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Introduction 

The lateral spreading by diffusion of a steam of electrons moving through a gas under the action of a uniform electric field can 

lead to a calculation of the ratio of the electron drift velocity to the diffusion coefficient . For an assumed energy distribution function 

of the electrons in the swarm , the average agitational energy of the electrons and the mean velocity of agitation can be inferred[1-3].  

If the electron drift velocity is know ,values of the mean free path at unit pressure  , the mean proportion of energy lost by the 

electron per collision  , and the gas kinetic cross section can be calculated . More recently ; Huxley and Zaazou [4-5] have investigated 

the diffusion of electrons in H2 , N2 and air while these swarm experiments lead only to average values of the various parameters and 

while certain of the assumptions required for the interpretation of the data are more arbitrary than realistic, they still offer the most 

convenient means of investigation in the ranges of low electron energies (Less than a few electron volts). In the present work the 

diffusion of electrons in N2, Ar, and He, has been investigated for a range of E/P=1.611 to 16.115 , 0.0322 to 0.3223 and 

3.9131×1010
-3

 to 0.9767 (V/cm Torr
-1

) respectively, where E is the electric field strength and P is the gas pressure[6-15]. 

Theoretical Background              

In the steady state of agitation motion for steam of electrons moving under the action of uniform electric field E, along Z axis, the 

distribution of electrons for this motion written as [16]. 

 12

z

n

D

V
n d






  

Whereas n refers to the total gas number density, Vd refers to the drift velocity of electron a long the direction of the field and D is the 

electrons diffusion coefficient. 

Solution of Equation(1)  

The uniform electric field E, enter the diffusion chamber throgh a small hole in the upper plate. After drifting throgh a gas of the 

chamber they are collected by the receiving electrode system consisting of a central disk and a surrounding annular electrode, the two 

being separated by a narrow gap. If ib and ic are  the electron currents to the contral disk and annular electrode respectivily, the ratio R 

of the currents is [17] : 
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ABSTRACT 

The diffusion of slow electrons in Nitrogen ,Argon and Helium gases in uniform electric 

fields has been verified for ratios of electric field to pressure from 1.611 to 16.115,0.0322 to 

0.3223 and 3.9131×10
-3

 t0 0.9767 (V/cm .Torr
-1

 ) respectively. These are calculations lead to 

a determination of the ratio of electron drift velocity to diffusion coefficient . By assuming a 

distribution in velocity of the electrons in the swarm, the Townsend energy factor  KT  and 

the mean electron velocity can be computed as a function of E/P, where E is electric field 

and  P is the gas pressure, where the mean free path  at unit pressure, the average energy loss 

per collision, and the gas kinetic cross section can be calculated. The results are presented in 

Figures forms. The obtained results appeared a good agreement with the experimental and 

theoretical data. 
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Where h is the depth of the diffusion chamber, b is the radius of  the central disk, c is the outer radius of  the annular electrode , 

22 bhd      and   
22 che  , the boundary conditions of  this solution are : 

Z = 0   (The upper electrode). 

Z = h   (Over the entire electrode). 

The current ratio R, as in Eq.(2) represents the experimental measurement in term of  Vd/D .  

It could be write in terms of parameter K1 related to the Townsent energy factor KT [18] : 

vem

vge
KT 

     

νge: Average agitation energy of the electrons. 

νem: Average energy of the gas molecules  

Where, 
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Where e is the electron charge, K is the Boltzmann constant,Tg is the absolute temperature in Kelvin,(Tg =300
O
K ) ,   D/μ is the 

diffution coefficient to the electron mobility ratio and A is a constant depending on the energy distribution function of the electrons in 

the swarm. The average electron energy factor K1 , may be obtained from Vd/D as follows [10]  : 
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Where, Vd in unit of cm/sec , D in unit of cm and E are the electron drift velocity , diffusion coefficient and the electric field in 

unit of Volt/cm respectively. This consider the drift velocity is small compared with the electron mean velocity of agitation , that the 

molecules may be considered as fixed elastic scattering centers with all direction of motion of the electrons equally probable after 

collision, and that the electron mean free path does not vary significantly with the electron agitation velocity . Eq.(2) can be written 

[19] : 
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Where, values  of R for a constant ratio of c/h=1.5. The different values of the ratio b/h are plotted in Fig.(1). 

Computational Diagnostics  

From the above the distribution of velocities in the electron stream is not known, the two distributions most commonly considered 

are the classical Maxellian distribution and the Druyvestyn distribution which can be obtained from the solution of the Boltzmann 

transport equation for constant collision cross sections Eq.(7). The calculation of the following parameters for these two velocity 

distributions are [19] : 

1 – Townsend energy factor, KT : 

KT= K1                                               (Maxwell) 

KT = 0.875 K1                                                     (Druyvestyn) 
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Where, 
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3 – Mean electron Velocity, u : 
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4 – Mean free path at unit pressure, L: 
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5 – Average energy loss per  

Collision, η: 
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6–Gas kinetic cross section, σ : 
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Calculation of the transport coefficients Vd , E , D/μ  

We can find the transport coefficients namely, drift velocity Vd , electric field, E , and the ratio of the diffusion coefficient to the 

electron mobility, D/μ, by solution the Boltzmann transport equation numerically which is given by [20,21]: 

where v  is the electron velocity,  is the operator,   is momentum transfer collision frequency, 0f is the electron distribution 

function, e is the electronic charge, m is the electron mass, M is the ion or neutral particle mass, δ is equal to 2m/M , E=Ea+Ei , E is 

the sum of an applied field Ea , and an induced field Ei , K is the Boltzmann’s constant, ω is the angular frequency, So,e is the zeroth-

order electron-electron collision term. 

 

 

 

 

 

 

Results and Discussion  
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The quantity determined from the experimental measurement of the current ratio is Vd/D, its more common to write the value of 

R in terms of parameter K1 as shown in equation (3). The average electron energy factor K1 may be obtained from Vd/D as shown in 

equation (5) , from equation (6) the values of R for a constant ratio of c/h =1.5 and for several values of the ratio b/h are reflected in 

Fig.(1) . 

Fig.(2-3) are reflect the relation between the Townsend energy factor , KT and mean electron velocity, ū versus the applied 

electric field to the gas pressure ratio, E/P, for Ar, He, N2 gases and Ar(5%)-H2(95%) mixture in case of Maxwelian and Druyvestyn 

types, this figure appeared a good agreement between the theoretical and experimental data [16]. Fig(4,5) are represent the Root-

mean-square velocity, <u
2
>

1/2
 and the mean electron velocity, u , as a functions of the parameter K1 related to the Townsend energy 

factor Ar, He, N2 gases and Ar(5%)-H2(95%) mixture in case of Maxwelian and Druyvestyn velocity distributions, these figures 

appeared the linear inceasing of the Root-mean-square, <u
2
>

1/2
 and the mean electron velocity, u , with K1 for both Maxwelian and 

Druyvestyn  distributions. 

Fig(6) refers to the mean free path at unit of pressure, L, as a function of the applied electric field to the gas pressure ratio, E/P, 

for Ar, He, N2 gases and Ar(5%)-H2(95%) mixture in case of both Maxwelian and Druyvestyn velocity distributions. These curves 

brought out a linear reducing for L with increasing of E/P  in case of theoretical and experimental data, [16] . 

Fig.(7) represented the electron drift velocity to the diffusion coefficient ratio Vd/D, as a function of the applied electric field to 

the gas pressure ratio E/P, for argon(Ar), Helium(He), Nitrogen (N2) and Ar(5%)-H2(95%) mixture in case of Maxwelian and 

Druyvestyn velocity distributions. This figure show the increasing of  Vd/D with E/P in linear function form for both experimental and 

theoretical values and a good agreement [16] . 

Fig(8) reflects the linear increasing for the average energy loss per collision, η, with 
2

dV
K1 for Ar, He, N2 gases and Ar(5%)-

H2(95%) mixture. 

Fig(9) exhibits the linear increasing for the gas kinetic cross section with E/P, for Ar, He, N2 gases and Ar(5%)-H2(95%) mixture 

in case of Maxwelian and Druyvestyn velocities distribution. These curves brought out a good agreement with the experimental and 

theoretical data, [16] . 

Conclusions  

1 – Experimentally calculated values of  , Vd/D , for  Hydrogen and Nitrogen are given in Fig.(7). 

2 – Theoretically determined values of Vd/D for other gases are given in the figures. 

3 – The Townsend energy factor K1 had been calculated for assumed velocity distributions of both the Maxwellian and Druyvestyn 

types. 

4 – The  mean  electron  velocity   u ,  mean free path at unit pressure L, average  energy  loss per collision η, and gas kinetic cross 

section, σ, are calculated for both Maxwellian and Druyvestyn velocity distribution . 

5 – The values of  drift velocity , Vd , electric field E, and diffusion coefficient to the electron mobility ratio D/μ are calculated by 

solution the Boltizmann equation numerically Eq.(7). 

6 – The experimental and theoretical values  in good  agreement  with literature [16] 

 



Nada Mohammad Hussan et al./ Elixir Nuclear & Radiation Phys. 66 (2014) 20392-20399 
 

20396 

 

Fig 1. The current ratio R as a function of Eh/K1 for several values of b/h 

 
Fig 2. The Townsend energy factor, KT as a function of the applied electric field to the gas Pressure ratio, E/P for Ar,He,N2 

gases and Ar(5%)-H2(95%) mixture in case of Maxwell and Druyvestyn velocities distribution 

 

Fig 3. The mean electron velocity, u as a function of the applied electric field to the gas pressure ratio E/P, for Ar, He , N2 

gases and Ar(5%)-H2(95%) mixture in case case of Maxwell and Druyvestyn velocities distribution 
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Fig 4. The Root-mean-squre velocity, <u

2
>

1/2
  as a function of the Townsend energy factor,K1, for Ar,He,N2 gases  

    and Ar(5%)-H2(95%) mixture for both Maxwell and Druyvestyn velocities distribution 

 

Fig 5. The mean electron velocity, u , as a function of the Townsend energy factor,K1, for Ar,He,N2 gases and Ar(5%)-

H2(95%) mixture in case of Maxwell and Druyvestyn velocities distribution 

 
Fig(6)  The mean electron free path, L, as a function of the applied electric field to the gas pressure ratio E/P, for Ar,He,N2 

gases and Ar(5%)-H2(95%) mixture in case of Maxwell and Druyvestyn velocities distribution 
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Fig 7. The electron drift velocity to the diffusion coefficient ratio, Vd/D, as a function of the applied electric field to the gas 

pressure ratio E/P, for  Ar,He,N2 gases and Ar(5%)-H2(95%) mixture in case of Maxwell and Druyvestyn velocities     

distribution 

 
Fig 8. The average energy loss per collision,η, as a function of the drift velocity square to the Townsend energy factor ratio K1, 

for Ar,He, N2 gases and Ar(5%)-H2(95%) mixture in case  of  Maxwell and Druvestyn velocities distribution 

 
Fig 9. The gas kinetic cross section ,σ, as a function of the applied electric field field to the gas pressure ratio, E/P, for 

Ar,He,N2 gases and Ar(5%)-H2(95%) mixture in case of Maxwell and Druyvestyn velocities distribution 
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