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Abstract

A multi-stage lonization-recombination plasma model leading to astomic
ions is proposed for iow energy cesium plasmas., The model suggests a state of
quasi-equilibrium throughout most of the plasma provided that the electron
temperature is hilgher than a lower ignition limit.

On the baslg of this model 2 variety of experimental data on thermionice
converters operating in the ignited mode are correlated. The successful
correlations include electron random current density and temperature profiles
as well az output current characteristics. The state of quasi-egquilibrium in
these thermicnic converter plasmas is found to be near the Saha-equilibrium
limit.

1. Introduction

The purpose of this peper iz to develep a plasme model suiteble for the
representaticn of the phenomena occurring in cesium thermionic converters
operating in the cecllisional ignited mode. ’

Several conceptually different plasma models For cegium thermionic conver-
ters have been proposed. References 1 and 2 are two examples. These models
predict ocutput current characteristics which are in good agreement with exper-
imental data. It is shown in Part I (i), however, that successful écrrelstion
ol output current characteristics is necessary but not sufficient to verify
the validity of a particular plasma model. Consequently, a primary chjective
of this analysis is to develop a model which leads to results in good agree-
ment both with measured output current characteristics and with measured plasma
electron density end temperature profiles in the interelectrode space,

The papver 1s organized as follows. In Section 2, the plasma transport
equations are solved by assuming that the plasma in the interelectrode gpace is
in a state of guasi-equilibrium, It is shown that this state is a gonseguence
of the ambipolar diffusion equation for a variety of ionization and recombina-
tlon mechanisms. In Section 3, output current characteristics are derived
according to the formalism of Part I (3). 1In Sectlon 4, the electron density
and temperature profiles and the ouﬁput current characteristics derived in
Sections 2 and 3 are compared with existing experimental data. Agreement
between theoretical and experimental results 18 established. The major conclu-
sions of the analysis are summarized in Section 5.

The nomenclature of Part I (3) is applicable. Only symbols not appearing
in Part I are defined herein.

2. Plasma Analysis

R

2.1 Plasma Transpori Eguations

A set of transport equations for plasmds in the interelectrode space of
cesium thermionic converters is derived elsewhere (3,4). This is the set of
Egs. 1 in reference 3 and it is not repeated. Only the source term 8§ and the
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energy transfer Lerm Qe are derived ror a multl-stdpe LUnlzatlon pIEcess.

2.2 Source and Energy Transfer Terms 3

It is assumed that atomic ions are formed from excited states of cesium
through a general multl-stage lonizatlon process, and destroyed through the
inverse of the lonization process, i.e. through three-body recombination (5).
Thus, the net rate of charged particle palrs produced per unit volume at posi-
tion x of the plasma is given by the relation:

300 = 2 [Rie(x) = Ree(x)] - (1)

where Riq(x) and Rrs(x) are the rates of lonization from and recombination in-

to excited state s, respectively. The subscript '8 is a running index for
excited state s and does not necessarily correspond to any of the quantum
numbers associated with that state. The grouhd state is denoted by s=o.

The rate of ionization from excited state s is gilven by the relation:
= 3 ~
R, (x) = N%[fe(x,ae)vecis(ve)d v, (2)

where N is the density, djs(v ) is the ionization cross-sectiocn, fe(x,ﬁe) is

the eleﬂtron distribution function and Ve is the electron speed. For nedr-

~

Maxwellian distributions of the form derlved in reference 4, Eg. 2 reduces to:

Ris{%) = N_ ne o is(l )exp[j ev, /kT ] (3)
whetre Ge is the average electron speed, Vis is the ionization potential, and
A . .
Ois{Te) is an effective ionizatlion croass-section defined by the relation:

. ' 5 .

0 ev, m_v eV,
n . is e e is
= -+ 4 —_ wz f B pr—manl. Barr——e]

ois(Te} .j;(z - )Gis(ve)ezp( z)dz for z 2T, T ET,

If the excited state s is iIn thermodynamic equilibrium with the free elec-
trons, Lhen:

e m P32 . | 1
(10, foog ) (2w T /7)) /2N exp(~eV, /KT) (4)
whéfe*tds is the statistical weight. Combination of Egs. 3 and 4 and use of

the principle of deftailed balance (5) yields that the rate of three-body re-
combination into exclted state & is gilven by the relation:

- v . 2i=3/20 .
nrs(x) = (e /e }(2m KT /b)) 3//veGiS(Te)n2 . (5)
It follows from Xgs. 1, 3 and 5 that:
3 -
8(x) = wyn,-B.n; , (2)
J. =NT 8 (T_)exp(~ev, /kT_) [+ = Py (T, )/ 0, (T,)
3 o e *o ;o ws lS 0 10 e’l”’?

s 2\-3/2n A )
= {2mm KT _/h") Vg sio WSGiS(Te)ﬁbO .

The lactor tys iz the ratio of the density of state s to thst which would

exist i the plasma were in local thermodynamic equilibrium at the same neutral
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particle derisity and electron temperature. 1In olher words:
wy = (abﬁvs)(NS/NO)eXp[?(ViO—ViS)/kTe] .

Note that although the form of Eq. 6 is valid for genersl multistage ionization
and recombination processes, the guantities vﬁ and Br depend strongly upon
which excited states participate in these processes. Values of v, and gr for

specific mechanisms arc glven by others (1,5). TFor the purposzes of this study,
however, yi and Br are left as unspecified functions of the electron tempera-

furc only. This ig equivalent to assuming that the ratios ?S a~e insensgitive
te plasma variables other than Te'

The electron kilnetic energy transfer term Qe is given by the relation:
Qe(x) = eViOS(x) = ViodJi/dx = ViodJe/dx s (7)

if it is assumed that energy transfer is primarily assoclated with the loniza-
tion and recombination processes. ’

2.3 Ambipolar Diffusion Equation

The ion and electron current differentlal egquatilons {Egs. 1-z, ¢ 2nd d,
reference 3) can be reduced to an ambipolar diffusion equation by assuming that
ne==ni. Thus, to a good approximation, 1t is fcocund that:

dn
Sp ZCy.y.pn - no ‘
- dx(Da dx >’"yine Bpng (2)
where the ambipolar diffusion coefflcient D, = uik(Ti+Te)/e.
Although, in general, the electron temperature and hence the parameters
Da’ vi and Br are not constant, it 1s of interest to conslder the solutions of

Eg. 8 for the special case of a uniform electron temperature. To this end,
when Te is independent of x, Eg. 8 may be written 1in the dimensionless form:

2

2 n V. p.d

QY | 821wl . v = B [ S S Y- -3
= Y(J-Y):Y— 3 n =3 3 = = ; 60 = ‘ (9)

d?e _ neq € Br j de Da

where de is the effective plasma thickriegs including extrapolation lengths, and

neq is the quasi-equilibrium solution in the absence of diffuslon. he solu=-

tions of Eq. § are Jacobl elliptic functions {6). Subject tc the boundary
conditions that y=0 at the extrapolated boundaries, these solutions are shown

in Fig., 1. Several important features of the solutions are evident from the
figure,

a) For &< T the only solution is y=0. Physically this implies that insuff-
leient ions are produced by volume ionization to sustain a plasma.

t) The condition é=r may be interpreted as an ignition criterion which de-
fines the minimum electron temperaiture, the ighition temperature, necessary to
eatablish a self-sustalned plasma.

c) For & Z 7 non-trivial solutions exist, Note that an increase of & by
less than an order of magnitude above 7 leads to solutions which are ye=1
(n%"npq) virtually throughout the entire thickness of the plasma. Since & de-

pends exponentislly on Te’ the transition from the diffusion dominated solutiocon

{y=0) to the ionization-recombination dominated solution (y¥ 1) is stimulated
by a very slight lncrease, of the order of a few hundred degrees, of the elec-
tron temperature above the ignition temperature.

d) The values ol the ignition temperature and neq depend on the cesium
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pressure, the plasma thlckness and the ionization-recombination mechanisms,
However, the exlstence of the ignition temperature and the rapid transiticn to

neq_as the electron temperature 1s increased are properties of Eg. 9 for all

milti-stage lonization-recombination mechanisms. The importance of this conclu-
sion is that serious errors may be introduced if recombination is neglected.

For example, the "catastrophe" which appears in many thermionic converter rlasma
analyses if a criticsl pressure-spacing product 1s exceeded (7,8) can be direct-
1y attributed to the omission of recombination.

Similar results are derived for boundary conditions which account for surface
ionlzation. :

2.4 Quasi-Equilibrium Plasma Hypothesis

The analysis for uhiform T may be extended to cesium plasmas with non-

uniform electron temperature, Quasi-equilibrium would then mean that most of
the plasma is lonization-recombination dominated and that there i1s a local re-
lation between electron density and temperature at each point in the plssma.
This relation is:

2 z = 2,3/2 7
ng = ngy = Vi/B, = vo(T,)(2m jr_/n?) Noexp[-evio/kTe_] , (10)
A - A
W o, (T.) w o. (7 )
Lf.)i(Te) :E+ z Lpsﬁg’fs—ej/[l o2 TCS—K}E"“E'
£>0 0 ciO(Te) S»0 © Uio(Te)~

if the plasma is in local thermodynamic egquilibrium with the temperature Te(x)
lee. Y = 1, then Eq. 10 is identical with the Saha equation and Y1) = 1.

If some excited states are depleted because, say, of radiative decay, then

%%(Te) <1 and the quasi-equilibrium density is smaller than that given by the

3aha equation.

It is postulated that Eq. 10 is valid for cesium plasmas existing in the
interelectrode space of thermionic converteirs operating in the ignited mode.
The Tactor q)e(Te) i1s lef't unspecified but it is recognized as a weak function
ol T .

e

An equation similar in form to Eg, 10 is derived in reference 2 for a two-
step molecular lon production mechanism. Specifically:

! -l f |
n, = 3.45 x 10 NOTS/”Ti/ expl:-ES_/kTe] , (11)

wbere E, is the excitation energy of the 6P-staste of cesium and Ta(oK) is the

background gas temperature, Consequently, Eg. 10 is formally valid for molec-
ular as well as multi-stage atomic lon formation processes,

~

2.5 Solution of the Plasma Transport Equations

Eguaticen 10 provides the basis for an approximate solutiocn of the plasma
trangport equations with reference to a thermionie cenverter, To this end,
differentiation of Eg. 10 yields:.

a(fn n,) [d(}/ny)e) 5, eVio:|>>l
a{/n T ) i

+
d (/nT-e ) I QKT-e

Also, since Ji/Jeﬁlui/ue<<]* the output current density J = constant = J ~J
b Je and, affer some algebra, the trahsport equations yield:
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el ar
pe - G2, Tyle , 1lp e ' o
E ax (2-%—1{(‘2) e +J(°LPedx)] ' (13)
The meaning of Egs. 12 and 13 is that Ifractional changes in the electron temp-
erature snd the electrical potential of the plasma are much smaller than those
in electron density. Thus, neglect of the potentisl and temperature gredients
in Eq. 1l-¢ of reference results In the relation:

iJ;?-+f‘J +RJ =0 ; g=x/d ; € =edpod/T, ; R = el a/mukr  (14)
dz V1% e” poy=x/a s by o= oedpy e e T GV AR,

It is consistent with this approximation to write Tea:T = T in solving Eq.

pr=
eo ed
14, Note thot C1 is & measure of the resistive losses due %o coulomb collis-
ions and R@ is 2 mesgure of the interelectrode gpscing measured in electron-
neutral mean free paths. If the electron-neutrzl elastic collisions are treat-

ad 28 hsrd sphere collisions, R_ = (3/A)Nodend, where Oon is the electron-
neutral herd sphere effective choss Sectlon,

The only boundary conditiong necessary for the golution of Eg. 14 are
those at the ccllector sheath. For = sheath of the type postulated in Part I
(3) the electron current and energy balances acrcss the sheath yield:

) - (15)

Thug, the solution of Eg. 14 is given by the relation:

kT
o (& o T y_led - L
Vog = (2 : hed) e and J_, = Jexp(2 + k

5 = (0, + q)exp[cl(l - g)] "5, ¢ s exp["e' + Kegq (26)

If coulomb resistive losses zre negligible, i.e. C, << 1, Eq. 16 reduces to the
gsimple linear form:

T R F) - (36e)

Egs. 10 end 16 or 16z give the electron density and temperature pfofiles across
the plasma. '

The emititer sheath potential VFq is found from the current balahce scross
the emitter sheath. Thus: »~

Vgy = (kT /e}¢n(d, /(35-7)) (17)

A conservatlve estimate for the emlitter sheath polarity to be as szssumed in
Part I (3) is given by the relation:

J/Ig 2 1/('1+02+Re) . (18)

8lnce usually C,>2 (see Section 4) and R, is much greater than unity for the

present épllisional analysis to be applicéble, Ineq. 18 is satisfied over a
broad range of output current densitiles.

Two points regarding the implications and valildity of the preceding analy-
slis deserve special emphasis. First, Lgs. 14 through 18 are cnly implicitly
dependent upon the cuasi-equllibrium plssma assumption, They do not contain
explicitly any parameters relating to the volume ijonization angd recombination
processes. Thus, the electron density profile does not yield information con-
cerning these processes. Such information may be obtained from measurements of
the state of quasi-equilibrium itself (see Section 4). Second the analysis may
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fail near the plasma boundaries. Both the gquasi-equilibrium p)easms asgumptlon
and the spproximations introduced in obtalning Eq. 14 are of guestionable
validity in the vicinity of "the boundsries.

3. Output Current Chzracteristics

If small electron temperature gradients in the plasmz sre neplected and
the density and random current density profiles are as computed in Section 2,
Eq. 12 of Part I {3) for the output current characteristics becomes: -

J ' R r N (V_-V)/(V_~V+0.5V, )

K e : o} o] ic
-5 = 1+ [kl +—Er7f—)expcl - ET{%_J[EJE—J)/JI (19)

L 172 17e

- 243/4 1/2
3= P (T ) (2mkr  /n®)> el N/Cue
Note that Jl is a weak function of Teo'

An excellent approximation to Eg. 19 ig glven by the relastion:

J R, R , (Vv -v)}/(V_.~-v+0.5V, )

b e = o] o] io .
+= =1+ \:(1 + Clcz)expcl 0102] (JE/J:L) (19z)

Indeed, both for'V<<‘VO, i.e. JtzJE, and V:Vo Egs. 19 and 19a are identical

while In the intermedlate voltage range the maximum over-estimation in J give:
by Eq. 19a i less than about 10% that given by Egq. 19. A further simplifica-
tion of Eg. 19 obtains when coulomb resistive losses are small (Cl<< 1).
Specilfically:

(vc~v)/(vo—v+o. 5Vio)

1l ~ 3 1 1
E B . ®
where D:CEd/Re .
When Eg. 19b 1s applicable and the input parameters JE’ D, Vo-and J1 are

known, this equation may be used to predict output current charscteristiecs, It
ig reedlly concluded that the characteristics are primerily sensitive to errors
in JE’ D and VO but not very sensitlve £o errcrs in Jl' The reason l1lg that:

- 43 - AT . &y
a7 Ll—A(l—B) = (1—B)|'a—%—ﬁ a2 AJ—_ll + E(I—A)d-{}n(Jl/JE)V-—Q-] (20)
E . io

I

where A = (meV)/(VO—V + O‘5Vio)’ B=J/JE, and in the region of useful output
power operation A€< 1 and B4 1.

On the other hand, if Eg. 19t is applicable snd an estimate of J, is
computed, but the remaining input parameters are not known, this equ%tion pro-
vides a systematic procedure for the determination of the parameters from ex-

perimentel data. Specifically, plots of 1/J vs d for fixed cesium pressure
Peg and verious fixed output voltages, established from a vasriable spacing

Erhermionic converter, should yield straight lines with a common Intercept at
the point @ = -D and l/J=1/JE. Thus, Jp @nd D can be determined and the

emitter work function ﬁﬁ and Gen/CE follow. 1In addltion, if the slope of the
1/7 vs d lines is denoted by m, then:
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z = —;én(mJED)ﬁéﬁ{mJlD) = 2V -V)/V, (21}

A plot of z vs QV/ViO should yield 2 straight line with 2 slope egual to minus
unity. The intercept of this line =zt z=o yields the contact potentisl VO ang,
hence, the collector work-function ﬁc.

Unf'ortunately, Sthe zbove procedure is difficult to implement sccurately
in practice. The reason ie that the 1/J vs d plots (see Section 4) provide
good estimates of J, and m, with = 10% error, but very poor estlimantes of D,

with an error which may be up te several hundred pér cent. Such poor estimstes
of D do not only result in poor estimastes cen/C2 but alzo in an impractical es-

timate of V (see Eg. 21). To avoid this difflculty, it is recommended thaot

only two out of the three unknown varameters be derived from experimental plots
o' this type. For example, if D 1&g lndependently and acceurately xnown Lhen Eg,
21 can be used £ determine Vg. Cn the other rand, if ﬂc is independently

known, 1t is convenient to reéwrite Eg. 21 in the form:
(v -7)/(V -v+0.57, )

(
. 2la is thet given mJE and ﬁE from the 1/J ve d zlots and giv

t
. : - TSI SV
en QC, tren a plet of mJE ve (J./J )(VO v)/(IO I+O'Dmio) shouldrbe 2 stralight
o

i
Iine with 2 slope equal to 1/D. Such & plot yields an zccurate value of D

4, Comparisons with Expermental Data

I,

4.1 Vzlidity of the fuasi-Equilibrium Plasme Hypothesis

Simulteneous spectroscopic measurements of the electron denslty and temper-
atureé profiles in thermionic converters under collision dominated opersting
conditiong have been reported by Reichelt (2). The dats are shown in Fig, 2

for three different cesium pressures, Also shown in Flg. 2 ere thres theorefi-
cal curves corresponding to Sahe-equilibrium (Eq. 10 with ?%(Te):l), to mole-

cular lon equilibrium (Eg. 11), and to the egquilibrium relztion for a single
step lonlzation procese basged upon values of)/i and BP given in references 1
and b, respectively.

Agsumling Reichelt's meagurements are accurabte, several conclusions zre
fortheoming from Flg. 2. First, the data indicste that the interelectrode
plasma ig in a state of quasi-equilibrium, Second, this state is very clode
to complete Ssha-equilibrium at the local electron temperature, i.e.1Pe(Te)hl.

Since recombinction in cesium osceurs mbost rapidly into the higher excited _
stetes (5), this result implies that the higher exc¢ited ststes also participate
in the ionization process. Thus, it mey be inferred thet the dominsnt fonilza-
tion-recombinatlion process is 2 multi-stage one, invelving numerous exclted

states and leading to the formation of atomic cesium ions.

It should be emphasized that the preceding conclusions depend strongly on
the accurascy of the measured electron temperatures. For example, a 15% in-
crease in these temperatures would indicate a state of guesi-equilibrium con-
giderably below the Sshaz limit for stomic ions.

4.2 Electron Rendom Current Density Profiles

Experimental electron randecm current dengity profiles may be obtained from
the messurements reported by Reichelt (3). Typical results are shown in Fig.
3. The results zre substantially scattered. Nevertheless, they indicate a
linear relstion between Jr/J and x/d and suggest that coulomb resistive losses
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are smpll so that Eq. 16a is appiilcable. Thue, values of R, and C2 may be

determined from ¢he slope and the intercept at x/d=1 or straipht llnes drown
through the datz points. Becouse of the large scotter of the data only two
bounding lines for each cesium pressure are shown in IMgs. 3a through c¢. Tne
corresponding values of Re and Cg are also shown on each figure. Vaolues of

Oan and kgd computed from the Limiting sets of values of He and C, are given in
- fa

Tsble 1. In computing Ton the background gas temperature is assumed equal to

the linear average of the electrode temperatures.

Table 1

Electron-neutral Cross 8Section and Thermal Diffusion Ratio
Determined from Figure 3

Figure pcq(torr) cen(Ae) kzd
3-a 0.9 760~1500 1.7-2.3
3-& 1.8 520-890 0.2-1.6
3-c 3.6 260-360 0.6-1.7

The derived values of Sen should be compared with those obtained {rom inde-
pendent cross section or mobility megsurements, i.e. Ten = 100-1000 A%, and tre
R : 2 s . .
recommended value o = 400A" (10). The ressons for the systematic varistion

in the values in Table 1 a2re not understood. Possible contributing factors are:
(2) the dependence of the électron mobility on the clectron temperature; (b)
colilisicnal heating of the cesium gas; (¢) lnaccuracies in the experimental
data. It should be nointed out thszt Inclusion of coulomb collision effects,
t.e. use of Eg. 16 for the correlation of the random current density prorfiles,
does not improve the agreement between theory and experiment.

(233

The derived values of k;d are realistic for typlesl elastic collision laws
m
, - . T . : . -
(4). & theoretical estimate of ked 1s not attempted here. Sufiilce it to say
X . - T . - 5
that 2 renge of valiues ked = 0.2-2.3, corresponding to 09:2-¢6, ig an accep-
table result. -

4,3 Output Current Chsracteristics

Flgure L4 shows experimental 1/J ve d plots for three sets of cutput current
teristlcs reported in reference 1. Note that for each cegium pressure
ta beheve as nredieted by Hg. 19b.  Values of JE and ﬁw determined Trom
o ore given In Table 2. Although crude estimabes of D may £iso be in-
rom Fig, 4 it is better to use the procedure suggested by Eg. 21b for
0

(VO-V)/_(VO—WO. 5V, 6 )

Figure 5 presents plots of mdy ve (J./T, Tor the dabte
) -

1 a7 = K - et % . - SR - O - LU
shown In Fig. 4. In ev luating J, 1s 1t assumed thet T, , = 25007K, q%(1eo;=l,
and C.=5%, reecognizing the Ingengitivity of the rosults to these values. The

o
velues of the collector work-function are tzken From reference 1 and they are
sth.own in Teble 2. Note that the dnta in Fig, 5 do indeed fz2l1l on straight
lines =g predicted by kg, 19b. Valucs of D sng Uen/Cﬁ determined Trom the

slopes of these lines arc glvean in Table 2,
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Tsable 2

Converter Paramcters Determined from Fipgures 5 and 6

pog (torr) JE(a/cm?} grlev) #olev) v (ev)  D(mi1) den/cpmg)

0,88 4,08 2,85 1.85 1.00 ~,18 350
2,05 20.0 2.560 1.90 0.70 1.00 300
4. 30 62.5 2.3 1.88 0.55 0.50 310

The derived emitter work-functions are in good apreement {+0,1 ev) with
values obtained in independent emission studies (11). Aleo, the values obtain-
ed for the ratio Uen/cq are consistent with the vazlues of Oy, and C, obtained

from the analysis of clectron rdndom current density profiles {see Section 4.2).
It should be pointed out, however, that ocutvut current characteristics do not
provide adeguate information for the individusl determination of Ty ang CP‘

The insensitivity of the output current characteristics to the parameter
f{é(Teo) which characterizes the volume ionization-recombinstion processes 1s

illustrated in Fig. €. The solid curve 1g one of the experiméntal output
current characteristics reported in reference 1. The dashed curves are the
theoretical predictions obtained by means of Eg. 19b for ¥ (T ) - 1.0 and

y'e(TeO) = 0.1 and valueg of the other parameters as listed®in®Pable 2 for Prg
= 2.25 torr, It 1g clear that an order of magnltude change in‘fe(Teo} results

in a small change in the output current characteristics.

It should also be noted that the theoretical and experimental output currenc
chrracteristics in Fig, © are in excellent agreement throughout the range of
ignited mode operation. The theoretical analysis fails only in the vicinity
ol transition into the extinguished mode of operation. This agreement is con-
sistent with Ineq. 18 and indilcates that the thermionic converter does not
enter an "obstructed” mode of operation (1) even though the emigsion is consid-
erably electron-rich under the operating conditions described in Fig. 6,
Although this conclusion does not discount the possibility for the existence of
an obstructed mode under certain operating conditions, it does indicate that
such a mode 18 by no means a universal feature of thermionic converter output
current characteristics.

5. Coneclusions

In low energy plasmas wlth many ccllisions and in which the ionization-
recombination mechanisms are of the multi-stage type, a state of guasi-equilib-
rium exiats throughout most of the plasma provided thet the electron temperszture
18 a few bundred degrees higher than the ignition temperature. Serious concep-
tual errors may result il the recombination process is neglected.

The assumption of quasi-equilibrium in the interelectrode plasma ol a
thermionic converter operating in the ignited mode leads to a plasma model
which correlates a wide variety of experimental data. Inciuded in the success-
ful correlations are electron random current density and temperature profiles
as well as outpul current characteristics, The correlation constants are in
satisfactory agreement with theoretical values and independent measurements,

The experimentally -observed state of guasi-eguilibrium in thermionic con-
verter plasmas indicates that these plasmas are very nearly in a state of
local Saha equilibrium throughout. This suggests that the ionization-recombina-
tion process is a multi-stage one involving numerous excited states and leading
to the formaticn of atomic cesium ilons.

Electron density profiles, as well as output current characteristics, are
extremely insensitive to the specific ionization-recomblination processes, and
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consequently ylela little iniormation relating to thege processes.

The ignjited modé can be deséribed without dividing it into obstructed and

gaturation modes.

10.

11.
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