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On the basis of fluid approximation, an improved version of the model for the description of dc glow discharge plasma in the axial
magnetic field was successfully developed. The model has yielded a set of analytic formulas for the physical quantities concerned
from the electron and ion fluids equations and Poisson equation. The calculated results satisfy the practical boundary conditions.
Results obtained from the model reveal that although the differential equations under the condition of axial magnetic field are
consistent with the differential equations without considering the magnetic field, the solution of the equations is not completely
consistent. The results show that the stronger the magnetic field, the greater the plasma density.

1. Introduction

Low pressure DC glow discharge plasma technology is app-
lied widely in many fields, like plasma etching, plasma mate-
rial surface treatment, plasma electron beam source, plasma
sputtering spraying, and so on [1–3].Many scholars have carr-
ied out various studies on low pressure glow discharge expe-
rimentally and theoretically. In the experimental study, a vari-
ety of means have been employed, such as electrostatic probe
detection and spectroscopic diagnostic methods to analyze
and study physical processes and dischargemechanismof low
pressure glow discharge [3–6].

Despite the fact that the influence of the magnetic
field on the parameters of the plasma has been studied in
the experiment, in theoretical research, there is still not a
complete theoretical description of the influence of magnetic
field on the parameters of the glow discharge. The relations
between the physical quantities and some physical pheno-
mena can not be explained strictly. Most authors use nume-
rical methods in the theoretical study [7–14]. With the deve-
lopment of computer and algorithm optimization, these
methods provide a good foundation and guarantee with great
achievements made in this field. However, seen from pre-
vious numerical settlement results, there are also common

problems: (1) numerical method applies some imaginary
boundary conditions in the calculation process, which often
leads to unreasonable results; for example, it can not be
self-consistent; (2) unstabilizing factor may occur during the
calculation, which leads to phenomenon of divergence, so
calculation has to stop halfway; (3) in the lengthy process of
calculation, it is not easy to find human error and check cal-
culation results. Moreover, relationship between the various
physical quantities is not readily apparent. In order to avoid
these shortcomings, some of the early researchers sought
analytic expression of the relevant parameters from the rele-
vant classic discharge equationwith applied analyticmethods
and actual boundary conditions and the theoretical model
of glow discharge plasma under no magnetic field is esta-
blished [15–19].

The present study, as a continuation of the previous
work, is an attempt to improve the theoretical formulation
mainly by considering the influence of axial magnetic field
on the glow discharge plasma. The specific objective of this
study is to obtain a set of analytic expressions that can
describe the glow discharge plasma in the axial magnetic
field on the whole discharge area. The final goal is to gain
the relationship between the plasma parameters and the axial
magnetic field. In the following presentation, we shall first
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Figure 1: Schematic of a glow discharge with external magnetic field.

discuss the aspects concerning the basic assumptions and
theoretical formulation of the physical model for the glow
discharge plasma in axial magnetic field. The computational
results and detailed mathematical analysis shall be presented
in the subsequent sections. In the final part, the above results
are analyzed and corresponding conclusions are drawn.

2. Physical Model

In this study, the two-dimensional dc discharge configuration
is shown in Figure 1. The powered electrode is the anode and
the grounded one is the cathode. In this theoretical formu-
lation, cylindrical coordinates 𝑟 and 𝑧 are used for the basic
discharge equations, the coordinate 𝜃 in this case is irrelevant
as the plasma is taken to be axially symmetrical.

The model is based on the following assumptions:

(1) The direction of the applied magnetic field is parallel
to the direction of the electric field.The electric field is
produced by the voltage at both ends of the anode and
cathode. Edge effects of electric field are neglected.

(2) Plasma formation is mainly a result of electrons colli-
sion with neutral atoms, while generation of negative
ions and other factors are not considered.

(3) It is generally considered that in low-temperature
glow discharge plasmamodel, ionsmaintain the same
temperature as neutral gas. Hence, there is no need to
consider energy equation [15, 16].

(4) Generally, glow discharge current is about several
milliamps. Self-magnetic field generated by glow cur-
rent is much smaller than applied external magnetic
field.Therefore, effect of self-magnetic field was igno-
red and only effect of external magnetic field on glow
discharge was considered.

The basic equations employed in this theoretical formula-
tion are the particle and momentum conservation equations
coupled with one of the Maxwell equations.

𝜕𝑛𝛼𝜕𝑡 + ∇ ⋅ (𝑛𝛼𝑢𝛼) = 𝜉𝑖𝑛𝑒. (1)

𝑚𝛼𝑛𝛼 { 𝜕𝜕𝑡 + 𝑢𝛼 ⋅ ∇} 𝑢𝛼
= 𝑞𝛼𝑛𝛼 (𝐸 + 𝑢𝛼 × 𝐵) − ∇ (𝑘𝑇𝛼𝑛𝛼) − 𝑚𝛼𝑢𝛼𝑛𝛼]𝛼𝑛

(2)

∇ ⋅ 𝐸 = 𝑒𝜀0 ∑𝛼=𝑖,𝑒𝑛𝛼. (3)

In the above equations the various notations are defined
as follows: 𝜉𝑖 is the ionization frequency; subscript𝛼 represent
electron or ion; 𝑛𝛼, 𝑢𝛼, 𝑚𝛼, and𝑇𝛼 are, respectively, the num-
ber density, average velocity,mass, and temperature; ]𝛼𝑛 is the
respective collision frequency of electrons and positive ions
with neutral particles and they are assumed to be constants
in this case; 𝐸 is the electric field; 𝐵 is the magnetic field; 𝑞𝛼
is the electronic charge and 𝜀0 is the permittivity constant; 𝑘
is the Boltzmann constant.

We shall first consider these equations for a steady state
case in which all the terms involving time derivative vanish.
Next, we neglect the inertial terms {𝑢𝛼 ⋅ ∇}𝑢𝛼 in (2), as in the
present case the average flow velocity in general is much
smaller than the average speed of the random thermal
motions [18]. Equation (2) becomes the following form:

𝑞𝛼𝐸 + 𝑞𝛼 (𝑢𝛼 × 𝐵) − 𝑇𝛼𝑛𝛼 ∇𝑛𝛼 = 𝑚𝛼]𝛼𝑛𝑢𝛼. (4)

According to the model assumptions (1), electric field is axial
component, 𝐸𝜃 = 𝐸𝑟 = 0 and 𝐵𝜃 = 𝐵𝑟 = 0. Taking into
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account (3), conditions assumed by the model, component
form of (4) parallel to magnetic field is

𝑢𝛼‖ = 𝑏𝛼‖𝐸𝑧 − 𝐷𝛼‖∇‖𝑛𝛼𝑛𝛼 , (5)

where

𝑏𝛼‖ = 𝑞𝛼𝑚𝛼]𝛼𝑛
𝐷𝛼‖ = 𝑘𝑇𝛼𝑚𝛼]𝛼𝑛 .

(6)

In the direction perpendicular to the magnetic field, (4) is

𝑢𝛼⊥ = −𝐷𝛼⊥∇⊥𝑛𝛼𝑛𝛼 − 𝐷𝛼𝑑
∇⊥𝑛𝛼𝑛𝛼 × 𝑏0, (7)

where

𝐷𝛼⊥ = ]𝛼𝑛𝑘𝑇𝛼𝑚𝛼 (𝜔2𝛼 + ]2𝛼𝑛) (8)

𝐷𝛼𝑑 = 𝑘𝑇𝛼𝑞𝛼𝐵 (1 + ]2𝛼𝑛/𝜔2𝛼) (9)

𝜔𝛼 = 𝑞𝛼𝐵𝑚𝛼 . (10)

The plasma is assumed to be uniformly distributed in the
angular direction and we obtained

∇ ⋅ (𝑛𝛼𝑢𝛼) = 𝑏𝛼‖𝑛𝛼 𝜕𝐸𝜕𝑧 + 𝑏𝛼‖𝐸𝜕𝑛𝛼𝜕𝑧 − 𝐷𝛼‖ 𝜕
2𝑛𝛼𝜕𝑧2

− 𝐷𝛼⊥ 𝜕2𝑛𝛼𝜕𝑟2 − 𝐷𝛼⊥ 1𝑟 𝜕𝑛𝛼𝜕𝑟 .
(11)

Ionization frequency can be expressed as follows:

𝜁𝑖 = 𝛽1𝑢𝐸 + 𝛽2𝑢𝐷, (12)

where 𝑢𝐸 is the electron drift velocity along the axial direction
and 𝑢𝐷 is the electron diffusion velocity. 𝛽2 is a pressure
dependent constant to be determined. 𝛽1 is the Townsend
ionization coefficient and is a function of the gas pressure 𝑝
and electric field 𝐸. In the case of low pressure and high elec-
tric field strength, this implies that 𝐵𝑐𝑝/𝐸 ≪ 1 and 𝛽1 can be
Taylor expansion.

𝛽1 = 𝐴𝑝 exp(−𝐵𝑐𝑝𝐸 ) ≈ 𝐴𝑝 − 𝐴𝐵𝑐𝑝
2

𝐸 . (13)

𝐴 and 𝐵𝑐 are constants related to gases.

From (1), (3), (5), (7), (11), (12), and (13), we obtain

(−𝑏𝑒‖𝑛𝑒 𝜕𝐸𝜕𝑧 − 𝑏𝑒‖𝐸𝜕𝑛𝑒𝜕𝑧 + 𝐴𝑝𝑏𝑒‖𝐸𝑛𝑒)
− (𝐷𝑒⊥ 𝜕2𝑛𝑒𝜕𝑟2 + 𝐷𝑒⊥ 1𝑟 𝜕𝑛𝑒𝜕𝑟 )
+ (−𝐷𝑒‖ 𝜕2𝑛𝑒𝜕𝑧2 + 𝐷𝑒‖𝛽2 𝜕𝑛𝑒𝜕𝑧 − 𝐴𝐵𝑐𝑝2𝑏𝑒‖𝑛𝑒) = 0

(14)

(𝑏𝑖‖𝑛𝑖 𝜕𝐸𝜕𝑧 + 𝑏𝑖‖𝐸𝜕𝑛𝑖𝜕𝑧 + 𝐴𝑝𝑏𝑒‖𝐸𝑛)
− (𝐷𝑖⊥ 𝜕2𝑛𝑖𝜕𝑟2 + 𝐷𝑖⊥ 1𝑟 𝜕𝑛𝑖𝜕𝑟 )

𝑒

+ (−𝐷𝑖‖ 𝜕2𝑛𝑖𝜕𝑧2 − 𝐴𝐵𝑐𝑝2𝑏𝑒‖𝑛𝑒 + 𝐷𝑒‖𝛽2 𝜕𝑛𝑒𝜕𝑧 ) = 0
(15)

𝜕𝐸𝜕𝑧 = 𝑒𝜀0 (𝑛𝑖 − 𝑛𝑒) . (16)

Equations (14), (15), and (16) constitute final form of
glow discharge plasma physics model equation under axial
magnetic field condition. In the above equations, except 𝑛𝑒,𝑛𝑖, and 𝐸, all other parameters can be regarded as constants
in calculation. Equations (14), (15), and (16) are consistent
with themodel of the glow discharge without considering the
axialmagnetic field [18].Their difference is only the difference
in parameters. But it is not possible to apply the expression
of the glow discharge model without considering the axial
magnetic field into (14), (15), and (16) as this can appear as
imaginary solutions. In the absence of magnetic field, the
transport coefficient of the lighter particles is larger than that
of the heavy particles. This conclusion is contrary to the case
of magnetic field. The axial magnetic field has a restraining
effect on the transverse motion of charged particles. The
radius of gyration of the ion is much larger than that of
the electron. Therefore, the transverse transport coefficient
of ions is larger than that of electrons. In the calculation
process, due to the change of the transport coefficient, the
form of the solution has changed accordingly. In the next
section, we deduce the above equations again according to the
similar derivation process of the earlier articles.The solutions
obtained shall be exact and completely satisfy equations and
the actual boundary conditions. The effect of magnetic field
on the glow discharge plasma is analyzed.

3. Mathematical Calculation

We employ the variables separation method by writing

𝑛𝑒 = 𝑍 (𝑧) 𝑅 (𝑟) (17)

and letting

𝐴𝐵𝑐𝑝2𝑏𝑒‖ = 𝑎 + 𝑏 + 𝑐, (18)
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where 𝑎, 𝑏, and 𝑐 are constants. Substituting (17) and (18) into
(14) and dividing it by (17), we obtain

𝐷𝑒‖ ( 1𝑍 𝜕
2𝑍𝜕𝑧2 − 𝛽2 1𝑍 𝜕𝑍𝜕𝑧 ) + 𝑏 = 0 (19)

𝐷𝑒⊥ ( 1𝑅 (𝑟) 𝜕
2𝑅 (𝑟)𝜕𝑟2 + 1𝑅 (𝑟) 1𝑟 𝜕𝑅 (𝑟)𝜕𝑟 ) + 𝑎 = 0 (20)

𝑏𝑒‖ (𝜕𝐸𝜕𝑧 + 𝐸𝑛𝑒
𝜕𝑛𝑒𝜕𝑧 − 𝐴𝑝𝐸) + 𝑐 = 0. (21)

Equation (19) involves 𝑧 alone and (20) involves 𝑟 alone; (21)
involves 𝑟 and 𝑧. The solution of (19) and (20) is

𝑍 (𝑧) = exp(𝛽22 𝑧) (𝐶1 exp (𝑎1𝑧) + 𝐶2 exp (−𝑎1𝑧)) (22)

𝑅 (𝑟) = 𝐽0(√ 𝑎𝐷𝑒⊥ 𝑟) , (23)

where

𝑎1 = 12√𝛽22 − 4𝑏𝐷𝑒‖ . (24)

Combining (22) and (23), we obtain

𝑛𝑒 (𝑧, 𝑟) = exp(𝛽22 𝑧) (𝐶1 exp (𝑎1𝑧) + 𝐶2 exp (−𝑎1𝑧))
⋅ 𝐽0(√ 𝑎𝐷𝑒⊥ 𝑟) .

(25)

Substituting (25) into (21), we have

𝐸 (𝑧) = − 𝑐𝑏𝑒‖
⋅ exp (𝐴𝑝𝑧)
exp ((𝛽2/2) 𝑧) (𝐶1 exp (𝑎1𝑧) + 𝐶2 exp (−𝑎1𝑧))
⋅ {𝐶1 exp [(𝛽2/2 − 𝐴𝑝 + 𝑎1) 𝑧](𝛽2/2 − 𝐴𝑝 + 𝑎1)
+ 𝐶2 exp [(𝛽2/2 − 𝐴𝑝 − 𝑎1) 𝑧](𝛽2/2 − 𝐴𝑝 − 𝑎1) + 𝐶3} ,

(26)

where 𝐶3 is constant. Substituting (26) into (16), we obtain
𝑛𝑖 = 𝑛 + 𝑛𝑒, (27)

where

𝑛 = 𝜀0𝑒 𝜕𝐸𝜕𝑧 = −𝜀0𝑒 𝑐𝑏𝑒‖ {
𝐴𝑝 exp (𝐴𝑝𝑧)

(𝐶1 exp [(𝛽2/2 + 𝑎1) 𝑧] + 𝐶2 exp [(𝛽2/2 − 𝑎1) 𝑧] [(𝛽2/2 − 𝑎1) 𝑧])

− exp (𝐴𝑝𝑧) (𝐶1 (𝛽2/2 + 𝑎1) exp [(𝛽2/2 + 𝑎1) 𝑧] + 𝐶2 (𝛽2/2 − 𝑎1) exp [(𝛽2/2 − 𝑎1) 𝑧])(𝐶1 exp [(𝛽2/2 + 𝑎1) 𝑧] + 𝐶2 exp [(𝛽2/2 − 𝑎1) 𝑧])2 }

⋅ {𝐶1 exp [(𝛽2/2 − 𝐴𝑝 + 𝑎1) 𝑧](𝛽2/2 − 𝐴𝑝 + 𝑎1) + 𝐶2 exp [(𝛽2/2 − 𝐴𝑝 − 𝑎1) 𝑧](𝛽2/2 − 𝐴𝑝 − 𝑎1) + 𝐶3} − 𝜀0𝑒 𝑐𝑏𝑒‖ .

(28)

Substituting (27) into (15) and using (18), (19), (20), and (21),
we obtain

(𝑎(𝐷𝑖⊥𝐷𝑒⊥ − 1) + 𝑏(
𝐷𝑖‖𝐷𝑒‖ − 1) − 𝑐(

𝑏𝑖‖𝑏𝑒‖ + 1)

+ (𝐷𝑒‖ − 𝐷𝑖‖) 𝛽2𝑛𝑒
𝜕𝑛𝑒𝜕𝑧 + 𝐴𝑝𝐸 (𝑏𝑖‖ + 𝑏𝑒‖)) 𝑛𝑒

− {𝐷𝑖‖ (𝜕2𝑛𝜕𝑧2 ) − 𝑏𝑖‖ (𝑛 𝜕𝐸𝜕𝑧 + 𝐸𝜕𝑛


𝜕𝑧 )} = 0.

(29)

In (29), the first brace involves 𝑧 and 𝑟 and the second brace
involves 𝑧 alone, so we have

𝑎(𝐷𝑖⊥𝐷𝑒⊥ − 1) + 𝑏(
𝐷𝑖‖𝐷𝑒‖ − 1) − 𝑐(

𝑏𝑖‖𝑏𝑒‖ + 1)
+ (𝐷𝑒‖ − 𝐷𝑖‖) 𝛽2𝑛𝑒

𝜕𝑛𝑒𝜕𝑧 + 𝐴𝑝𝐸 (𝑏𝑖‖ + 𝑏𝑒‖) = 0
(30)

𝐷𝑖‖ (𝜕2𝑛𝜕𝑧2 ) − 𝑏𝑖‖ (𝑛 𝜕𝐸𝜕𝑧 + 𝐸𝜕𝑛


𝜕𝑧 ) = 0. (31)

Substituting (26) and (28) into (31), to make the variable 𝑧
within a certain range, can make (31) established; we obtain

𝛽2 = 2𝐴𝑝
𝐶3 = 0
𝑐 = 2𝐷𝑖‖𝑎21 𝑏𝑒‖𝑏𝑖‖ .

(32)



Advances in Mathematical Physics 5

Substituting (24), (25), (26), and (32) into (30), to make the
variable 𝑧 within a certain range, can make (30) established;
we have

𝑎(𝐷𝑖⊥𝐷𝑒⊥ − 1) + 𝑏(
𝐷𝑖‖𝐷𝑒‖ − 1) − 𝑐(

𝑏𝑖‖𝑏𝑒‖ + 1)
+ (𝐷𝑒‖ − 𝐷𝑖‖) 𝛽2𝑛𝑒

𝜕𝑛𝑒𝜕𝑧 + 𝐴𝑝𝐸 (𝑏𝑖‖ + 𝑏𝑒‖) = 0
(33)

[(𝐷𝑒‖ − 𝐷𝑖‖) 𝑎1𝛽2 − 𝑐𝑏𝑒‖𝑎1𝐴𝑝 (𝑏𝑖‖ + 𝑏𝑒‖)]
⋅ 𝐶1 exp (𝑎1𝑧) − 𝐶2 exp (−𝑎1𝑧)𝐶1 exp (𝑎1𝑧) + 𝐶2 exp (−𝑎1𝑧) = 0.

(34)

Equation (33) involves 𝑧 and 𝑟 and (34) involves 𝑧 alone.
Using (33) and (34), we have

𝑎1 = √𝐴2𝑝2 + 𝑎 (𝐷𝑖⊥ − 𝐷𝑒⊥)𝐷𝑒⊥ (𝐷𝑒‖ − 𝐷𝑖‖) (35)

𝐷𝑒‖𝐷𝑖‖ = 2 +
𝑏𝑒‖𝑏𝑖‖ . (36)

Using (32), (26) is simplified as

𝐸 (𝑧) = −2𝐷𝑖‖𝑎1𝑏𝑖‖
𝐶1 exp (𝑎1𝑧) − 𝐶2 exp (−𝑎1𝑧)𝐶1 exp (𝑎1𝑧) + 𝐶2 exp (−𝑎1𝑧) . (37)

The relationship between electric field and voltage is

−𝑑𝑉𝑑𝑧 = 𝐸. (38)

Using (38), we have

𝑉 = 2𝐷𝑖‖𝑏𝑖‖ ln [𝐶1 exp (𝑎1𝑧) + 𝐶2 exp (−𝑎1𝑧)] + 𝐶4. (39)

In this paper, the physical model in magnetic field is consis-
tent with the physical model without magnetic field. There-
fore, the same boundary conditions can be applied to the phy-
sical model without magnetic field [18].

𝑧 = 0,
𝑟 = 0,
𝑉 = 𝑉0.

(40)

𝑧 = 𝑙,
𝑟 = 0,
𝑉 = 0

(41)

𝑧 = 0,
𝑟 = 0
𝑛𝑒 = 𝑛𝑎

(42)

𝑧 = 0
𝑟 = 𝑅,
𝑛𝑒 = 0.

(43)

Using boundary conditions (39), (40), (41), (42), and (25), we
have

𝐶1 = 𝑛𝑎 exp (−𝑎1𝑙) − exp (−𝑉0𝑏𝑖‖/2𝐷𝑖‖)exp (−𝑎1𝑙) − exp (𝑎1𝑙)
𝐶2 = 𝑛𝑎 exp (−𝑉0𝑏𝑖‖/2𝐷𝑖‖) − exp (𝑎1𝑙)exp (−𝑎1𝑙) − exp (𝑎1𝑙) .

(44)

Substituting (43) into (25), we have

𝑎 = (2.405𝑅 )2𝐷𝑒⊥. (45)

That means the constants 𝛽2, 𝐶1, 𝐶2, 𝑎1, 𝑎, 𝑏, and 𝑐 have been
completely determined. Through the solution of the above
equation, we can analyze the influence of axial magnetic
field on glow discharge. However, it should be noted that
each parameter in the expressions must satisfy the following
equation

𝐴𝐵𝑐𝑝2𝑏𝑒‖ = (2.405𝑅 )2𝐷𝑒⊥ − 𝐷𝑒‖ (2.405𝑅 )2

⋅ (𝐷𝑖⊥ − 𝐷𝑒⊥)(𝐷𝑒‖ − 𝐷𝑖‖) + 2 (𝐷𝑒‖ − 𝐷𝑖‖)
⋅ (𝐴2𝑝2 + (2.405𝑅 )2 (𝐷𝑖⊥ − 𝐷𝑒⊥)(𝐷𝑒‖ − 𝐷𝑖‖) ) .

(46)

Glow discharge current density is as follows

𝑗 = 𝑗𝑧 + 𝑗𝑟 + 𝑗𝜃. (47)

𝑗𝑧 = 𝑒 (𝑛𝑖𝑢𝑖𝑧 − 𝑛𝑒𝑢𝑒𝑧)
= 𝑒 [𝑛𝑖𝑏𝑖‖𝐸𝑧 − 𝑛𝑒𝑏𝑒‖𝐸𝑧 + 𝐷𝑒‖ 𝜕𝑛𝑒𝜕𝑧 − 𝐷𝑖‖ 𝜕𝑛𝑖𝜕𝑧 ]

(48)

𝑗𝑟 = 𝑒 (𝑛𝑖𝑢𝑖𝑟 − 𝑛𝑒𝑢𝑒𝑟) = 𝑒 (𝐷𝑒⊥ − 𝐷𝑖⊥) 𝜕𝑛𝑒𝜕𝑟 (49)

𝑗𝜃 = 𝑒 (𝐷𝑖𝑑 − 𝐷𝑒𝑑) 𝜕𝑛𝑒𝜕𝑟 . (50)
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Equations (48), (49), and (50) satisfy the continuity equation
of constant current

∇ ⋅ 𝑗 = 0. (51)

Using the above results, the glow discharge current can be
obtained.

𝐼𝑧 = ∫𝑅
0

𝐽𝑧 ⋅ 2𝜋𝑟 ⋅ 𝑑𝑟 = [(𝐶1 (𝑏𝑖‖ − 𝑏𝑒‖) (−2𝐷𝑖‖𝑎1𝑏𝑖‖ )
+ 𝐶1 (𝐷𝑒‖ − 𝐷𝑖‖) (𝐴𝑝 + 𝑎1)) exp [(𝐴𝑝 + 𝑎1) 𝑧]
+ (𝐶2 (𝐷𝑒‖ − 𝐷𝑖‖) (𝐴𝑝 − 𝑎1)
− 𝐶2 (𝑏𝑖‖ − 𝑏𝑒‖) (−2𝐷𝑖‖𝑎1𝑏𝑖‖ ) exp [(𝐴𝑝 − 𝑎1) 𝑧])]
⋅ (2𝜋𝑒𝑅22.405 ) 𝐽1 (2.405)

𝐼𝑟 = ∫𝐿
0

𝐽𝑟 ⋅ 2𝜋𝑟 ⋅ 𝑑𝑧 = 2𝜋𝑟𝑒 (2.405𝑅 ) (𝐷𝑖⊥ − 𝐷𝑒⊥)
⋅ 𝐽1 (2.405𝑅 𝑟) ⋅ 𝐶1𝐴𝑝 + 𝑎1 {exp [(𝐴𝑝 + 𝑎1) 𝐿] − 1}
+ 𝐶2𝐴𝑝 − 𝑎1 {exp [(𝐴𝑝 − 𝑎1) 𝐿] − 1} .

(52)

In glow discharge experiments, the glow current is relatively
easy to measure. Through (52), the relationship between the
macrophysical parameters will be reflected.

4. Result Analysis

In the absence of magnetic field, using (4), we obtained

𝑢𝛼 = 𝑏𝑎𝐸 − 𝐷𝑎∇ (𝑛𝛼)𝑛𝛼 , (53)

where

𝑏𝑎 = 𝑞𝛼𝑚𝛼]𝛼𝑛
𝐷𝑎 = 𝑘𝑇𝛼𝑚𝛼]𝛼𝑛 ,

(54)

where 𝐷𝑎 is transport coefficient. In this case (without mag-
netic field), as the electron mass is much smaller than the
ion mass, the transport coefficient of electrons is much larger
than that of the ions.

𝐷𝑒 ≫ 𝐷𝑖. (55)

In the case of magnetic field, using (8), the transport coeffi-
cient is expressed as

𝐷𝛼⊥ = ]𝛼𝑛𝑘𝑇𝛼𝑚𝛼 (𝜔2𝛼 + ]2𝛼𝑛) . (56)

In strong magnetic field (𝜔𝛼 ≫ ]𝛼𝑛), the diffusion coefficient
can be written as follows:

𝐷𝛼⊥ = 𝑚𝛼]𝛼𝑛𝑘𝑇𝛼𝑞2𝛼𝐵2 . (57)

From (57), the transverse transport coefficient of ions is larger
than that of electrons.

𝐷𝑖⊥ > 𝐷𝑒⊥. (58)

This conclusion is contrary to that without magnetic field.
According to [18], in the absence ofmagnetic field, (35) is rev-
ised as

𝑎1 = √(2.405𝑅 )2 (𝐷𝑒⊥ − 𝐷𝑖⊥)(𝐷𝑒‖ − 𝐷𝑖‖) − 𝐴2𝑝2. (59)

Substituting (58) into (59), the solution of (59) will be imagin-
ary number, which is not allowed in the actual situation.
Therefore, in the third part of this paper, we deduce the diff-
erential equations in magnetic field again according to the
similar derivation process of the earlier articles.

Calculation analyses were carried out for discharge in
magnetic field at pressures 𝑝 = 10Pa, the distance between
anode and cathode 𝑙 = 0.02m, the parameter 𝐴 = 5 and 𝐵𝑐 =19, and anode plate voltage is 400V. The parameter of elec-
tron density 𝑛𝑎 is 1013m−3.

Figure 2 is the axial distribution of the electron density
under different magnetic fields. As can be seen from the dia-
gram, themaximumvalue of the electron density distribution
is at the anode. With the change of the cathode direction,
the electron density decreases gradually. Within the range of
0m to 0.01m, the electron density of the region is greatly
affected by the magnetic field. Basically change exponentially
the electronic density of the whole area, which is consistent
with the theory of Townsend avalanche concept. Figure 3 is
the axial distribution of ion density under different magnetic
fields. In the process of the change from anode to cathode,
the ion density distribution is consistent with the electron
density distribution in the initial stage. Near the cathode, the
ion density increases. Figure 4 shows the distribution of the
electric field at different magnetic fields. The electric field
is almost constant in the range of 0m to 0.015m. The elec-
tric field increases gradually near the cathode. At the cathode
layer, electrons are accelerated by the electric field. After a cer-
tain distance, the electrons reach enough energy and collide
with neutral atoms. Under the action of electric field, the
ions move towards the cathode region. So the cathode region
is actually a region with a large positive ion concentration
(Figure 2). According to the Poisson equation, a large electric
field is formed by the slow motion of the positive ions
(Figure 3).

In the process of discharge, electrons are subjected to the
interaction of electric field andmagnetic field.When the elec-
tric field is parallel to the magnetic field, the electron trajec-
tory is not affected by the magnetic field. However, when the
glow plasma is formed, due to the diffusion effect of the
plasma, the confinement effect of the axial magnetic field
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Figure 4: Electric field distribution under different magnetic fields.

on the plasma is reflected. The radial diffusion of plasma is
suppressed. And this effect not only affects the radial com-
ponent of the plasma, but also affects the axial distribution
of the plasma parameters and the electric field distribution
in the whole region. Figures 2 and 3 show that the electron

and ion density increases with the magnetic field increases.
In this model, the magnetic field does not increase the
motion path of electrons. However, the confinement effect
of the magnetic field on the charged particles in the plasma
increases the collision probability between the free electrons
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and the neutral atoms in the unit area, thus increasing the
plasma density.

5. Conclusion

The two-dimensional DC glow discharge model in axial
magnetic field at low pressure was established. Based on a
series of reasonable assumptions, the analytical solutions are
obtained. It is shown that the model is consistent with the
basic equations of the glow discharge without considering
axial magnetic field, but the results are not the same. The
results show that themagnetic field has a certain influence on
the glow discharge parameters even when the magnetic field
is parallel to the direction of the electric field.
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