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A selfconsistent solution with respect to both free and bound electron energy states is presented 
for a low temperature monatomic plasma. The deviations from a Maxwellian electron distribution 
under the action of unbalanced resonance transitions of the plasma atoms are incorporated in 
analytical form using a recursion formula, which links the high energy tail of the electron distribu-
tion function to its low energy part. The unbalance of the resonance level may be due to diffusion 
processes and/or radiation escape, which reflect the influence of the plasma boundaries. The 
population densities of the bound electron energy states are numerically determined by an iteration 
procedure. The calculations were performed for a cesium plasma both without and with con-
sideration of resonance level diffusion and ambipolar diffusion. As is to be expected, the effect of a 
disturbance of the electron distribution on the population densities increases with decreasing elec-
tron density and increasing electron temperature. 

I. Introduction 

The theory of nonequilibrium population den-
sities in low temperature monatomic plasmas is 
usually treated on the basis of a Maxwellian elec-
tron distribution [see, for instance, 1 - 4 ] . There are 
a few attempts to take into account departures from 
the Maxwellian electron distribution when calcu-
lating departures from the Boltzmann distribution 
of atomic energy levels due to radiation escape and 
particle diffusion. In these calculations the kinetic 
equation for the isotropic part of the electron distri-
bution function is either numerically integrated 5 - 7 

or analytically solved for a rather limited energy 
range including the resonance excitation energy 8 _ 1 2 . 

The analytical solutions generally apply to situa-
tions, in which only one unbalanced electron col-
lisional excitation process markedly influences the 
electron distribution. Such comparatively simple 
situations usually occur in low temperature hydro-
gen or alkali metal plasmas, where the main distur-
bance effect on the electron distribution results from 
the collisional unbalance of the resonance level. For 
such cases the analytical solution can be extended 
up to and even beyond the ionization energy of the 
plasma atoms without introducing a formalism, 
which would be too complicated for a numerical 
evaluation. Moreover, as has been verified by the 
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author in a previous paper 13, a recursion formula 
exists, which links the high energy tail to the low 
energy part of the electron distribution function. 

In the previous paper the study was aimed at the 
calculation of the disturbance of the electron distri-
bution in a low temperature cesium plasma due to 
a nonequilibrium population density of the cesium 
resonance level. The basic simplifications under-
lying this calculation were the decoupling of the 
resonance level from all higher levels and the treat-
ment of the electron density as a free parameter. 

In this paper we drop the weak coupling assump-
tion for the resonance level in order to perform a 
selfconsistent calculation with respect to both free 
and bound electron energy states in a low tempera-
ture cesium plasma. 

In contrast to the weak coupling case the self-
consistent calculation does not yield an analytical 
solution to both the electron distribution and the 
resonance level population. Rather the resonance 
level population density and the electron density 
remain as parameters in the analytical solution for 
the electron distribution. Substitution of this solu-
tion into the collision integrals for inelastic electron-
atom collisions transforms the particle balance 
equations into a system of coupled nonlinear equa-
tions, which can be numerically solved by an itera-
tion method. The evaluation of these equations con-
siderably simplifies by application of the recursion 
formula for the high energy tail of the electron 
distribution function. 
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II. Model 

In our study we refer to the stationary state of a 
plasma, which is composed of electrons, atomic ions 
in their ground state, and atoms in their various 
excitation states. 

We assume that the electron distribution is 
weakly anisotropic. We further assume that the de-
viation of the isotropic part of the electron distribu-
tion from a Maxwellian distribution is essentially 
determined by unbalanced electron collisional ex-
citation and deexcitation of the resonance level. We 
thus presume that the electric field effect is limited 
to an electron temperature elevation over the com-
mon translational temperature of the heavy par-
ticles. 

We limit the consideration to electron collisional 
and radiative exeitation-deexcitation and ionization-
recombination processes as well as to resonance 
excitation diffusion and ambipolar diffusion. The 
diffusion processes are taken into account by intro-
duction of characteristic inhomogeneity lengths as 
free parameters. 

We assume that the plasma partially reabsorbs 
resonance radiation, but is completely transparent 
to nonresonance radiation. The reabsorption of 
resonance radiation is taken into account by a reso-
nance radiation escape factor as a free parameter. 

We neglect deviations of the low energy part of 
the electron distribution from a Maxwellian distri-
bution as far as the integral coefficients in the 
Fokker-Planck term for electron-electron inter-
actions, the rate coefficients for electronic three 
body and radiative recombination, and the trans-
lational energy exchange between electrons and 
heavy particles are concerned. 

The above model assumptions are valid and con-
sistent, if certain conditions are satisfied. These con-
ditions are summarized in the Appendix. 

III. Governing Equations 

According to the above plasma model the non-
equilibrium population densities of bound and free 
electron states can be derived by sole consideration 
of the particle balance equations in connection with 
the kinetic equation for the isotropic part of the 
electron distribution function. The electron energy 
balance may be added to compute the electron tem-
perature elevation for a prescribed electric field 
strength or vice versa. 

The governing equations have the following form: 

a) kinetic equation for the isotropic part of the 
electron distribution * 

v exp Y] 

7] 
[F(r])/(r])exp(-t])y + V o QtQ (rj, Vl) [a± y(r] - rtl) -y(rj)] 

+ 1 + T H ^QlliV + Vi^h) expi-rj^lyirj + rjj) -a1y(rj)]=0 (1) 

Q*Q(rj, rix) a n d ]/8 kT _/jz rrp-V*.- are respectively 
the cross section for electron collisional excitation 
of the resonance level and the electron-electron 
interaction frequency, v is defined by the relation 

9 e-
= 2 ji n _ q ln^l _ _ with q = 

and A _ _ = 

4 71 £0 k T _ 
k 12.1 

VnT 

3/2 

where the MKSA-system of units is used. 

* The indices —, + , i respectively denote electrons, atomic 
ions in their ground state, and atoms in their various 
excitation states. In particular, the index 0 signifies the 
atomic ground state. The energies of free and bound elec-
tron states are normalized to the mean thermal elec»;on 
energy, i .e. we use the variables rj = e^jk T and r\ i = 
(sj — t 0 ) /k Dashes indicate derivatives with respect 
to rj. 

The factor 

F(rj) = erf Yrj - 2 | / -^-exp( — rj) 

arises from substitution of a Maxwellian electron 
distribution into the integral coefficients of the 
Fokker-Planck collision term. 

Equation (1) has been formulated in terms of 
the normalized electron distribution function y(rj) 
= /_ (>7)/fy}(rj) and the normalized resonance level 
population density ai = n1 fn i B with 

f-(v)=n_ V exp( — rj) 
2nkT_) 

and 9i_ 
<7o 

exp ( — 

In the form of Eq. (1) the kinetic equation ex-
presses the balance between two competing effects: 
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on the one hand electron-electron interactions, 
which tend to Maxwellize the electron gas, the Max-
wellization being especially effective in the low 
energy regime, and 

on the other hand atomic resonance excitation 
and deexcitation by electron impact, which tend to 

disturb the Maxwellization, if radiation escape and/ 
or excitation diffusion disturb the adjustment of a 
Boltzmann population density of the resonance level, 
the disturbance being especially effective in the high 
energy regime. 

2 
}<i 

b) Particle balance equations for the various atomic energy levels 

iL 
9i 

N_ — exp (fH - fl}) C^ - aj 1 - 2 
v_qn-

TV- Ci-
s r 

+ + n?J V 

j>i 

fay*-yd 
exp ( — y}) d7] — 

rt 

v _ q ntrii'' 
= 0 (2) 

where rt denotes the diffusion rate of the atomic energy level i. v _ = V8 kT jji is the thermal elec-
tron velocity. 

Equation (2 ) has been formulated in terms of the normalized particle densities af = n,-/njB and /V_ 
with 

:B = n0 — exp ( — rji) and = 
9o 

2 g + ( m _ k T _ y i 2 . 

9o \ 2 n h2 

gi and g + are the statistical weigths of the excited atoms and the ions. 
The normalized collision integrals for electron collisional excitation-deexcitation and ionization-re-

combination processes are defined by the expressions 

Ci->j =/[a{y07) -ajYiy-Vi + Vi)] V 
Qli Vi - Vi 

exp ( — rj) dr] 

ct++=J_l<*iY(y) —N-] V = exp (—r])dr] 
(3) 

where Q ^ i v ^ j - f j i ) and Qt{ + (r], rj+ - fjt) are re-
spectively the excitation and ionization cross sec-
tions of the atomic energy level i. 

The radiation processes are characterized by the 
Einstein-^i-^-coefficients for spontaneous emission 
of line radiation reduced by the escape factors 

, and the radiative recombination cross sec-
tions oj. (rj, rj + - rji). 

The diffusion processes have been taken into ac-
count by the order of magnitude relation 

'Din? rt=o (4) 

where Dt = Yji k T„j8 ma and l: are respectively 
the diffusion coefficient and the characteristic in-

JKomogeneity length of the atomic energie level i. 
Xi is the mean free path for the excited atoms. The 
negative sign of the diffusion term in Eq. (2) has 

been chosen to allow for diffusion losses. In order 
to satisfy the steady state condition for the plasma 
as a whole, it is implicitely assumed that diffusion 
losses of atomic excitation levels and free electrons 
are compensated by a diffusion gain in the number 
density of the ground state atoms. 

Equation (2) describes the balance between all 
electron collisional and radiative transitions from 
and into the atomic energy level i. In particular, the 
terms in the first bracket denote electron collisional 
and radiative excitation and deexcitation of level i 
from and into levels j < i. The second bracket con-
tains corresponding terms for excitation and de-
excitation of levels j > i from and into level i. The 
next two terms determine electron collisional and 
radiative ionization and recombination from and 
into level i. The last term describes the diffusion 
loss of level i. 
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The population densities of the atomic excitation wellized, these processes being especially effective 
levels are again determined by two competing ef- in the upper part of the level scheme, and 

^ e c t s : on the other hand radiation escape and diffusion 
on the one hand electron collisional excitation- ] o s s e g ? w h i c h t e n d t 0 d i g t u r b t h e a d j u s t m e n t o f a 

deexcitation and ionization-three body recombina- Boltzmann-Saha distribution, these processes being 
tion processes, which tend to establish a Boltzmann- especially effective in the lower part of the level 
Saha distribution of the atomic energy levels at the s cheme. 
electron temperature, if the free electrons are Max-

In accordance with Eq. (2) the particle balance equation for the free electrons can be written in the 
form 

9i N-2 p— exp ( — fji) Ci-++ -N't 
i < h 9o 

CXJ 

2 f 
"o i<h j 

EL + N_ 2 2 exp ( — fji) Ci^-j | a; = ivj — A^ 2 2 T - e x p ( - f j } ) EL 
i < ij < j fJ() 

exp ( — }]) dt] 

r_ 
v _ q ni 

where the ambipolar diffusion rate is given by the order of magnitude relation 

Dal-Tr 

v _ q nln0 
= 0 

r_= o 
ii 

N_ 

(5) 

(6) 

Da^Vn kT0/2 ma (1 +T _/Ta) is the ambipolar diffusion coefficient. A + is the mean free path of the 
ions. denotes the characteristic length for spatial inhomogeneities of the macroscopic electron param-
eters. 

The index signifies the lowest atomic energy level, which within a prescribed accuracy is in Bohz-
mann-Saha equilibrium with all higher levels and the free electrons, i . e . for i ^ I'T the relation a^N-
holds. 

c) electron energy balance 

JLnUeEV =N_n*Iv_03n±-k(T_-T0)+QR+ 2 kT _ T ö + V q . (7) 
rn- 2, V -a o f - m0 0 = 1,+ 

o + - oo 
where v_„ = f n0 / rj2 Q-a{rj) e x p ( - ^ ) d rj 

o 
is the average momentum transfer collision frequency. In Eq. (7) the average energy loss due to collisional 
energy transfer between electrons and heavy particles has been formulated on the assumption of a Max-
wellian electron distribution in the low energy range. Q R denotes the radiation loss resulting from line and 
continuum radiation escape and can be calculated by the formula 

Q r = [ 2 2 a,.+ NL 2 21 n? k T_ % - rj^A^j 
i<i< >T j 

oo 
+ (N.nS-)2kT.v. 2 / F to' TN - VI) exp ( - » > ) d i ] 

i < h 0 
(8) 

where for the adopted plasma model A-t + 0 = 1 holds. 

The last two terms of Eq. (5) denote the electron 
energy losses due to diffusion and electron heat 
flux. The latter is taken into account by the order of 
magnitude relation 

7V_ nl_(kT.\z1 v q . = 0 
2 771 _ 2 V 

a 4= — 

(9 ) 

IV. Cross Sections for Inelastic Collisional-
Radiative Processes in Cesium 

Limiting the consideration to optically allowed 
transitions we approximate the electron collisional 
excitation cross sections in the threshold region by 
the formula 
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Qi (rj, V j - = S^j k T_ (fj} - rji) U ~ (Vi ~ Vi)hl 

with Sj-fj = 0.45 n q h- (10) 
kT_ (rjj — rji)3 

which follows from the distorted wave approxima-
tion 14 by an appropriate choice of the effective 
Gaunt factor. is the absorption oscillator 
strength for the transition j. For the cesium 
atom, the experimentally determined threshold slope 
of the resonance excitation cross section is So-».] 
^ 9 5 Ä 2 / ev 15, This value is smaller than the theo-
retical value by a factor of approximately 0.7 
(when using /0->i ^ 1.13 1 6 ) . 

The electron collisional ionization cross sections 
have been calculated according to Gryzinski's 
theory 17, i. e. 

QU (v>v+-Vi) 

= Cq (rjjfj + - fji) / (kT_)2 (v+ - Vi)2 , where 

( x - l V 2 q{x) = 
1 
x \:r +1 

(11) 

line broadening. For a spatially homogeneous plane 
parallel plasma slab of infinite lateral extent the 
escape factor for line radiation with a Lorentzian 
line profile can be analytically represented in terms 
of the expression 24 

ou 
l_ f T,-g (T 

2 J T2 
A) dr 

with T j - ^ i ( r A ) = I 0 
d 

exp 

(14) 

x A) 
Ö 

C is a constant, which for cesium amounts to 
6.56 10 2 Ä 2 (ev)2 . 

For ionization from the ground state a cross sec-
tion formula for the threshold region analogeous to 
that for excitation may be used, i. e. 

QT0
+ (v,v+)=s0^+kT_ij+(i-v+/v) (12) 

where for cesium the value So-»+ = 2.7 Ä2/ev can 
be deduced from experimental data 1 8 '1 9 . 

The radiative recombination cross sections for 
the lowest atomic energy levels have been used in 
the simple form 

aÄ+ (V>V+ ~Vi) =cilkT_ rj (13) 

which agrees with theoretical predictions20 '21 and 
experimental findings22 '23 concerning the threshold 
behaviour of the recombination cross sections in 
cesium. The values of the constants have been 
calculated by comparison with the theoretical data. 

V. Resonance Radiation Escape Factor 

The escape factor for resonance radiation in low 
temperature cesium plasmas with moderate ioniza-
tion degrees is essentially determined by resonance 

where and dv are respectively the reabsorption 
coefficient in the line center and the line width. 
/Q denotes the modified Bessel function of zero 
order. Estimates on the basis of Eq. (14) show that 
for cesium plasmas of linear dimensions A between 
1 0 _ 3 m and 10 _ 1 m the resonance radiation escape 
factor varies from some 10~3 down to some 1 0 - 4 . 

VI. Solution Method 

The solution of the kinetic equation for the iso-
tropic part of the electron distribution function 
proceeds as described in the previous paper by 
subdividing the electron energy range into multiples 
of the resonance excitation energy and using the 
inequality 

- l 

1 + 
fjy \ Qi0 {V + VuVi) 

VI QiAv,v i) 
exP(-T]l)<l (15) 

for all but the first subregion (0 rj The 
appearance of a term proportional to "/(rj + fj^) in 
the kinetic equation for the first subregion suggests 
an iterative solution procedure. The lowest order of 
the iterative scheme, is calculated by com-
pletely ignoring inelastic and superelastic electron 
collisions in the first subregion. The first order ap-
proximation, y ^ ( r j ) , is then determined by sub-
stitution of (v) in inelastic and superelastic 
collision terms of the first subregion. The continua-
tion of this iteration leads to a rapid convergence 
of the solution, since inelastic and superelastic col-
lision processes do not very much disturb the elec-
tron distribution in the thermal energy range, 
provided that exp ( — fj^) 1. 

Substitution of Eq. (10) for the collisional ex-
citation cross section of the resonance level yields 
an analytical solution, which in the lowest order of 
approximation and for the first two energy sub-
regions reads 
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7lW(v) = 1 + * ! (exp » 7 - 1 ) for 0 ^ rj ^ fjx , 

y„C®)(i7) = exp [ ^ A i ( f ) + K s B i ( £ ) ] (16) 

+ «i 7i(0) (V ~ Vi) for Vit^V^2 Vi • 

A i d ) and Bi(£) are Airy functions 25 of the argu-
ment f = + y-i,,(t'] - f j j ) with l / l i = 4 w h e r e 

= n0 So->i & T_ rjjvl_ (17) 

is the ratio between the inelastic electron-atom col-

lision rate and the electron-electron interaction rate. 
The integration constants Kx... K3 follow from the 
normalization condition for the electron distribu-
tion function, which implies a finite value of y (>7) 
for rj—^oo, and the continuity condition for the 
electron distribution function and its derivative. In 
particular, we have 

2 aik Kk = bi, (18) 

/here 
exp i h 

e x p ^ - A i d i ) 

e x p B i d , ) 

a2k 

I exp Vi 

- i A i C W - ^ ' A i ' ^ ) 

y - i B i t f J - V ' B i ' f o ) 

« . u ' 

a M M 
[ 2 X l Ai(|2 ) 

A i ( l o ) 
exp A i ( r ) ( r - | 1 ) A i ( r - xx/s rjx) dr 

71 A i ( £ 2 ) 

fi 

1 - a t a exp ^ - J J A i (r) (r - f B i ( t - r j j dr 

(19) 

and 

Q i ( i - q i ) 
exp ^ 

a i — 1 
0 

1 , v, ^JM I y !3 — 
2 + ^ A i ( £ 2 ) 

The expressions for the matrix and vector elements 
aik and bi are approximate in the sense that the 
conditions 

ax exp ( — <*i exp - Vi \ 
< 1 , Ai ( l 2 ) 

I rh\ Ai'(^) 
and «1 e x P ~2~) Ä i 7 ^ ) " ^ 1 

must be satisfied. 

As demonstrated in the previous paper, a simple 
recursion formula 

y ( v ) ^ O i r ( r i - V i ) ( 2 0 ) 

exists for all values rj, for which (rj — tjx) ^ 1 
holds. Since for low electron temperatures the re-
cursion formula is usually valid for it 

is sufficient to calculate the electron distribution 
function within the first two energy subregions, ac-
cording to Equation (16) . 

Substitution of the analytical solution, Eq. (16) , 
into the collision integrals of the particle balance 
equations and application of the recursion formula, 
Eq. (20 ) , leads to a system of nonlinear coupled 
equations for a ; and which are numerically 
solved by an iteration method. 

VII. Results and Discussion 

The nonequilibrium population densities of 
bound and free electron states have been numeri-
cally evaluated for the example of a cesium plasma. 
The calculations were performed for a prescribed 
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number density n0 = 10 1 5 cm~ 3 of ground state 
atoms and a translational temperature Ta= 10 3K of 
the heavy particles taking into account up to 41 
atomic energy levels, 25 of which were assumed to 
be in a nonequilibrium state. The parameters, which 
determine the departure from equilibrium, are the 
radiation escape factors and the characteristic 
lengths for excitation diffusion and ambipolar dif-
fusion. In particular, it is assumed that nonreso-
nance radiation freely escapes the plasma volume 
and nonresonance level diffusion is negligibly 
small, i .e . that A ^ j ^ o = l and h>i = 0 0 hold. 

In Fig. 1 we first compare the results n_(T_) 
as calculated with the distorted electron distribution 
function (solid lines) with those derived on the 
assumption of a Maxwellian electron distribution 
(dashed lines). The accuracy of the results as de-
termined by the number of considered atomic en-
ergy levels is indicated by the values aiT/N-. Values 
aiT/N- < 1 indicate an increase, values aiT/Nz > 1 
a decrease of the electron density with increasing 
number of atomic energy levels under consideration. 
The calculations show that the number of atomic 
energy levels used in our model becomes insuffi-
cient towards the lower brandies of the n_(T_) 
diagrams. The results are demonstrated both with-
out and with consideration of resonance level dif-
fusion and ambipolar diffusion (plots I and II, III) . 
For all cases the resonance radiation escape factor 
is assumed to be A ^ ^ = 1CP3. The characteristic 
lengths for resonance level diffusion and ambipolar 
diffusion are taken to be equal and are supposed to 
lie within the centimeter range, where small varia-
tions in the length scale induce large changes in the 
departure from Saha equilibrium, as can be seen by 
comparison between plots II and III. One observes 
that at a fixed electron density increased plasma 
losses by additional diffusion processes (or in-
creased radiation escape) weaken the Maxwelliza-
tion process through an electron temperature eleva-
tion, whereas at fixed electron temperature in-
creased plasma losses enhance the Maxwellization 
rate in the lower branches of the n_(T_) plots 
through an electron density elevation. Generally, 
the difference between solid and dashed lines in-
creases with decreasing electron density and in-
creasing electron temperature. This is, of course, a 
consequence of the lowering of the Coulomb cross 
section determining the parameter , which in turn 

together with a lowering of ax favours the distur-
bance of the electron distribution. 

s f V 

l \ 
1 

^ l \ 
1 sj.0 •— 1 \ 

a,, \ B —— 
C m H l 0 - \ B —— 
C 

l 
/ 

i / 
> i i i i i i 1 1 i i i i i 

2000 2100 2200 2300 2400 2500 2600 2700 

> T-[K] 
Fig. 1. Deviations from Saha equilibrium, on the 
assumption of a Maxwellian electron distribution, 
taking into account deviations from the Maxwellian electron 
distribution, 
parameter values: 

n 0 = 1 0 1 5 c m - 3 , r o = 103K, 
vll-*0 = 1 0 - 3 , A + 0 — 1) li > l = oo , 

ll=l- =oo (I), 2cm (II), 1 cm (III). 

The decrease of the Maxwellization rate by lower-
ing the electron density and increasing the electron 
temperature is clearly seen from Figure 2. In this 
figure the normalized electron distribution function 
y(rj) is shown for three different points (marked 
A, B, and C) on the lower branch of plot I, Fig-
ure 1. For r } ^ . 2 f ] 1 the results calculated with the 
recursion formula (dashed lines) very well agree 
with those derived from the exact analytical for-
mulae (solid lines). 

* H/li 
Fig. 2. Deviations from the Maxwellian electron distribution 
for the points A, B, and C of plot I, Fig. 1, -— recur-

sion formula, exact analytical solution. 
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The / i _ ( T _ ) functions are multivalued above 
certain critical values of the electron temperature 
and the plasma loss parameters. This ambiguity can 
be explained by the cumulative ionization mecha-
nism: for high electron densities the enhanced dif-
fusion and radiation losses can be compensated by 
an enhanced cumulative ionization, whereas for 
low electron densities, ionization preferentially from 
the ground state is sufficient to balance the de-
creased plasma losses. Moreover, with decreasing 
electron density the influence of radiative recombi-
nation increases in comparison to electronic three 
body recombination. Generally, consideration of 
diffusion processes and/or deviations from the Max-
wellian electron distribution leads to double valued 
functions n_(T_) defining a minimum electron 
temperature, below which the discharge is extin-
guished. In the diffusionfree case and for a Max-
wellian electron distribution even three different 
values of the electron density exist for each electron 
temperature within the ambiguity regime. These 
features are, of course, embedded in the mathe-
matical structure of the electron particle balance, 
Equation (5 ) . They may be graphically deduced by 
plotting a normalized difference ÖT _ between 
ionization rate and recombination-diffusion rate as 
function of JV_ at fixed values of n0 and T_ . The 
zeros of such a plot give the consistent solutions. 
Figure 3 shows, for instance, the function d T _ ( N _ ) 
for the diffusionfree case with Y1!->O = 1 0 _ 3 at 
T_ = 2500 K as well as for the diffusion case with 

= = 2 cm at T_ = 2 3 7 5 K . 

As already stated, for constant values of the elec-
tron density, departures from the Maxwellian elec-
tron distribution must increase the electron tem-
perature to balance the particle production and loss 
rates. This, in turn, lowers the line radiation loss, 
as can be deduced from Eq. (8 ) , but slightly in-
creases the recombination radiation loss and the 
collisional energy transfer of the electrons. If the 
change in the line radiation loss is the dominant 
effect, then the electric energy input must decrease 
with increasing deviations from the Maxwellian 
electron distribution. Since in the considered elec-
tron temperature range the electron momentum 
transfer collision frequency slightly decreases with 
increasing electron temperature, the lowering of the 
electric energy input is accompanied by a simulta-
neous lowering of the electric field strength. 

20 

15 

6C 

io 

5 

0 

-5 

-10 

Fig. 3. Graphical solution of the electron particle balance 
by plotting the difference 6T - (iV_) between ionization rate 
and recombination-diffusion rate, calculated examples: = 
2500 K of plot I and 7 , _ = 2 3 7 5 K of plot II, Figure 1. 

The decrease of the electric field strength under 
the action of a depletion in the high energy tail of 
the electron distribution is seen from Figure 4. The 
results are shown for the same parameter values as 
in Figure 1. As is to be expected, diffusion and heat 
conduction losses in addition to radiation escape 
increase the electric field strength. 

After having finished up this work, some experi-
mental and theoretical results26 '27 concerning the 
electron distribution in the positive column of a 
cylindrical low pressure cesium discharge came to 
the author's knowledge. The measurements, which 
have been performed for /z0 = 1 0 1 5 c m - 3 in the nar-
row energy range 1 ev < e_ < 2.5 ev indicate a 
nearly Maxwellian electron distribution for electron 
densities down to 2 • 1011 c m - 3 . For lower 
electron densities pronounced deviations from the 
Maxwellian electron distribution have been detected, 
which for very low electron densities again de-
crease — probably due to a simultaneous lowering 
of the electron temperature. Unfortunately, the un-
certainty in the experimental plasma loss param-
eters prevents an exact comparison between theory 
and experiment. This is particularly so, since an 
additional consideration of diffusion processes can 
be compensated by a simultaneous reduction of the 
radiation escape factors. As a matter of fact, even 
on the assumption of vanishing diffusion, both the 
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E Venn 

theoretical work done specifically for these experi-
ments and our theoretical results predict deviations 
from the Maxwellian electron distribution for much 
higher electron densities than n_ = 2 - 1 0 1 1 c m - 3 , if 

o = l and 10~4 . 

VIII. Appendix 

There are a number of effects, which are omitted 
from consideration in order to simplify the theo-
retical model. The validity and consistency of such 
model simplifications are established by certain 
criteria, which are summarized in Table 1. 

In these criteria Vj^ (rj) are respectively the 
energy and the momentum relaxation lengths 
for electrons of energy =kT_ rj colliding with 
particles of a Maxwellized plasma species a. and 
ot' (v,fj + —rji) are the effective deexcitation time 
and the photo-ionization cross section of the atomic 

Fig. 4. Influence of deviations from the Maxwellian electron energy level i. M o r e o v e r , Ql - et-) with £ = 
distribution on the electric field strength. Parameter values _ ; — , i . i i r „ 

as in Figure 1. V™0/4 kTa\Vi-V0\ denotes the cross section for 

Table 1. 

Neglected effects concerning the isotropic part of the 
electron distribution function validity criteria 

electron diffusion by spatial inhomogeneities and electric 
fields 

elastic electron-heavy particle collisions 

unbalanced electron collisional atomic nonresonance transi-
tions 

deviations from the Maxwellian distribution in the integrals 
of the Fokker-Planck term 

A-- (V) 
3 rji2-! 1 (V) 

eEl_ \2' 
k T. 

< 1 

2 2 - m ~ W 1 
;=t= - ma ^-<7 (»?) 
v £ 

ji<j no 
o-iy W -Oij y {rj-rtj+rji) 

<[y(rj)-a1y(rj-rj1)] QYq {rj,rjx) 

exp (—rf\])<l 

Qi. iV*VJ—Vi) 

Neglected effects concerning the atomic level population validity criteria 

nonresonance excitation diffusion Di n < 1 for i> 1 

deviations from the Maxwellian distribution 
in the recombination coefficients 
reabsorption of nonresonance line radiation 

reabsorption of recombination radiation 

inelastic atom-atom collisions 

exp { ~ V i ) < 1 
A < 1 71 dv 

nioT (rj, rj+ —rji) A < 1 
oo 

np_ -1 /8 m_ T7 f C3exp(-C2)<?• (C.ej-eOdf 
ra _ \ ma T - J 

< J V exp (—rj) (rj, rjj-rji) drj 
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the excitation transition i—> j due to inelastic co l -
l isions between excited and g r o u n d state atoms 2 8 . 

T h e cons iderat ion of a m b i p o l a r d i f fus ion in the 
electron particle ba lance is consistent with the ne-
glect of e lectron d i f fus ion in the kinetic equat ion 
f o r the i sotropic part of the electron distr ibution, if 

(rj)/Dar_ll/^a(r])<l 
a--1= — 

holds , where r _ denotes the effective recombinat i on 
time of the f ree electrons. 
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