ion boundaries a~e not as 

definit e as depicted, r.hey .~re not arbitrary ; bu t are based on the observed 

striat ion patte rns" All the meas urements were taken while steadily de c reasing 



25 



t:he current fro.l'rJ 2 5 :<112 to t ube cu.to(f +o t-. .ltminate any :':lystersi..s effect such 

as t hat repor ted by Za itsev ( 23) and Oleson and Found ( 31). 

In region 1 ot F.igure W is fou.nd th.e TJ orm.a l rnovi.a g str Lat:.ion pattero .. 

The str i at ions move from anode to ca thode; they a re stable; and t heir velocity~ 

frequen cy) and W-3.velength '3te E~asily c!e.termi.n.ab l e. A photogra.rh of the ro= 

t9.t ing rnir r.or and a ph.oto~raph o f a ?hotomul t. i.plier oJ tput tra.ce wh .i.c h are 

typical for t :1is reg ionJ a.r e sl:".ol.m in Fig ures 11 and 1 2 . It sll.ou] d be poJntcd 

ou t here that in all rotati~g mir ror phoLographs the cathode i s at the right 

and ti~e 1ncreases J pward. 

As the c•irrent is r educed slightly, t he conditi o~s in t he dis charge tub~ 

a r e alte red so as to move Lnto reg ion II ot Figure 10, and a new regime i s 

encountered. F igures 1 3~ 1~ , .1.5~ ard 16 ::;how a series of photogra.phs whi:::·h 

i llustrate t he changes in t he movj.ng st cia~ion patt~rn as a transitfoq i s 

made f r om region 1 in t o Teg ion ll of Fig~Te 10. The previously sttajght 

and par allel l.i.ne s representative of moving s t. r1ati.on6 i"'l t he rotattng mirror , 

a re a ltered , indicat i ng aome nel,.r inst-=i.bl l.ity e"l(_i sts in the d 1.scharge. '.th2 

os cilloscope tra ce of t he pho to'Tiul tipli.er output is no longe r s~eady ~ <111d 

i t i s found impossible to obtain th.e: s ingle ~ continuou s line trace c:hH.ac·· 

teri s tic of reg i on 1. As f urther penetration i s made into region II~ t he 

ef fe ct of the jnstab j lity in t he dischar ge. i s seen to grow. 

It is here in region II t ha c t he s t r eaks which were ment1oned earlter 

are s een. These streaks ~ which are qui te ev i dent in Figure l l~ seern to 

indica te the movement of some disturbance fr om the cathode toward the anode 

of the discharge tube . Since time increases upward s a nd a hor izontal line 

drawn through a rota ting mirror photograph fndicates the conditions i..n the 

d i s charge at a particular time, it is Eeen that this disturbance moving .from 

t he cathode t o t he anode slows t h.e norma .. L striations down whenever they meet. 

At t ime s t he r otating mi rror photographs seem to indi ca t e that the inter ~ 

action time, between f he normal striations and t he streaks , lengthens suf­

fici en t ly f or sta.nd1.ng striationf: to form ~ and standing stria.tion.s a:r:E: some~ 

t i mes s een under these circumst.<lnces. l E the slope of the streaks is inter ~ 

preted as r epre senting a velocity, an analysis o£ over 400 rotat ing mirror 

photogra.phs, ha s revealed tha t streak velocity vari.es from almost zero to 

an almos t infinite veloci ty. 

1.6 



Figure 11 - Typical striatien pattern fer regien I. Retating 

mirror photegraphs at discharge current 19.8 ma in argea at 

pressure 9. 7 l1lll Hg. Mirrer epeed was set at 480 RPM. 

Figure 12 - Typical light intensity waveferms in regien I. 

Discharge current 19.8 ma, pressure 9. 7 mm He· in argen, 

time base 0.5 ~ec/cm, frequency 1732 eec71 , waTelength 

4.73 em. The upper trace corresponds to the anede phete­

multiplier. 
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Region I 

Curre:at = 20 ma 

Regioa II 

Current = 17.5 ma 

Figure 13 - Typical striation patterns fer regiens I and 

II. Rotating mirrer photegraphs at pressure 10.8 mm Hg. 

of argon, mirror rotattional speed 480 RPM. Region I 

curreat was 20 ma and region II current was 17.5 ma. 
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Regiea I 

ANODE 

CATHODE 

i = 20.0 1118. 

Regiea II 

ANODE 

CATHODE 

i = 17.5 1118. 

Figure 14 -Typical light intensity waveferas in recieas I 

and II. Pressure 10.8 - Hg. in arpn, tiae base 0.5 atJec/CJA, 

amplifier scale fer beth sweeps set at 0.5 ~lte/cm. The 

sweep was triggered b,y the veltage escillatiene ef the dis-

chart;e tube fer beth phete&r&phs. 

. -1 
Re~en I - curreat 20.0 aa, frequency 1824 sec waTe-

lellgth 4.63 Clle 

Region II - current 17.5 ma, frequency and. wavelencth 

indetermiaable. 
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Regie• I 

Current = 24.5 ma 

Region II 

Current = 22.0 ma 

Figure 15 - Typical striatien patterns for regions I and II. Retating 

mirror photograph at pressure 7.25 mm li4i• of ar~n, mirror speed 480 RPM. 

Regicm I current wa:! 24.5 ma and region II current was 22.0 ma. Nete 

the striations in region I starting to widen, indicating this pres:!ure 

and current lie close to the boundary of the twe regieDS. The expe­

sure time was one second, so each photograph represents 8 mirror re­

vclunens; but the pattern was very steady, and the appearance in the 

phetograph is the same as seen with the naked eye. 
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Regien I 

ANODE 

CATHODE 

i = 24.5 aa 

Regiea II 

ANODE 

CATHODE 

i = 22.0 II& 

Ficure 16 - Typical light intensity waveferM in regi.e:a I 

and II. Pressure 7.25 llll Hg. in argen, tiae base 0.5 msec/ca, 

aaplifier scale fer beth sweeps ~et at 0.5 mvolte/cm. !he 

sweep vas tric~ered internally by the cathede phetoEUltiplier. 

-1 Regiea I - current 24.5 ma, frequency 1402 ~ec , wavelength 

5.30 .ca. Nete the trace fer the uede is startillc 

to split iRdicatinc this pressure and current lie 

cleee te the beund.ary ef the two regieD8. Thi~ 

ceuld be due te anede spets. 

Regiea II - curreat 22.0 aa, frequency and wavelell€th are 

indeterminable. 
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p = 11.3 mm H~. 

i :: 14.2 ma 

p = 10.6 DlDl II&'· 

i :: 12.3 ma 

Notice the apparent 

branchinc ef strealas 

p = 9.48 mm Hg. 

i = 5.0 ma 

Figure 17 - Typical patterns for region II. Rotating mirror 

photographs at varioue currents and pressures in argon. Mirrer 

speed was set at 262 RPM. Nete the change in the striation 

velocity as it interacts with the streaks. Note the streaks 

seem to be unaffected by the interaction. 
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The stre:aks wt"J. i ch. He q ..• :.tf- 0bv i o~JS in 8 r o ta ting :-r1irror photogr:;ph 

coul d not be defined with t~e photomulti~lters. I t :s s~rmised that t~~ 

irreg ,:..t lar .gppearan \e o f th.e s t.r ea><s preven ts t he photo1H.]tip.ter from r <n 

ducing a stable oscillos cope t ra~e. D si~g the rotating ~irror photographs~ 

attempts were made to sho~->' t hat t ':12 streaks ,,,e re dependent 1 n some t> i<n.p lE. 

way on t he voltage _ cvrre nt J pressure! a~d ot he r d ischarge paramet ers, bur 

the ana lys is o£ t ~e many pnotograohs taken has indi cat e d no 3i mpl e connection 

between the rando!J' ve .l() . ity of t~e str 12aks and any othe r parame ter . 

As further changes ~ ~pressure and c~rren~ ar~ made Lt is po ~~t ble to 

move into reg1on II I . I n r egio0 Ill of Fi~ ure ~n ic was possib le to ~aJe 

either the i n sta.bil l ty ohser•Ted .1 n re:gion ll or t he norma.l striation FhUern 

seen in regi. ,,n ] • He re agair~ t!l.eTe appP.a rs to bP no simpl e expl aroation o!. 

what to expect at a part1cular value for c~rrent and pressur~. Wtt~ou t a~y 

intentional a l terati on of :he FXtRrna l conditio~s t ~ese strea~s aopear a~d 

disappe r~ r spor·adicaJ :l y , Le. 9 t he discharge is i n tt.cn i ttently stable ~ pro· 

duci.ng the n onna .L striation pattern, o r unstab l e, produci. ng t he ::,trr:><:tk.Po 

pattern . A hysteres is effect , similar to that des cribed by Oleson and Fou0d 

(31), is also observed. It is also in this region t hat stand1ng striatloo~ 

are first visible in the t ube . As reported by Pigg , Bur t on , and O lebo~ (32)) 

as the current is decreased at a gtven prPs.su.re under stable dis charge con 

ditions, the standing striations be c ome more d.iffl!s e. Figure 18 tllus.r.rate: s. 

the appearance of the standing str1ations i n a rotating mirror photograph. 

Still another regime with spec lf ic charac teris ti cs exists 1 n ce: r ta in 

current ranges for pressures below about 1.3 mrn of merc ur y . In reg ion J V 

double striat ion pattern, may exist. Fi.gures 19 and 20 show rotating !nJrtOT 

photographs and phot omul t. i pl ier \\raveforms to illustra t e thi.s latter pheno:~e~wr • 

The matched photographs were taken with the sarne cond it .tons ex.i s t i og l"l the 

tube and the two distinct striation patterns have ve l oc it ies, fr eque nc les, 

and wavelengths which are rneasiJreable. J:he character.i.st.i 12 s of t he do nble 

striation pattern show no simple relation between the two patterns . AlthoL~ h 

there is a two to one ratio bet\\reen the wavelengths of the str tattoos at t.i.f!1~"-S , 

this simple ratio does o.ot always exist. 

Two rotat i.ng mirror photographs taken at a pressu r e of 750 microns <HI:'-. 

also quite interesting. These photographs are shown in Figure 21. The t wo 

photographs were t.:;tken under e'll.actly the same t ube operating conditions ~ the 
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p = 3.22 Dill R«· 

i = 12.0 ma 

p = 3.83 mm Hg. 

i = 3.0 ma 

Figure 18 -Typical pattern for regien III with standing 

striations in the tube. Retating mirror photographs at 

different currents and pressures. Mirror retatienal 

speed for beth phetographs was set at 262 RPM. 
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Retat~ 

Speed Mirnr 

200 RPM Phete«raph 

Li~t htuaity 

.Anode Wante:ru 

Anede 
Ti.ae Scale 

0.5 eec/ca. 

Allede 

Mid-tube Frequeacy 
-1 3000 sec 

Anede Trigprecl Inter-

Catheie nally by the .bede 

Phetellllltiplier 

Ficure 19 - Deuble stria tin pattera fer recien IV. Retatill&' 

Jlirrer phetecrapll and lic}lt inteuity wante:n~S at presaure 0.87 

JIJI He· a a.rcen, current 24.5 -· 
~he twe sweeps ahew differeat aaplitudes at the aaede be-

cause they were equalized with the traveliac paete.ultiplier 

at md-tube when the lipt ateuity is the createst. The 

aaplitude ef the traveliac p&ete.ultiplier sweep illustrates 

thia difference in licht iaaeDBity at taree pesitieas alene 

the tube. A coaparisen ef the deuble striatien pattem is 

giTea belew: 

fast Wave: 

Slew Wave: 

Frequency 
-1 

3000 sec 
-1 555 sec 
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' Waveleqth 

6.19 ca. 

3.12 ca. 

Velecity 

186a/sec 

17.3 a/sec 
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Retatienal 

Speed 

250RPM 

.Anede 

A.aH.e 

An~e 

Mid-tube 

A.aede 

CathMe 

Retatac 

Mirrer 

Phetecrapa 

Light Intnsi ty 

WaTefel"'IS 

'riae Scale 

1. 0 msec/ ca. 

Frequency 
-1 4650 sec 

'rriccered Inter­

nally by the An~e 

PheteiiUl.tiplier 

Ficure 20 - Deuble striatien pattern fer recien IV. Retat~ 

airrer phete«rapa and lieht intenait,y waveferas at pressure 0.4 

- ~. in arcen, current 23.5 u.. 

'rhe twe sweeps shew different aaplitudes at the an~e be­

cause they were equalized. with the traTeliJl& phet•multiplier 

at aid-tube where tae licht illtensity ia the greatest. 'rhe 

a.plitude ef the traTelin« phetemultiplier sweep illustrates 

this difference ia li«bt intensity at three peeitieBS alen« 

the tube. Hete en the ntati.D« llirnr phetecrapa the Tery slew 

wave pattern is pnced.illg frea the cathede te the anede. A 

ceaparisen ef the deuble striatien pattern is giTen belew: 

Fast Wave: 

Slew Wave: 

Frequency 
-1 4650 sec 
-1 

225 sec 
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Wavelength 

6.68 ca. 

Vel.city 

312 m/sec 

- 7.6 a/sec 
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(a) 

N = 255 RPM 

v = 17 meters/sec. 

Aaode to the left 

(b) 

N = 2972 RPM 

v = 680 meters/sec. 

Anede te the left 

Figure 21 - Retating airrer phetegraphs ef the striatien patterns 

in tw• sectiens ef the discharge tube. Taken at presaure 750 

aicre:a..s ef H~. in arpa, current was 1.3 ma. Nete the appareat 

disappearance ef the striatiens teward the anede e! picture (a) 

and hew increaeing the airror speed aade the striatiens tefiaable 

ill picture (b). 
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ln the uoper photo-

gr:mp t h.E: ~.n1t ror ~i8d a tq:e~d of 255 revo h, J:io""s pe r. minute and i o the lower 

photogracn a speed of ~) 9 7 2 revol u tions r~r ~1nute. What appeared to be a 

uniform light inte~s ity patt~r D toward the anoae io the upper photogra ph W3S 

in fa.ct formEd by ~tT.i.ations ot .'i :m..crl:"'. higher ve l o c. ity. lhe ve locity of d~e­

s l ow wavefom was lj metEis per s econd whi.le the .fast moving str i.ation h9d a 

ve locity of 680 met~rs Der second. As obqerved in the lower photograph, the 

increased mirror speed mE~de. this h.igh ve l oe:tty str iat.ioo. patt.er.n. def tna.b le 

and it brought tbe obviou s stt 1Atioos i~ r~e ~mpet pic ture to a o~3~ VErticql 

position as e~xpected. Thf two photogr.:;,phs i nd i.c.a.te that. the two d i.s t ir> U 

striat ion patterns do not necess&rily e~i st throughout t he entir~ t u be , b u ' 

can exist 1..n various par.·ts ot tb.e cu be at the sa~~~ t ime. This ~ras a.l.so fou!:ld 

by Cooper and 01.eson (33, and reported at the Munich Conference i~ 1.9 61 . 

However; their obserJatlons were roade ~~i le using a tube wit h several dif~er 

ent d.t.arneters, so it is diff ic.Jtlt to draT-! ar:. a,1alogy between their obatrva~ 

tions and the striat ion ve locity p~tte7 n in this report .. 

Stjll another phenomenon rA~hi ch is s i m.i.lar to that repor.ted by ('ou.l~e. r 

(25) was observed at currents about 1.0 rna Figure 22 is a rot~t1 ng ~irror 

photograph showing the observed str1.ation pattern. This photograpb shows 

a lternate light and dark horizontal bands which indicate the tub~ JS p~l s1qg 

on and off, although the light bands are very c omp lex revealing pf':thdps the 

presence of standing striations throughout the tube. lt does not see:!l' r fa."· 

sonab le that this pul sing is the same as that reported by Coulter .s10ce hJs 

published photograph was taken with a discharge current of 360 rna. The 

pulsing wa. s observed several times during this invest .igat.ion; but w!H': ~H::ver 

it was observed , the curr ent was b~low 1.0 ~a and the pressure W9S bElow 7.0 

mm of mercury. It is not known w!J,et:her the pul sE:s a.re rela)<"at ion osc l.lV:t~· 

tions ; it is quite possib le the pu1. sing coald be the result of capacjtlve 

effec ts in the e] ec t_ r i ca l c:tr ~ u i.t. Unf ortunat el_v ~ beca•Jse ot the unprf'di.ct?. · 

bi lit.y of t.b.e P·~l s i:o.g and 1 t3 sporadi c n.-:l t.u,.. e when it w.e.s observed.~. a photo= 

graph of an oscilloscope trace of the phctomu~l ti.pl ier output w.a.s nE"ver ob -· 

tained. 

From the preceed.i.n.g des'"~ri.ption. of the four regions o.f Figure 10~ it 

should be clear th::~.t the complexity of the obse rvab] e phenomena incrE-ased 

with decreasing pressure. Plots of the stri.ation para11eters ~ ve.loc..ity ~ f:te = 

quency , and wavelength, vers~s current and rressurP~ give further indications 

of the complex.ity of the glow discharge phenomena • 

.1E 





Fi~e 22 - Rotating mirrer photograph of the typical pulsi.Dg 

pattel"Jl. Taken at 1.28 am Hg. in argel'l, discharge current was 

0.97 JU., lli.rror ratatienal speed was 254 RPM. The black liae 

rm,•i •c thnugh the center ef the picture at an angle and. the 

herizental line runDin« threugh the center pertien are additioaal 

calibration marks. 
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3.3 Stri(;j_tion l'ar;:x.:r.:~ t e " .:: TeT s -..~. :: C:.t rrE:r,t 

A t ube vo l tB~e v er s>ls t ubE cutrert t p lo t l:> s:wwn. i.n Figur e 2 ~ . Th.fs 

voltage versus cu r.r snt p ~~o <-: i s ~ypi ca :l f or. .:; g low dis c.h_a r ge over t.he r.ange 

of conditions investigated (34). Plots of sr:r i '3t i 0 n ve locity ,. £r eq~J.er!cv~ 

and wavelength ve rsus cu-: r e.n t ar: e. s h .. own. i.r. F igu,re s 24 ~ 25 , and 26 . Theae 

plots are constant pres s~~~ plots ~ or press~ re a of 1. 3 , 5 . 2, 8.8 , a nd 11.~ 

rom of merc.ury . These con::;tant pr-ess :1re r J. ot s l~ere se l ected from dppro l(i= 

mately twenty suc h Dlots in t he r ange f rom J to 11 mm of ~ercury be ca ~se 

they best i] l ~str ate t~e observati o~ ~ i P t h13 pT 8 SS ~fE range . So~p O! t~e 

lines on the plots h a ve a is cont in~lties ~ ~o~ n, ~nd icat ing th~t t~P r e ~ ~s 

been some radica.1 change in t~.e observab! e .e r_ r 1a t ion pattern. 

Starting at a pres3ure of 11.0 mm of mF.:r c-ury , t he Line showot ends a t 

+ 19 . 0 rna . The dis charg E-. at rJ:d3 pr e ssure e~_hib1ted the nor m-a l stdat.._o, 

pattern, and th1 s ~as t riE on ly F atte~n observed 1nti l t he disc~arge t~be 

cu t off. Recall tha t F1guc e 10 illua t r a tes the striation patter n f~ t hi. ~ 

:region wi t h the cu toff cur r ent sho•.rp a. t. 11 rra. The curre'1t f l owing be = 

came extremely era t i c j t.s t belo•..v 19 ma and wo.s unreadab l e for a s.h.or t ~ Pi iod 

of time prior to cutt i ng off~ so t he 11 ~a ni.rren t shm.rn on Figure 10 i s 

the result of an extrapo l at i on fro:n tt:le l owe r va lues of pressure . 

At a pressure of 8.8 m:m of mercury a di scontinuous line is shown 

indicat ing that a transit i on from region 1~ the r egime of the not:n3l 

striations , has been made to regi on 11 3 t he regime of streaks. Note t nat 

the appearance of the $treaks resul ts in a noticeable decrease in str i ~ t i oD 

velocity. 

It should be men t ioned here that the ve l ocity , fre quency , and wave · 

length measured with s treaks present are average values. Since it is 1~­

possib l e to use photomultl pl i e rs or a. fre. q'J.en.cv counter for wave lengtL and 

frequency measureme,n ts when streaks are p re sent~ the on l y recourse is to 

analyze rotating mirror photog[aphs. 

A continuous line rLUf!lng tl:J.e complete range of. current i nve. st i.ga te:d i. .; 

shown for a pressure of 5.2 mm of mercury. Thi s line is typical of regivn 

II where streaks are always present. 

As pointed out earl.ier the most compl ica ted striation patterns eY.l:st 

at pressures of abou t 1. 3 mm of •nercury and below. For a press ure of L3 mm 

of mercury streaks were observed in the range of current from 25.0 rna doWTI 



j· 

P= 1.3 
P= 5.2 
P = 8.8 
p :.:. 11.0 
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VELOCITY vs CURRENT 
--r-·-r-· · ~:~d:~----i---T---··-r-- - i-··---T-·-l 

P =-1.3 o-o I 
F -=.5o 2 6:-6 I 
P =8 o8 "-X l 

*lh~tt Q ~ 

p = 11.0 0--¢ J 
1. If a line is not continuous, the break indicates there has been a change in the striation pattern ex­
hibit~~ by the discharge. 
2. Tw~ lines for the same pressure indicate two distin.-~t striation patterns are detectableo 
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0 

*Note: 

P=-1.3 
p = 5.2 
p == 8. 8 
P = 11.0 

i. If a iiRe is Rot eentiaueus, the areak indieates there has been a change in the striation pattern ex­hibited by the discharge. 
2. Two lines for the same pressure indicate two distinct striation patterns are detectable. 
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~-~-~--r-·-·-·-f_WAY.:ELENGrrH vs . CURREN_l' ____ 
1 
____ ~-~-.----.----r 

I I i l ! 
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I 
6~ 

I 
~L 
l 

~Note: 

*Code:· 
P=l.3 
P= 5o2 
P= 8.8 
P= 11.0 

1. If a line is not continuous, the break indicates 
there has been a change in the striation pattern ex­
hibited by the discharge. 
2. Two lines for the same pressure indicate two 
distinct striation patterns are detectable. 
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to 22.0 ma~ and in this r:~rrr-:., .. rgnge o11ly one de-t~ctable str i ation p3.tter'1 

wa~:. i.nd .i..cn.t.ed. Sorrewh.ere be-t ... lE:E''"J 22 .• 0 rna aod 2J .5 'T\ .'3 a change .Ln the 

striation patt~rn occurred ~tom the single det~ ct~bl~ str i At i on pattern to 

that e1l.h.ibiring two disU nct ue ] o("~ I tte s , heq-.~ Pncies ~ and wavelengths . 'I~ .:...s 

striation pattern was short lived, e~isting oo l y for t~e interval from 21.5 

rna to 21.0 ma. betwee~ 21. 0 rna and 19.0 ~a ~~other c~ange in the strl~ tion 

patte!n was obset'Ted. 011ly t he s ing l e f.!:eq u:ency pattf.::.rn was detectable from 

19 .0 rna to 15.0 rna. Fere aryother change is observed. A return to the two 

d i s tinct s triation patterns was .rn .. ~de bet,"reE:n 15 .0 ~a and 13 .0 rna . Tl>'..s 

double pattern pers istc.d t.n t il t.he cur.re.nc t Bd dropped below l .0 ma.. At 

currents be low 7. 0 ma t he sing 1 e s t ri a t.i.on patt e rn l,Ms a.ga in obse.rved ; bu ~ 

still anot her p neno~ne11.a. iE seen '-'ri.th i. t . At a. c~.c r:r ent be lm•T 1.0 m..e thE. 

pu l sing c ond:i tion dPscrl.be d ear 1 i.er & "~.d ~;,.JW1l. in Figure 22 was enco1Jntered . 

A study o£ the pl ots jJst des ~ ri bed does not l ead t o aoy simple de ­

pendence of t he veloc ity ~ f req uenc y , ot wave Jength on the current. I~~ 

pl o ts ~ if anything, po i nt to tr.e comple2<j. tv of t he re l at i onship hf'twe~f!. the 

s tria tion paramete: r s and cnn:en t . 

3. 4 Striation Parameters versuB Pressu re 

A tube voltag e versus t ube pressure p l ot fo r several value s of con3~ant 

cur r ent is s h own i n Figure 2 7 . The c onst.hnt current Lines sholAm .a r e r e pr E. ~ 

s e n t a tive of the range inve stigated~ r:md the voltage versu s pressure p l o t 

f ollows t he s ame t rend which has been observed by many exper i men t e r s. 

Si nce an :insta bili ty exhibit i ng the streaked striati.on pat t en:-. apfE:: .~red 

t o be t he most c ommon cbara c t.er.ist ic of the glow d ischar ge in the range in~ 

ve s tiga t ed , and s ince the dat .a. were nor.ma.lly taken for a fixed pre s s u re 'M'h:Lte 

reducing t he c urrent ; it was felt t.hat continu ou s curves, represencatLve of 

aver age va lues, would give more .rnea.ningfu ] p l ots of the striatioD. ph.ramet.ers 

ver s us pressure . Thus ) fi gu.re s 2.8 ) 29, a.nd 30 ~ the respec.t:lve plot s of 

ve locity~ f reque ncJr ~ a.n.d wavelength versu s pressure~ are plots of a verage 

values of the striation parameters versus pressure. Only one coPstant C\H •• 

rent curve has been p lotted beca~se it i s repre s entativ e of the o ther con­

stant current curves . Other constant current curves of t he aver age velocity ; 

frequency , and waveleng th versus pressure sho"'r li.ttle if a.ny vertica 1 dis= 

p l a c emen t from the line sho\\m on the scal e selected. Other c onst ant curr£-:nt 

45 



'"tOO-

4oo-

;>00 
~ 1 

I 

VOLTAGS vs MlEv~URE 

Codeg 
I= 7 .. 0 rna 
I =l3e0 rna. 
I =25 .. 0 rna 

I p 

/ 
/ 

0 

I 

~oo._~-~---4--_..1.____.._---.~.l __ l._--..!-~---.l-_J __ _j_. __ l 
o J. -s 4- ~ b 1 'g 9 to 11 

PR~SURE (rrun of Hg) 

Figure Z7 

4 6 



\ 

Figure 28 

47 



0 

V .ut.aG.:..~ FR, }IL·JJCY vs . 1~. .. .,.... • .)UP..E 
I I I I l--~-~ --

_j 
I 
I 
I 

-i 
I 
l 
l 
t 

--; 

j 

j 
_J 

f 

l 

J 
l 
I 

~ 
l 

I 
I 

_j 

~ 
l 

l._---&.-_......_. _ __..__~1 -· _,___ __ j ____ j_ ___ _l_~ . i 
" s 6 i 8 ~ 10 1/ 

:~~SUiili (IrJn of Hg) 

Figure 29 

48 



\ 
\ 

Figure 30 

49 

/0 II 



curves, if plotted , would only serve to confuse the pl ots . Jhe p l ots of 

average velocity , frequency , and wavelength versus pr es s ur e ar e similar to 

the resul ts achieved by other investigator s. 

Many investigators have made plots of the log of t he ve l oc ity of stri ­

ations versus the log of the pressure in attempts to determine t he dependence 

of velocity on pressure. A l og velocity versus log pressu re pl ot for several 

constant current values is shown in Figure 31. Generally , other inve sti ~ 

gators have obtained result s which show velocity variations as 1/p to vari ~ 

ations as 1/ ~. The plots shown in Figure 31 ~ for constant current values 

of 5.0 , 10.0 , and 20.0 rna, exhibit slopes of =0.76 , =0.65 , and ~0.60 re­

spectively. If the striation s were purely accousti.c waves , it is expected 

that their velocity would decrease with decreasing pressure. Since , for 

any constant current value , the striation velocity increases with decreasing 

pressure, it is felt that the mechanism propagating the moving striation is 

of a different nature than that which propagates a sound wave" 

3.5 Streaks 

If the slope of the streaks appearing in the rotat ing mirror photographs 

can be interpreted as representing a velocity , it is possible to assign the 

streaks an average velocity. Although the pattern of the streaks as seen in 

the photographs is quite irregular at times , it was usually possible to de­

termine an average slope for the streak pattern. Using the velocities de­

termined from the photographs , plots of streak velocity versus current and 

pressure were made. These plots are shown in F igure s 32 and 33 . Plots of 

streak frequency and wavelength versus current and press ure were not made 

because it was virtually impossible to assign the streaks a meaningful wave­

length due to their almost random appearance. Withou t wavelength measure= 

ments it was impossible to determine the frequency of streaks ~ because the 

photomultipliers could not produce a definable oscil loscope trace of the 

striation pattern whenever streaks were present in the t ube. The velocity 

versus current plot for constant pressure was made using the same technique 

described previously for the normal striation velocity versus cur rent plot. 
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The appearance of the streak velocity versus current and pressure plots 

point again to the complexity of the glow discharge at low pressures and 

currents. There is apparently no obvious connection between the streak 

velocity and the pressure or current. The streaks do not have any recogniza­

ble periodicity but seem to be randomly excited. Although the streaks have 

a discernable slope in rotating mirror photographs suggesting movement from 

cathode to anode , their irregularity and the appearance of the plots of streak 

velocity versus current or pressure makes the assignment of even an average 

velocity to them have questionable value. 

As commented upon earlier, there did seem to be some connection between 

the formation of standing striations and streaks, but changes from a streaked 

pattern to a pattern exhibiting standing striations occur so rapidly that no 

conclusive evidence exists to support the idea. 
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·~ o co~ste s ro~s 

~ o .L Conc.~. ·~~ s i.ons 

Based upo<1 ttl~ toil.perimePt a l o~serv.a.ttons oi. PeJvuek (ll) and Cooper 28) 

a q :.;·te sct::n.t striat.ion free scat.<=> '"'~.s e"Krected Jr· 8 ':1. argor gl:')w discharge 

some form "''~re "l1way6 prPsent. All pre~s ores f.rocr. l l Ti.:'IJ. of rn.etcu ry to le sE: 

t:J:\a.n. 200 .micro,.,.s of mto:rc·ur.y snd :dl co rren.t s bo'r! 25 ma. to 0.13 m.a we:re 

geo;:H: "ry ~ e. J e c t -r •:-d2 c o .rtf 1 ~ ~n 2 · :!.or ., gc-.s P · ~ ="' ,.r ..:> app ·"-ted voltage , d i "'(' -.u.tr ~E: 

.. :uu .. eD.t ~ -:t.na tl.e t.yp~::- of g:as prf' sE.nL L1 cornp .. n ~ng t .tli.s ex.pcr.lmccnt wtt h 

tho-e of. P"'!ka_,...P.k and Cooper J r.•,hi.ch. '.if4": JE: dLs :::. . .:.. ssea eotrU.er- i.n thH repor r ~ 

Pekare\·s r ~ s ui ts c o~l~ ~ave been die t o a b~a l:e r thbe d 1w~etet apd a 

diffe~ent type gas , ~nile Co~pe r 1 s r~a llts ro Jld be due ro a shorteY an ode 

to cdt~ode distance. 

An analyi:' is of t.h~ observctr.f.Oi)S mad~ Jr t.~is .Lnves L.1.gat .ior~ I.eve..a 1_s .· bu.~ 

does n ot ex.plainJ t!.lE-:: complicated ncit u.J E. of. the stri-'it.io.'l ve l oc i ll-s~ i n a 

glm .. , discharge. Atternpts to c omp"ire the expe r i.J:•enta l reE:> 'J.l ts '1.\:tth Vatio .~ :3 

pr.opcsed theories have been non·· c o':lc.l,lsLve sin ~ e tb~?y invol,red electro:' d~rrd 

ion densities and temperau:ne.s a . .od or.:J.e.r pa.ra.met.ers which were not :ne-8.:5 (."-r:ed 

in this experiment. It :is .Lnter.est.tng to ..,o t.e that Gordeev 1 s (~} t'-l.E. orv H" ~· 

quires that osci lla tions of so;r.e sort be prtoseP.!. in t he positive col arr-':1 f:.t)r 

it to be stable. These os cillat1ons~ a l tho ~ gh no t identified as Toving 

striations, might chen b~ necessazy to sustain the discharge. This appeaxe 

to be the situa t ion in lm111 ?IPssurP. (.1 =50 mtcton.s of mercury) D<~c dis~· 

charges :in gases s, .. cr1 a~ argon aod El~on \orh.en. high frequency pla.;:;ma oscil l a.~ 

tio3s of thP order of 500 ~egacyc l ea dr ~ found t3 5)o 

Many o£ r hP !-'heDO:'!kJta. observed. i.n t.t_i. s .invest igat.:i on have bee·n obs~:r IJ£--C 

by others. Zaitsev (23 ) reported see ing two distinct striation patte!ns in 

his e:'>!:pertment.s wit:h g low d i s cha.r. ges in neon~ neon =argoll mixtm:es , and .aJr o 

He did not report t.~~t it ~ss posstble [or the two striation pattPrns lO 

exist in differe.nt f>att.s oi L~e posttlve. colu'Tin sin:rulta11eoasly a~ was ob~ 

servE:d in th.is e .'K.per:i.meflt 0 Co~lter ( 25 }: photogt8t:'·hed p <.:d S'9.ti ons t~roughout 
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the discharge in a neon glow discharge. Pulsations were also observed in 

this investigation and photographed from a rotating mirror ~ but the pulsing 

phenomenon reported by Coulter is not necessarily similar to the pulsing 

observed d uring this experiment. Coulter was studying the high current 

effects and obse rved pulsing at 360 rna while the pulsing for this experi 

ment occurred at a current of less than one rna and is probably a form of 

relaxation oscillation similar to that reported by Stansfield and Wise (36). 

A large capacitor (2.5 millifarads) in series with a variable resistor 

was connected across the discharge tube in an attempt to eliminate the volt = 

age oscillations . Whil e observing the oscillations on an oscilloscope , the 

variable resistance was reduced. It was possible to diminish the voltage 

oscillations by a factor of about three before the discharge went out. This 

would appear to be another indication that possibly the oscilla tions are 

necessary to sustain the discharge. 

Irregular disturbances , called streaks , which moved from the cathode 

to the anode were also observed. These streaks could be eliminated at the 

upper boundary of Figure 10 by placing a 10 henry inductor in series with 

the external resistance. By reducing the current to a lower value , however , 

it was always possible to arrive at a streaked c ondition where cutting the 

inductor in and out of the circuit had little or no effect. The streaks do 

not appear to be negative striations of the form described by Donahue and 

Dieke (6), Foulds (37) , and others; because they could not be detected in 

the manner described by these authors, and the streaks had no simple depend ­

ence on any of the glow discharge parameters. In conclusion it s eems that 

the streaks are a result of some instability at the cathode , but the exact 

role of the cathode in the production of streaks coul d not be determined . 
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5. REC0!'1.\1Er-JDAT I ONS F OR f U1 'J RE I t\!VESP GAl l ONS 

5. 1 Re commendations 

F•Irther attempts s~o~ld be mad e t o de t e rmi ne t he orig i n and cau sP o f 

the djsrjrbance that moves fr o~ cath ode to a node i n low pressu re , low cur 

rent 3 argon g l ow d l s charg ~ s . 1~ i s exreri ~ent suggested that diffe rent 

electrode materia l s and c onf i g ur at ions as we l l as Langmuir probe te c hnlq~cs 

shoc ld be tr i ed to isolate a nd s t udy t he cathode to anode traveling dis ­

turbance. Spec t~ oscop ic ana l ys i s of a gas d i s charge exhi biting the com· 

Plicated stri.ation pa t tern s ahotld a l so be made t o d~ terrnine whe t ie r ~, ~or 

the spectr 'J..'T1 of r f.ldl..:J t:( o n .1. s the same ( or t he s cr eaked strl:?tl.on patt e r., s 

as for t~e norm~ l mov ing srr ia~ ion pat ter ns . Pr~ l imi~arv meqs ur e:ments ~a d~ 

1.n th.is .invest t g-H.im·· seem to i.n d .icar e no diff e rence. A study of the E.ff ec t s 

of a magnetic fi e ld on t he s treak~ d stri:? ti on patterns sho ul a a l so be ~adP. 

I f f u rther atte~pt a a re ma de co fi ~ d a oon striated pos1ttve c olwnn i~ 

a lO\\J ptessure , l ow c u.rrer: t J a.rgon g l o'-'1 d isc h.a.rge J i t is s uggested that :1 

dis charge t u~e of s~a] J er dimen s ions be use d ) as indi cated by the wo~~ of 

Pekarek. Th e sma.1ler: radius t ube i s :: ugge sted because of the wel l !<nown 

dependence of striations on tube direen sions. After the non - str i at e d posi ~ 

tive c olumn is located ~ a. study c an t hen be made to determine tree effe-ct:s 

of pul sing the current into and 0 11.t of st.riated regi.ons. I t is aJ so re c o~'!l­

mended that more work be done in the lower press ure region to 1nv~~tigaLe 

further the apparent re8ppearanc e of moving striations at greater m1rror 

rotational speeds. 
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Appendix 1 

A serious hazard was discovered during the initial phase of this in­

vestigation when a major effort was being made to achieve a high vacuum. 

A power failure occurred during the night when no one was observing the 

system. The power failure cau sed the diffusion pump and fore pump to stop, 

and a feature incorporated in the electronic circuits of the ion gauge pre ~ 

vented them from starting once the power was restored. Since the coolant 

in the cold traps was liquid nitrogen and since the system was at atmospheric 

pressure for some time , considerable liquid oxygen was manufactured in the 

inner portion of the cold traps. If the liquid nitrogen surrounding the 

liquid oxygen is removed, the rapid vaporization and expansion of the oxygen 

can produce an explosive force which is of such strength that it can com­

pletely destroy a vacuum system, but what is more important is that this 

explosive force can cause serious injury to any personnel in the vicinity. 

In view of the above , it is felt that whenever liquid nitrogen traps 

are used on a vacuum system and a power loss of an unknown duration occurs, 

the only safe procedure to follow is : 

1. Fill the liquid nitrogen traps 

2. Energize the fore pump 

As soon as the fore pump is energized, the prepsure in the system will 

start to drop and permit the trapped oxygen to vaporize and to be remov~d 

from the system. After 10 to 15 minutes of pumping: all oxygen trapped 

will have been removed and the pressure in the system will start to drop. 

THEN AND ONLY THEN IS IT SAFE TO REMOVE THE LIQUID NITROGEN TRAPS. It is 

strongly recommended that this procedure be adhered to and that personnel 

working on vacuum systems be made cognizant of this hazard. 
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