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Abstract

In this work we have constructed a theoretical model to calculate the Maxwell-Boltzmann

distribution for gases and typical speeds of electrons which are: the most probable speed v, ,

the mean speed< v >, and the root-mean-square speed v, , had been carried out .Further

more satisfies the condition of speed for Nitrogen , Argon , and Helium gases at 300°K for
ranges [E/N=(0.5,1,2,3,4,5)x10'¢ ; (1,2,4,6,8,10) x10°'%; (0.1214, 0.182, 0.455, 1.214, 1.82,
4.55,12.14, 18.2, 24.3, 30.3) x107'8] (V cm?) respectively.

we get a good agreement between the results which obtained by our theoretical model and
the experimental results for different researchers . These results had been plotted as functions

with their variables.

Keyword: Boltzmann equation, Collision cross-section, Charged particle transport, Swarm

parameters.
Introduction

The Maxwell-Boltzmann distribution explains the probability of a particles speed being
near a given value as a function of the temperature of the system , the mass of the particle and
that speed value. This probability distribution is named after James Clerk Maxwell and
Ludwing Boltzmann. The statistical behavior of many particle systems is described by the
product of the density of states and the distribution function for these states. One of the

simplest cases is that for radioactive decay since you are dealing with pure probability. The
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density of states can just be taken as a constant since there is no preference for one decay time
over another, and the distribution function is simply
N=Noe "
where 1 refers to the average lifetime.

There are many physicals applications of the distribution functions ,such as, tell us that
the probability that any one molecule is highly unlikely to grab much more than it average
share of the total energy available to all the molecules, applies to ideal gases close to

thermodynamic equilibrium[1-4] .

Theory detection

The Maxwell-Boltzmann distribution can be derived from the Boltzmann distribution for
energies using kinetic theory , but the derivation at the beginning by Maxwell, supposed all
three directions in the same fashion [1].

N, g;exp(—E/KT)

N @
N Zj g, exp(—E; /KT)
. P2+P>+pP?
N _1 ex{#] @)
N Z 2mKT
where
E=P*/2m (3)
px,py,pz] “4)
and
Ni
W(Z fp (5)
Therefore where
2 2 2
c —pPctp,tD;
Py P.)=—exp| ——r = 6
fo(pysp,,p.) ~ p{ SmKT ] (6)
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whereas N; refers to the number of molecules at equilibrium temperature T, in state i which
has energy E; and degeneracy gi, N is the total number of molecules in the system and k is the
Boltzmann constant .The denominator in this equation is known as the canonical partition
function, p refers to the momentum vector, Z refers to the partition function, m refers to the

electron mass,

Distribution for the speed

The Maxwell-Boltzmann distribution are more interested in the speeds of molecules rather
than their component velocities which take the form:

3/2 2 2 2
—m(v, +v, +Vv.)
v ex - 9
j p KT )

_ m
A 4”(277KT

Since speed V, is :
V=@ +vi +v2)l? (10)

Substitute Eq.(10) into Eq.(9) gives :

B m Y7, —mv?
f(v)= 477( ZITKTJ v exp{ KT } 0))

the unit of f(v) is sec/cm (reciprocal speed ) (1/speed).

This distribution is a Maxwell-Boltzmann distribution with a = mKT

Distribution for relative speed

The relative speed is defined as :
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u=__ (12)
VP
Since
1/2 1/2
v :(2KTJ :(2RTJ (13)
m m

Eq.(13) is called the most probable speed , vp .

Typical speeds
A- The most probable speed v, , is the speed most likely by any molecule (of the same
mass m) in the system and corresponds to the maximum value or mode of f(v) . To find it : we

calculate df/dv , set it to zero and solve for v, from Eq.(11) and Egs.(12-13)

i o) _,
dv

Which gives:

v = [ﬂj (14)

m

B. the mean speed <v> is the mathematical average of the speed distribution , which

is :

<y>= va(v)dv = (gj 15)
m

0

C- The root mean square speed, v,  is the square root of the average squared speed:

AY

Vo = (I sz(v)dvj - [?ﬂj (16)
0 m

the typical speeds are related as follows:

vp<< v>(v, 17)
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Computational Procedures:

Firstly: Solution of the transport equation
We suppose the electron swarm in an applied uniform electric fiecld E, the steady — state f°

distribution written as [5-6]:

2
KT °
LA Gv,v’| [+ £ +i ek 19
2v* v m 3G \mv, ) |v ov

2
_;,_V_fo”:() (18)
3v

m

+12{ ¢E_ " +Li[£vs fﬂ

30z\mv,, ov yPovimv

m

since field E along the negative Z-axis direction , v is the electron velocity . G is the energy
loss factor, vm is the momentum transfer collision frequency k is the Boltzmann factor, Ty is
the gas temperature which is 300K, e is the coloumbic charge. This represents integro
differential equation solved numerically using the finite difference method with energy

interval 0.01eV .

Secondly : Calculations of <u> ,D/p, v, and V4 parameters

The classical theory of transport processes is based on the Boltzmann transport equation .
The equation can be derived simply by defining distribution function. From this equation
many important results can be derived[7-8].

After solved numerically Eq.(18) had been obtained the parameters namely , electron
average energy, <u> , the ratio of the diffusion coefficient to the electron mobility, D/u, the
momentum transfer collision frequency, vm , and drift velocity Vg, [9-10].These parameters
could be fed to the following calculations:

From the definition of the momentum , p , for three components , Px , Py and P,

namely :

P*=P}+P}+P’ (19)
P=mv (20)
P*=m*? (21)

where vq is the particle drift velocity corresponding to the particle velocity v, from the

defining of the electron average energy , <u>, which is [11-13]
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<u>=——o
e
KT =e<u> (22)
where
V., K
L=72x10"7 x4 XL
E/P
D
K =—=
KT, u

where L is the mean free path at pressure unit (mm Hg), Ki is the Townsend energy factor
and E/P is the applied electric field to the gas pressure ratio in unit of (V. cm™! Torr ™).

substitute Eqs. (19-22) into Eq.(8) gives

1 2 —m*v?

P,P P |=| £ 1L 23
fp( e Z) (2ﬂne<u>] exp{Zme<u>} 3)
Substitute Eq.(22) into Eq.(11) yields:

312 "
)= 47{*) v exp|:— ~ } (24)
2me <u > 2e<u>
substitute Eq.(22) into Eqs.(14-16) are give :
172
vp:(2e<u>j 25)
m
8 172
<v>=[ e<”>j (26)
Tm
172
- :(3e<u>j 27
m
After calculated the Eqs.(25-27) could be satisfied the condition which is:
v (<V >y, (28)

substitute Eqs.(25-27) into Eq.(24) respectively gives :
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3/2 2
fv,)= 47{2”6”: - >j €U exp(~1) (29)
312 8 4
f(<v>):47r( m j ( esu >jexp(——j (30)
2me <u > m T
m 32 3e<u > 3
S Orme) = 47[(27[6 <u >j ( m jexp(— Ej G

Where f(vp),f(<v>)and f(vims)are the Maxwell —Boltzmann speed distribution probability in

term of the most probable speed vp,mean speed <v> and root mean square speed Vims.

Results & Discussion

In this work the transport equation had been solved numerically in the gases medium. The
gas parameters are obtained and compared with a good fit between available experimental

results [14-17] and theoretical data.

Fig.(1-3)were represent the obtained theoretical values utilization the numerical solution of
the boltzmann equation[9] to calculate the parameters V4 and <u> which were agreement with
the experimental values for figures 4, 6, and 7, [5,15-17] for N2, Ar, and He respectively.

These parameters were fed to the equations which are indicate in the figures.

Fig.(9) represents the probability density function f;, as the function of the functions of the
electron velocity v, in the Argon , Helium and Nitrogen gases, whose show the values of the
f,, for these gases were decreasing with values of electron velocity v, as in the experimental

results , in Fig.5, [15].

Fig.(10)shows the probability density function f, was exponentially decreasing with the
electron average energy <u>, for the above gases <u>, which is agreement with experimental

results ,Fig.8, [16].
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Fig.(11) shows the speed probability density function f(v) was increasing exponentially with
increasing of the electron average energy <u> for Argon gas ,but for nitrogen increasing
linearity with <u>.For helium gas the function f(v) was increasing sharply between the
values, f(v)=(3.04003x107'%7-4.03473x107'%6)(eV)*? and between the values (4.08455-
1.60648) x107'% (eV)™? the function becomes nearly stable with <u>.

Fig.(12) shows the speed probability density function was linearity increasing with the
electron velocity v, for N2, Ar and He gases except between the values of f(v)=(1.81511-
1.43718) 10717 (V)3 and (4.08455-1.60648) x1071%¢ (eV)*? were slowly decreasing with

electron velocity , for argon and helium gases respectively.

Fig.(13) shows that the most probable speed vp. the mean speed <v>, and the root-mean-
square vms proportional increase with electron average energy, <u>, according to the

condition vp< <v> <vinys and satisfies, Eq.(28).

Fig.(14) had be appeared the Maxwell-Boltzmann speed distribution probability decrease
then become stable with increasing of the electron average energy,<u>. Satisfying the

condition vp <<V><Vims,

Conclusion

1. The transport equation is solved numerically in the gaseous medium after applied electric
electric field, therefore the transport parameters, electron energy average<u>, the electron
diffusion coefficient to the electron mobility, momentum transport collision frequency and
electron drift velocity are calculate by using computer program [9].

2. The transport parameters, which mentioned above have being fed into equations (23-31)
to calculate the parameters as indicate in the figures.

3. we achieved to confirm the basic condition of equation (17) by a good agreement for
variables of equations (23-31 ).

4. The results are show a good a agreement with the experimental values.
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Fig. (1): The drift velocity V4 as a function of the applied electric field to the gas

total number density ratio E/N for Nitrogen gas.
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Fig. (2): The drift velocity Vg as a function of the applied electric field to the gas
total number density ratio E/N for Argon gas.
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Fig. (3): The drift velocity Va as a function of the applied electric field to the gas

total number density ratio E/N for Helium gas.
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Fig. (4) : Drift velocity V4 and characteristic energy for electron in N> at 77°K .
The points represent the various experimental result and the smooth curves

our computations for no polarization correction .
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Fig.(5) : Energy distribution function f(€) for electrons in N, for three values of E/N and

corresponding values of eK, f(€) is defined such that J.g% f(e)de=1.
0
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Fig(6): eNielsen's [6(1)], m Bowe's [6(6)], and oo Pack's and Phelps's [6(8)], experimental value
of the drift velocity in argon, for E/P<2x10electrons are in thermal equilibrium with the gas;
the corresponding pp, values are 1.64and 4.0x10’cm*V™! torr, respectively, at 77 and 300° K
[after Pack and Phelps(1961)].
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Fig(7): The electron drift velocity in helium as a function of E/N, o , represent data ; A, Anderson
(1964); +, Phelps et al (1960), %, Stern (1963): ¢, Kucukarpack et al (1981).
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Fig(8): Experimental electron energy distributions for helium
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Fig.(9): The Probability density function f,, versus Fig.(10): The Probability density function f, , versus

. <u>
the electron velocity v, for Ar, He and N, gases. TheleleRtrbl AvRpage Srexy, Au> JorArgHe, and N2

gases.
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Fig.(11): The speed probability density functions of Fig.(12): The speed probability density functions of
speeds f(v) , versus the electron average energy,<u>, speeds f(v), versus the electron velocity v, for Ar,

for Ar, He, and N, gases. He, and N gases.
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Fig.(13): The most probable speed v,, the mean Fig.(14): The Maxwell-Boltzmann speed distribution

speed ,<v>, and the root mean square, Vims, as a probability versus the electron average energy ,<u>,

functions of the electron average energy, <u>, for for Ar, He, and N, gases.

Ar, He, and N, gases.
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