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Abstract – On the basis of the balance of charged 

particles in the positive column of the gas discharge 

plasma the expression allowing calculating negative 

anode potential drop is obtained. It is accepted that 

electrons have Maxwellian velocity distribution, im-

posed on the motion directed towards the anode. 

Limits of the possible values of the negative anode 

potential drop in gas discharge are determined. The 

dependence of this quantity on the gas pressure is 

calculated. Qualitative agreement of computational 

results with the experiment is obtained. 

1. Introduction 

The plasma electroconductivity is provided mainly by 
electrons in gas discharges of direct current, because 
their mobility is by some orders of magnitude greater 
than the ion mobility. Electrons are involved in the 
random heat motion, besides they obtain directed ve-
locity under the influence of the electric field and dif-
fusion under these conditions [1]. The electron motion 
directed towards the anode distorts the equilibrium 
(Maxwellian) velocity distribution of the electrons. 
Usually this distortion is neglected if the average ve-
locity of the random motion exceeds considerably the 
directed velocity. However, it can be a crude ap-
proximation under some conditions, for example in 
low pressure gas discharge. The authors of the well-
known experimental paper [2], in which anode area in 
gas discharge of low pressure is investigated, indicate 
it.  

The influence of the electron motion directed to-

wards the anode on the value of the negative anode 

potential drop is considered in the present paper. It is a 

topical issue not only for general theory of gas dis-

charge. The value of negative anode potential drop is 

to be taken into account in the sources of charged par-

ticles in the organization of electron and ion emission 

from gas discharge plasma through the emission elec-

trode, which has an anode potential [3–5]. 

The theory of Langmuir and Mott-Smith [6, 7] is 

the most prevalent now. According to this theory the 
plasma electrons have equilibrium (Maxwellian) ve-

locity distribution. Under certain conditions the cha-

otic current density of electrons je can be greater than 

the discharge current density ja on the anode, which is 

determined by parameters of whole circuit. In this 

case, the anode obtains a negative potential relative to 

plasma during the establishment of the current. The 

value of negative anode potential drop Ua can be de-

termined as retarding field for electrons. This field 

decreases the current density according to Boltzmann 

law from je to ja: 

 ln=
e e

a

a

kT j
U

e j
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where e is the electron charge, k is the Boltzmann's 

constant, Te is the electron temperature. 
Absence of the directed motion of plasma elec-

trons, which is accepted in this theory, contradicts the 
continuity equation. In accord with the continuity 
equation the anode current density must equal the di-
rected current density in gas discharge plasma, i.e. 
ja  = env0, where n and v0 are the concentration and 
velocity of directed motion of electrons in plasma. 

In foregoing paper [2], experimental data have 
been found at plasma parameters measurement, which 
we consider as a typical manifestation of directed 
electron motion in plasma. First of all, the saturation 
current density of electrons on the plane probe facing 
the cathode exceeds considerably a similar parameter 
of the probe facing the anode. 

Secondly, the slope of the current-voltage charac-

teristic of the plane depends on its orientation. The 

authors [2] interpret the difference of electron tem-
peratures, which were determined on the probe char-

acteristic slope at its different orientations as the dis-

torts of Maxwellian distribution, which is caused by 

the leaving of electrons to the anode. We explain the 

different slope of the probe characteristics by the di-

rected motion of plasma electrons. It is indicated in 

[8], that the presence of directed electron motion has 

practically no influence on the linearity of the se-

milogarithmic probe characteristics, under compara-

tively small velocity (v0/〈v〉 ≤ 0.25, where 〈v〉 is the 
arithmetical mean velocity of electron random mo-

tion). However, the slope of characteristic corresponds 
with a higher electron temperature than at the Max-

wellian distribution if the probe faces the cathode. In 

addition, the slope corresponds with a lower electron 

temperature than at the Maxwellian distribution if the 

probe faces the anode.  

Thirdly, the electron concentration decreases near 

the anode under either of the signs of the anode poten-

tial drop. However, the concentration increases by 10–

20% in comparison with the concentration in the posi-

tive column before the decrease if the anode potential 
drop is negative. It does not take place at positive an-

ode potential drop. The average energy of directed 
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motion, which electrons obtain in the field of the posi-

tive column, does not exceed 0.4 eV in experimental 

conditions [2], according to our estimation. Electrons 

lose the directed velocity completely if negative anode 

potential drop equals or exceeds 0.4 eV. The result of 

it is increase of electron concentration. In this case, 

electron transfer is carried out by means of diffusion 

in the anode area. 

2. Negative anode potential drop calculation 

Negative anode potential drop Ua is that regulator 
which keeps the balance of charged particles, formed 

in the quasi-neutral plasma of positive column and 

leaving it. In view of the equality of cathode and an-

ode currents, this balance can be written as 

 (1 )+ = − + −ρ
ic ec ia ea
I I I I , (2) 

where Iec and Iea are the currents of the electrons, 
penetrating into the plasma from the cathode and leav-

ing plasma for the anode; Iic and Iia are the ion currents 

leaving plasma for the cathode and anode; ρ is the 
electron reflection coefficient from the anode. 

Introduce the notation 

 = η
ec ic
I I  (3) 

and write ion currents: 
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where na and nc are the concentrations of plasma near 

the anode and cathode, Tea and Tec are the tempera-

tures of plasma electrons near the anode and cathode, 

M is the ion mass, Sc and Sa are the cross-sectional 

areas of the positive column near the cathode and an-

ode. In the present paper, it is accepted that electrons 

in the plasma of the positive column have Maxwellian 

velocity distribution, imposed on the motion directed 
towards the anode with the mean drift speed v0. As it 

is indicated in [8, 9], at such velocity distribution  
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4 2
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Substitute (3)–(8) in (2): 
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For plane-parallel geometry of discharge gap 

(Sa = Sc) and homogeneous distribution of plasma pa-

rameters on a positive column of the discharge  

(na = nc, Teа,= Tec= Te)  
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By analogy with [1] introduce the relative value 

 
0

δ = v v , (11) 

which is termed the electron motion directivity; in this 
case, the balance of charged particles for the discharge 
plasma can be presented in dimensionless form as 
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where m is the electron mass. 
The analysis of equation (12) showed that the in-

crease of the electron motion directivity δ and the de-

crease of the value η result in the monotonic increase 
of the relative value of the negative anode potential 
drop eUa/(kTe). This tendency is clear, because the 

increase of the directivity δ corresponds to the in-
crease of the electron direct motion energy. The de-

crease of the value η corresponds to the electron con-
centration increase. The negative anode potential drop 
must increase under these conditions in order to keep 
the value of the discharge current.  

Limits of the possible values of eUa/(kTe) in the 
gas discharge are shown in Fig. 1. These limits are 
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Fig. 1. The calculation results of the limit value of the nega-

tive anode potential drop. ρ = 0.2; η = 0 (1–4), η = (М/m)1/2 
(5). The plasma-forming gas: 1 – Hg; 2 – Ar; 3 – N2; 4 – He 

determined by the minimum and the maximum value 

of η. In the glow discharge with the cold cathode the 

value of η is equal to the ion-electron emission coeffi-

cient γ. If the discharge voltage is several hundreds of 

volts then γ ∼ 0.1. It seems possible to consider η = 0 
in the limit. In this case, the maximum values of the 

negative anode potential drop depend on the kind of 

the plasma-forming gas (lines 1–4 in Fig. 1). 
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The value η is maximum in the discharge with 
thermionic cathode, functioning in the regime of space 

charge limited current when η can reach the value 
(М/m)1/2 [10]. In this case, values of the negative an-
ode potential drop are minimum (line 5 in Fig. 1) and 
they practically do not depend on the kind of the 
plasma-forming gas. 

It is interesting to note that the anode potential 

drop is negative only when the value δ exceeds critical 

value δс. The critical value δс depends on the reflec-
tion coefficient of the plasma electrons from the anode 

ρ. The value ρ is equal to 0.15–0.20 for Ni, Cu, and 

Mo according to [11, 12] and the value ρ = 0.28 for is 

received Ni in [13]. The value δс = 0.322 for ρ = 0.2, 
taken in this paper (lines 5 in Fig. 1). The value 

δс = 0.187 for ρ = 0 in accord with the calculation. 
The anode potential drop can be only positive if 

δ < δс and η = (М/m)1/2. For smaller values η it can be 
both positive and negative depending on the value of 

δ, η and the kind of the plasma-forming gas. 

3. Comparison of the calculation results with  

the experiment  

In the well-known experimental paper [2] the anode 
potential drop as a function of the plasma-forming gas 
pressure (mercury vapor) is investigated under the 
invariability of the discharge current. The anode po-
tential drop remained negative in the whole investiga-
tion range of the gas pressure in the case when the 
anode was plane and the discharge current did not 
exceed 3 A. The theory of Longmuir and Mott-Smith, 
which did not take into account the direct motion of 
plasma electrons, could not explain the nonmonotonic 
character of these experimental dependences. 

By means of equation (12) we have calculated the 
relative value of the anode potential drop eUa/(kTe) as 

a function of the gas pressure p. The values Te, δ, and 

η which are necessary for the calculation have been 
determined by the results of the plasma parameter 
measurements for the same discharge. These results 
were indicated in [11, 12]. 

The results of calculation are shown in Fig. 2 for 
discharge current 10 A. The nonmonotonic character 
of the calculation dependence (curve 1) and experi-
mental dependence (dots) is explained by the influ-
ence of two opposite tendencies. As the gas pressure 

increases, the directivity δ decreases and therefore the 
energy of the electron directed motion decreases too. 
As indicated above, it causes the decrease of the nega-
tive anode potential drop. On the other hand, the in-
crease of the pressure causes the increase of the elec-

tron concentration (value η decreases) and the in-
crease of the negative anode potential drop. The first 

tendency prevails if p < 5 ⋅ 10–3 mm Hg. The second 

tendency prevails if p > 10–2 mm Hg. The calculation 
dependence becomes monotonic (curve 2 in Fig. 2) 
without taking directed motion of plasma electrons 

into account (δ = 0). 

The qualitative agreement of the calculation and 

experiment results indicates that the suggested model 

correctly considers the influence of the electron di-

rected motion on the value of the negative anode po-

tential drop. In addition, it is necessary to consider the 

features of the specific discharge system, in particular 

the space distribution of the plasma parameters for the 

quantitative agreement of the calculation and experi-

ment results. 
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Fig. 2. Negative anode potential drop as a function of gas 
pressure. The diameter of the discharge tube is 32 mm [2], 
the plasma-forming gas is Hg, the discharge current is 10 A. 
Curve 1 takes electron directed motion into account, curve 2 
does not take electron directed motion into account.  
  Experimental results [2] are indicated by dots 
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