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Summary

Plasma is described as an electrically neutral medium of unbound
positive and negative particles. It is important to note that although they are
unbound, these particles are not ‘free’. When the charges move, they generate
electric current with magnetic fields, and as a result, they are affected by each
other's fields.

Theoretical calculations are performed on the electron swarm
parameter (i.e lonization coefficient) and electron energy distribution
function (EEDF) in N,/CO, gas mixtures by using the two-term
approximation of the distribution in Boltzmann equation within the

international computer code Boltz.

A set of electron cross-section data have been used in this calculation.
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ABBREVIATIONS

Abbreviation | Details

a/N lonization Coefficient

Oi lonization Cross Section

N Total number density

F(u) Distribution Function

om Momentum transfer cross-section

K Boltzmann Constant

T Temperature

of /ot Rate of change of Distribution Function
EEDF Electron energy distribution function
CFDL Current-free double layer

\/ Electron velocity

E Electric field

Vv Velocity-gradient

Vi Special gradient in r-dimension

t Time

£ The electron mean energy

de mean Energy loss

eV Electron volt

P pressure

V4 Drift Velocity

m Electron mass

E/N Ratio of applied electrical field to the total

number density of molecules of gases




Chapter One
Introduction

A plasma, the so-called 4th physical condition of matter, is defined as a
(partly) ionized gas, which is neutral in average (“"quasimetric™) and exhibits
collective properties (the density has to be high enough. Thus, the plasma consists
in most cases of neutral atoms or molecules, positive ions and electrons, which
interact by collisions, for this purpose, a fraction of the electrons has to have
Kinetic energies which exceed the ionization potential, i.e. above a few eV, so that
the electrons have to be rather "hot

The study of energy distribution of electrons in weakly ionized gases has a
long history that goes back to 1960s and become increasingly important for the
quantitative understanding of gas discharges plasma physics, laser physics...etc.

Electron energy distribution functions in low degree ionized gases are of
fundamental importance in understanding ionization phenomena in gases and
provide a link between theory and measurements.

A Boltzmann approximation analysis for electron in nitrogen and carbon
dioxide under an electric field will be intends theoretically for determination of
the electron collision cross-section. (Schekochihin, A. A. 2022)

The role of electron swarm parameter (i.e ionization coefficient which is
the mean number of ionizations per cm in the field direction produced by
electron collision) is an important one because it provides a link between
electron-gas collision cross-section and gas breakdown discharge phenomena.

N, and CO, are important component gases of the COzlaser, which
Is one of the most efficient gas lasers. The two are almost identical in molecular
mass, equilibrium nuclear distance, dissociation

energy and fundamental vibrational constant. The momentum transfer
cross-section is also alike. ( Sh.Kh.Al-Hakary,2016)



Nitrogen is a colorless, odorless, and tasteless gas, it is slightly lighter
than air. Also, it is a non-poisonous gas but animals die due to suffocation of
nitrogen.

The most important chemical property of this gas is that it is non-combustible
gas neither does it support burning and chemically inert under ordinary
conditions.

Carbon dioxide is a chemical compound composed of one carbon and two
oxygen atoms bonded together. It is a colorless and odorless gas; it is a non-
flammable gas and it is slightly toxic and denser than air. Also, its solubility
decreases as temperature increases. ( Jebur, K. S...etal. 2019)



Chapter Two
Theory

In plasma physics, distribution functions describe the statistical properties
of charged particles within a plasma. These distribution functions provide
information about the velocity, energy, and spatial distribution of the particles in
the plasma.

There are several distribution functions commonly used in plasma physics,
three crucial distribution functions are Maxwell, Boltzmann, and Maxwell-
Boltzmann, each playing a significant role in understanding the behavior of
particles in gases and thermal equilibrium. (Gulala. M.F, 2002)

1-Maxwell Distribution Function

The Maxwell distribution function, named after the renowned physicist
James Clerk Maxwell, addresses the probability distribution of particle speeds in
a gas at a specific temperature. Maxwell made significant contributions to our
understanding of kinetic theory and ideal gases. His work culminated in the
development of the Maxwell distribution function, which is essential for
describing the statistical properties of particles in gases. This function is
characterized by its bell-shaped curve, with the peak corresponding to the most
probable speed at a given temperature.

Applications:

The Maxwell distribution function finds widespread application in various
fields, including gas dynamics, statistical thermodynamics, and astrophysics. It
aids in understanding the distribution of speeds and kinetic energies of gas
molecules. ( Godyak, V.... etal. 2002)



2- Boltzmann Distribution Function

Ludwig Boltzmann, a pioneering figure in statistical mechanics,
introduced the Boltzmann distribution function. This function describes the
probability distribution of particles over different energy levels within a system
at a specific temperature.

Boltzmann's work laid the foundation for the statistical interpretation of
entropy and thermodynamics, linking the microscopic behavior of particles to
macroscopic thermodynamic properties.

Applications:

The Boltzmann distribution function is of paramount importance in
statistical mechanics and quantum physics. It allows scientists and engineers to
analyze the occupation of energy states in various systems, from ideal gases to
condensed matter and quantum systems. It is a cornerstone in the study of
statistical ensembles and serves as the basis for understanding the relationship
between microscopic and macroscopic properties. ( Encarnagao, P. M.. .etal
,2016)

3- Maxwell-Boltzmann Distribution Function

The Maxwell-Boltzmann distribution function amalgamates aspects of
both Maxwell and Boltzmann's work. It describes the statistical distribution of
speeds for particles in a gas, accounting for both the kinetic energy (as in the
Maxwell distribution) and the distribution of particles over energy levels (as in
the Boltzmann distribution). This combined approach provides a comprehensive
view of the statistical behavior of gas particles.

Applications:

The Maxwell-Boltzmann distribution function is of particular importance
in fields like statistical thermodynamics, chemistry, and plasma physics. It
enables the modeling of gas particles in a more complete manner, considering
both their speed distribution and energy state occupation. This function is
indispensable for understanding gas properties and behavior in a wide range of
physical systems. ( Boenig. H, 2019).



4- Druyvesteyn Distribution Function

The Druyvesteyn distribution function is a way to describe the electron
energy distribution function (EEDF) in plasmas.

It is an extension of the Langmuir and Mott-Smith probe theory that allows the
determination of the electron energy spectrum.

The Druyvesteyn formula is used to fit the EEDF data.

The Druyvesteyn-like distribution tends to a Maxwellian distribution and
it is used to describe the bounded plasma, and the complex permittivity for the
plasma with Druyvesteyn distribution is calculated. The Druyvesteyn theory is
also used to study the electron energy distributions upstream of a current-free
double layer (CFDL) contained. (Godyak, V. A...etal, 2002)

Collision

Collisions occur when one object strikes another. Problems involving
collisions are usually solved using conservation of momentum and conservation
of energy.

Types of Collisions:

Collisions are fundamental events in physics, and they play a crucial role
in understanding the behavior of particles and systems in various physical
contexts. In this section we will discuss different types of collisions in classical
physics and then explore how these concepts apply to the field of plasma physics,
where collisions have unique characteristics and significance.



In classical physics, there are three main types of collisions based on how
momentum and kinetic energy are conserved during the collision:

1-Elastic Collisions:

In an elastic collision, both momentum and kinetic energy are conserved.
The total kinetic energy of the system before the collision is equal to the total
Kinetic energy after the collision.

The objects involved rebound off each other without any loss of energy.

Examples include collisions of billiard balls, ideal gas molecules, and objects on
a frictionless surface. ( Fayyadh, I. K. ..etal,2020)

2-Inelastic Collisions:

In an inelastic collision, momentum is conserved, but Kinetic energy is not
conserved. Some of the initial kinetic energy is transformed into other forms of
energy during the collision, such as internal energy or work done.

The objects involved typically stick together or deform during the collision.

Examples include car collisions, where Kinetic energy is converted into thermal
energy and deformation energy.

3- Super Elastic collision

Super elastic collision is a collision in which potential energy is converted into
Kinetic energy so that the total kinetic energy of the colliding objects after
collision is greater after the kinetic energy before collision, for example an
Explosion. (Jawad, E. A ,2018)



Boltzmann Transport equation

The behavior of electron interaction with gas molecules is governed by the
distribution in space, energy and time of electrons in the pure gas or in a mixture
of gases. The distribution function obeys a continuity equation which is known as
the Boltzmann transport equation.

The general form of the Boltzmann equation is (W.L. Morgan, 1995):-

0 ek o
[a +V.Vr—F.ijf(r,v,t):(gjm“l .......................... (1)

Where (f) is the electron velocity distribution function (EEDF), (V) the

electron velocity, (Vr) is the special gradient in r-dimension, while( e/m) is the
ratio of electron charge to its mass which is refers to the acceleration due to

applied electric field (E) (V.cm™) and (VV ) is the velocity-gradient operator. The
term on the right-hand side of equation (1) is the collision integral, which accounts
for electron energy transferred in elastic and inelastic collisions.

It is well known that the swarm parameters of electrons and collision cross-
sections with molecules are related to each other through the medium of the
velocity distribution function of the swarm. Therefore, the ionization coefficient
can be calculated from. (Gulala. F, 2002).
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Transport parameter

Electron-transport parameters in gases have long been studied and proved
to be indispensable in determining appropriate cross sections of elastic and
inelastic collisions between gases and slow electrons and the most transport
parameter is the ionization coefficient.

lonization coefficient

The electron ionization coefficient a is importance in all cases where an
electric field E and thus a mean electron energy ¢ for a specific energy distribution
IS given, so that the rate of ionization per colliding electron per second (W.L.
Morgan; 1995): -

Yoo
% = Vi(%j Iai (e)f(e)de vovevnnniiiin.t. (2)

a
Where (N)is the ionization coefficient of electron and (Vg) is the drift

velocity, (m) is the electron mass and ©i (€) js the ionization cross-section.
(Othman, M. M., & Hussein, S. R, 2020)
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Chapter Three
Results and Discussion
Numerical Solution Method

Equation (1) was solved numerically by iteration method omitting the
details of this method usually, while solving the Boltzmann equation
numerically a uniform grid in energy space is used. according to the
experimental data (V.Yu. Bazhenov... et al,2001) the effective electron
temperature Te is 0.3eV, the pressure P-0.2 torr.

In order to calculate the EEDF accurately, it is necessary to use a large
number of grid points to make the energy interval Au small with respect to Te

Mixtures of Nitrogen and Carbon dioxide gas is taken as a symbol to
calculate the Electron Energy Distribution Function with two different
concentrations.

Two types of cross sections are used for the analysis and these represent
momentum transfer cross-section and ionization cross-sections these cross-
section data are used as input data, therefore, Eq (1) was Solved numerically for
a wide range of E/N values. The E/N values were chosen to yield mean electron
energies in the range (0.65-3.5) eV.

The calculate distribution functions in N,-CO,, gas mixtures are shown in
fig (3.1) While fig (3.2) is representing the values the ionization coefficient as a
function of E/N values in N,-CO, gas mixtures with two different
concentrations.

12
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Fig (3.1): The Distribution Function as a function Electron Energy in N,- CO, gas
mixtures for two different concentrations.

In fig (3.1); which is represent the Electron Energy Distribution Function
for N,-CO, gas mixtures as a Function of electron energy at E/N=27 Td [where
E is the electric Field to the gas Density].

It can be note that the EEDF For (80-20: N,-CO,) gas concentrations had
grater highest than the concentration (50-50: N,-COy), This is mean that the
distribution Function is affect strongly by the concentration of each gas in our
mixtures, this attributed to the electron collision number's.
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Fig(3.2): The ionization coefficient as a function of E/N values for N-
CO, gas mixtures for two different concentrations.

Fig (3.2) is representing the ionization coefficient as a function of E/N
value for N,-CO, gas mixture with two different concentration which is
calculated using eq (2).

This figure shows its behavior which is nonlinear with increase of E/N

because the electrons acquire enough energy from the applied electric field So
the number of energetic electronic which cause the ionization, increase with
increasing E/N according to the ionization cross-section.
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Chapter Four
Conclusion

By using the numerical Boltz code, it was possible to investigate the
behavior of the Electron energy distribution function for N,-CO, gas mixtures
by using set of cross sections data, the calculated distribution function is found
to be remark non-Maxwellian.

The process of ionization is causing an increase in E/N value, this means
that the electron acquired the enough energy from the applied electric field to
reach the ionization level.

The EEDF is strongly depend on the concentration of each gas in the mixtures.

Generally, it can be concluded from the present work that any change in
the gas concentration value will cause a serious variation in related transport
parameters which can be attributed to the activities of electron interactions with
the medium constituents.

Finally, it can be interpreted that practically no one of the collision
processes are neglected and also all the energy range are involved, Therefore, it
needs to use different types of cross sections from many sets of published tables
(as: electronic excitations, vibrations) In order to minimize the shift or the
difference between the output values theoretically.
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