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We presentthe experimentalresultsobtainedon the ionisationwavesin the helium and
neonplasmasywithin the pressureangeof 200 Pato 2000Pa (133 Pa = 1 Torr), andfor
dischage electriccurrentsof 5 mA to 35 mA. The maincharacteristicef the ionization
waves in the medium presureneonand helium dischage are a small amplitudeand a
high frequeng. The amplitudeof the wavesis smallerthanl V. In the caseof the neon
plasma,he frequeng variesbetweenapproximately700 Hz and2250Hz andincreases
with the dischage current.In the helium plasma,the frequeng is in the rangebetween
approximatelyl500Hz and4000Hz anddecreasewith thedischageelectriccurrent.

1. Introduction

The simplestcondition of dischage in a gasis whenthe positive columnis homo-
geneusandthedischagecurrentis constantSucha conditioncannot bealwaysprovided.
Many studieshave beendedicatedo the oscillationswhich take placeduring the electri-
cal dischagesin gasesA specialinterestwaspaidto the moving andstandingstriations
of the positive column,with impressie displays.Many measurementrgere made,but a
completetheoreticakxplanationis still lacking.
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Pekarel{1] hasintroducedthe termionizationwavesfor the moving striations,em-
phasizingtheir basicnature.Pupp[2] hasshavn thatmoving striationsin pureraregases
at constanpressureslo not occurabove a certaincritical currentwhich canbe expressed
by theempiricalrelationship:

lc=C/p", (1)

wherep is thepressureandC andy areconstantshatdiffer from gasto gas.

A theoreticalrelation for the upperlimiting dishage currenthasbeenderived by
AlankyanandMikhalev [3], who obtained:

(lcp)ZZAlcp(%) +B(pA)?, )

where/\ = /Dat is the diffusionlength, T is the time constanffor the ions to diffuseto
thetubewall, and A andB are constantglependingpn the gasandelectrontemperature.
Thefirst termfrom theright-handsideof the Eq. (2) is dominantatlow pressuravhile the
secondermis dominantat high pressureTheionizationwavesmay be both self-excited
or stimulatedfrom outsideandarefurther distinguishedoy their velocitiesandtheir EA
product,whereE is the axial electricfield andA thewavelengthof thewaves([4].

Four varietiesof waveshave beenexperimentallyobsened, two slow types(called p
and<) andtwo fasttypes(calledr ands). The p-wave arisesdueto oscillationsof the
metastabl@ensity while thedominantprocessesf ther-wavesarethe oscillationsof the
ion density Thesands wavesareassociatedvith molecularionsandwith theirformation
causedy the collisionsof excitedatoms.

We presenthe resultsobtainedin measurementsf the self-excited ionizationwaves
of p-typeobtainedn mediumpressurdneliumandneondischageplasma.

2. Theoretical considerations

Thefirstmathematicainodelandconsequentlgomeof themostimportantadvancesn
thetheoryof theionizationwavesis thatof PekarelandKrejici [5]. Theirmodelwasbased
on four linearequationgor theionsandelectronsthe Poissons equationandthe enegy
equationfor electronsThey obtainedanintegro-differentialequationfor striationswhich
canbesolvedin somesimplifiedcasesSeveralmethodslik e thenumericalevaluation[6],
theFourierexpansior]7] andthe Laplace-transfornf8] have beenappliedto solve this set
of equations.

Themostrealisticanalysisfor ionizationwavesnearthe Pupplimit wasperformedoy
Wojaczeck|9]. He useda completeexpressionfor the electronenegy equation,nclud-
ing thermalconductvity anddiffusion dueto the electrontemperaturegradients.Later,
someresearchgroups[10-12] have reporteddifferentmodelsbasedon the Van der Pool
oscillatorlike modelfor drivenionizationwaves.

For our experiment the basicequationsare[13]:

dny
E’+niD-vi =Ss

132 FIZIKA A 6(1997)3,131-138



BARNA ET AL. IONIZATION WAVES IN THE MEDIUM PRESSURE . ..

—0-(neVe) =S 3)

kD(neTe) —+ qneé —+ Venﬂene - O

wheren;, is theion density ne the electrondensity v; theion drift velocity, ve theelectron
drift velocity, k the Boltzmannconstantg theelementarychaigeandsthesourceterm.

Therelationbetweerthefield andthe electrontemperatureés [5]:

oT,
O_Ze =ale—bE (4)

whereT, is theelectrontemperaturea andb constant@andz theaxial coordinate Thenthe
dependencef thetime variationof theion densityn; is approximatelygivenby [14]:

F—(GO—ZBni—Byni)a+w2n+Cln +Cn=0 (5)

whereagp = a — v; is the effective linear growth rate,v; the collision frequeng between
ionsandneutralatoms 3 andy areconstantsy is thewave pulsationand

C1NB[Vi+Ve(£)] , and szy[vi+ve(g)] ,

wherem is the electronmass,M the ion massand v, the collision frequeny between
electronsandneutralatoms.

Finally, wis expressedy

2
_ q bTe 1
w_kaz(q—kb) GRS ©

whereK is the wave number Equation(6) is regardedasa dispersiorrelationof theion-
ization wave, which hasa backward-wave characteristicHere, a is about10 m~1 andb
about5 x 10° KV 1 in thecaseof neon,andais about2.5m~1 andb about10* KV~1in
thecaseof helium.

Fromthetheoryof Novak[4], theproductE - A is a constanfor a gasof about9.3and
14.2V in the caseof neonandhelium,respectiely.
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3. Experiment

Theexperimentabket-upis shavn in Fig. 1. The steady-statplasmawvasformedin the
cylindrically-symmetrigoositive columnin a40cmlong and4.5cminside-diameteglass
tube. The electrodesvere madeof nickel andhada Rogowsky profile. The connections
betweeneachelectrodeand metal-to-glassealsare madeof a metalpieceanda helical
wire, andthe distancebetweerthe electrodegould bevariedfrom 20to 40 cm by means
of magneticcoils. Threewolfram probeswith glassinsulation,S;,S and Ss, having a
diameterof 1.5 mm, were placedwithin the dischage gap. Anotheridenticalprobe, &,
wasplacedoppositeto the probeS;. The probeshave plaintips. Theradial positionof the
probescouldbevaried(alsoby meanof magnetiacoils), sothe probesS, andS, couldbe
putin contact.
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Fig. 1. Experimentaket-up.

Thedischagetubewasconnectedo thevacuunmsystemdegasse@ndfilled with spec-
troscopicallypureheliumor neongas,closeto thevalueof the mediumworking pressure.

Theworking rangeof the electricdischage currentwasfrom 1 to 35 mA. To obsere
theself-excitedionizationwavesin the plasmawe usedanelectricmethodwhich allowed
the recordingon the oscilloscopeof both the wave frequeny and the plasmapotential
amplitudevia theelectrostatigrobes.

The DC supply source(RFT-STARTON 4205type, max. 1.5 kV and0.2 Amperes)
had50 Hz pulsessuperimposedn the constantomponenbf the voltage.This caused
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modulationof the electricsignalfrom the probes.Usinga supplysourcewith along time

constantwe could sustainthe glow dischage even afterthe disconnectiorof the source,
which allowedthe modulatedsignalto be seenontheoscilloscopeTheaxial electricfield

wasdeterminedy the double-floating-probenethod.

The dischage in neonwas studiedat pressure®f about200, 530, 930, 1330,1600
and2000,andin heliumat pressuresf about670,930,1460and1860PaPa (133Pa=1
Torr). Thedischage currentwasin therangeof 1 mA to 35 mA. Both the amplitudeand
thefrequeng have beenrecordedTheelectricsignalfrom the positive column(the probe
S in theareaof theanodeandthe probeS, atthe headof the positive column)aswell as
thenegative glow (the probeS; in the areaof the cathode)weremeasured.

TABLE 1. Theresultsof measurementsf thefrequengy andamplitudeof oscillationsand
the calculatedrequenciesin neonplasmafor differentvaluesof the dischagecurrent(l)
andof theproductpressurgimesradius,pR (R= 2.25cm).

I R-p E/p Vosc Vosc vaajc v

(mA) |(cmPa) | ((mV/cm)/Pa) (Hz) (V) (m/s) | (Hz)
S S| S | &

500 6.01 440 | 450| 0.3] 0.2 475

1300 3.38 1200 | 1000| 0.4 | 0.3 710

5 2300 2.66 1250 | 1125| 0.5| 0.4 36.67| 980

3300 3.44 1250| 1500, 05| 0.4 1805

4000 2.17 2000| 2250 0.6 | 0.5 1365

5000 2.74 2250| 2000 0.6 | 0.5 2160

500 5.64 750 650| 0.15| 0.2 490

1300 3.16 1000 | 1000| 0.30 | 0.3 730

15 2300 2.59 1250 | 1200| 0.50 | 0.4 | 40.54 | 1055

3300 3.57 1500 | 1500| 0.60 | 0.5 1950

4000 2.08 1250 | 1750| 0.60 | 0.5 1450

5000 1.93 1300 | 1500| 0.70 | 0.6 1680

500 5.34 900| 900 0.15| 0.1 585

1300 3.31 1000 | 1250| 0.30 | 0.2 880

2300 1.95 1250 | 1250 | 0.50 | 0.4 | 51.13| 1000

25 3300 2.52 1500 | 1750| 0.60 | 0.4 1840

4000 1.83 2000| 1800| 0.60| 0.5 1605

5000 1.45 1700 | 1750| 0.60 | 0.5 1590

500 5.26 1000| 900| 0.1 0.1 845

1300 2.86 1200 | 1250| 0.3 | 0.2 1225

35 2300 1.29 1250 | 1250| 0.5| 0.4 | 74.97| 970

3300 1.68 1750 | 1500| 0.6 | 0.5 1805

4000 1.25 1750| 1800| 0.6 | 0.6 1610

5000 1.17 1700 | 1750| 0.6 | 0.6 1890
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4. Results

In all situations,the plasmacolumnhad a single-sourceappearanceyut the electric
signalrecordedvia the electrostatiprobesevincedthe presencef the p-typeself-excited
waves. For the neonplasma,at mediumand low pressurethe resultsfor the recorded
signalsareshavnin Tablel.
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Fig. 2. Thedependencef frequeng vs. the currentat p = 1330Pa for the probesS, and
S$. (133Pa=1Torr.)

Figure 2 shaws the dependencef the wave frequeng on the electrical dischage
currentfor the neonplasma.Essentially thereis no differencebetweenthe low andthe
mediumpressurdonizationwaves, both being of the samephysicalnature.Only differ-
encesof the slopesof the curvesare seenfor the samevaluesof the electricaldischage
currentbut at differentvaluesof the pressuresThefrequeng increasesvith theincrease
of thedischagecurrent.

In the caseof the heliumplasmagessentiatlifferencesvereobsened. Theresultsare
shavn in Table2. The wave frequeny decreasesvhenthe electricaldischage current
increasesind,for thesamevalueof theelectricaldischagecurrentthewave frequeny is
greateffor dischagein helium.

Thedifferencedetweendischagein neonandin heliumaredueto thejumpingphe-
nomena[15]. They arepresentin the caseof neon: the frequeny suddenlyjumpsto a
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highervaluewith anincreaseof the current,andthe dischage reversessuddenlybackto
thepreviousstate.

TABLE 2. Theresultsof measurementsf thefrequengy andamplitudeof oscillationsand
the calculatedrequenciesin helium plasmafor differentvaluesof the dischage current
(1) andof theproductpressurdimesradius,pR (R= 2.25cm).

| R-p E/p Vosc Vosc Vgajc vac
(mA) | (cmPRa) | ((mV/cm)/Pa) (Hz) V) (m/s) | (Hz)
S SEBERE

1500 6.99 3000| 3000| 0.4 | 0.3 1795

5 2100 5.57 2250| 2500 | 0.5| 0.3 | 54.63| 2000
3300 5.22 3000| 3000| 0.5| 0.4 2945

4200 6.43 2900| 3000| 0.5| 0.4 4620

1500 7.01 3300| 3300| 0.6 0.3 1660

15 2100 5.81 2000| 2000 | 0.8 | 0.5 | 50.44 | 1925
3300 5.27 2000| 2000 | 0.8 | 0.5 2750

4200 6.50 1900| 1800 | 1.0| 0.6 4310

1500 8.63 2500 2250 0.5| 0.4 1595

25 2100 6.32 2000| 2000 | 0.8 | 0.7 | 39.37 | 1635
3300 5.42 2100| 2000| 1.0| 0.8 2205

4200 6.69 1700| 1800 1.2 | 0.8 3465

1500 10.32 4000 | 4000| 0.6 | 0.4 1560

35 2100 6.35 2000| 2000 | 0.8 | 0.8 | 32.18| 1340
3300 6.02 1800| 1800 1.0| 0.8 2000

4200 7.40 1500| 1750 1.2 | 1.0 3135

In theneonplasmathereis aninstability onsetof theionizationwavescorresponding
to a certainvalue of the dischage current. As canbe seenfrom the Tables1 and 2, the
dependencef the ionization wave frequeng on pressurds differentin the caseof the
heliumplasmaandthe neonplasma.

Within the mamgins of the experimentalerrors,no essentiadifferencesbetweenthe
frequenciesecordedvith theprobesS;, S andS; for the samevaluesof thegaspressure
andtheelectricaldischagecurrentshave beennoticed By puttingin contactheprobess,
and$, thefrequencie®f thesignalsfrom theprobesS; andS; werenotaltered.Thesmall
differenceshetweenthe measurednd calculatedrequencieseemto appeartecausef
thedependencef thefrequeng onthetuberadiuswhichis notincludedin ourtheoretical
model.

5. Conclusions
In thecaseof neonplasmathebasiccharacteristicef thewavesarethelow amplitude
(lessthanl V) andthehighfrequeng (betweervO0Hz - 2500Hz). Thisis to becompared

with theionizationwavesfrom the neonglow dischageat low pressuravhich hada high
amplitudeandalow frequeng.
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For heliumplasmathewave amplitudesarealsolow, but thefrequenciegsrehigherby
afactorof two thanin the caseof neon.

In caseof the neonplasmaour resultsare a little differentfrom the theoreticaland
experimentalesultsof Pekareks group[16]. They obsenedafrequeng of thesameorder
of magnitudg1000Hz), but they workedat alower pressurg200Pa) andusedatubeof a
smallerdiameter(8 mm).

Theresultsof OheandTekeda[17] for boththecaseof neonplasmaandheliumplasma
aregreaterthanour resultsby one orderof magnitude . They worked at a lower pressure
andtheir tubediametemwasbetweerd and8 mm.

For practicalapplicationsjn majority of casesdueto thelow valueof theamplitudes
of ionizationwavesat mediumpressurethesewavescanbeneglected.
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IONIZACIJSKIVALOVI U NEONSKOJI HELIJEVOJPLAZMI NA OSREDNJEM
TLAKU

Prowtavali seseionizacijskivalovi u neonskj i helijevoj plazmizatlakove izmetl 200i

2000Pai priizbojnimstrujamaod 5 do 35 mA. Amplitudeoscilacijasumaleafrekvencije
visoke. U neonsloj plazmifrekvencijaje 0d450do0 2250Hz i rastesastrujom,au helijevoj

izmetl 1750i 4000Hz i smanjujeses poveCavanjemizbojnestruije.
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