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1. Introduction 

     When the imagine gas diffuses and spread into the environment, because gas molecules collide with each other, causing them 

to change in speed and direction. Therefore, they can never move in a straight path without interruptions. Between every two 

consecutive collisions, a gas molecule travels a straight path. The average  distance of all the paths of a molecule is the mean free 

path. For Example ; a ball traveling in a box where the ball represents a moving molecule. Every time it hits the wall, a collision 

occurs and the direction of the ball changes. 

     In figure (1), the ball hits the wall four times, causing four collisions. Between every two consecutive  collisions, the ball 

travels an individual path.It travels a total of three paths between the four collisions;each path has a specific distance,d.The mean 

free path of this ball  is the average distance of all three paths, which is [1,2,3]. 
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where  refers the mean free path 

 

Figure 1. The diagram of mean free path. 

The concept of the mean free path for the particles is the common used in the physics, such as, in kinetic theory, in acoustics, 

in optics, in radiography, in particle physics, and in nuclear physics [4,5]. 

 2. Derivation    

     Consider a beam of particles being shot though a target, and  assume an infinitesimally thin slab of the target Figure (2). 

     The atoms (or particles) that might stop a beam particle.The value of mean free path depends on the characteristic of the system 

the particle is [6]: 
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ABSTRACT 

The mean free path, in edition, gas density ratio, molecule radius average time between 

collisions average velocity of molecule, and the diameter of the molecule for both 

Maxwell and Druyvestyn Velocities distribution law are performed by numerically 

solving the Boltzmann transport equation. This achieved for helium and nitrogen gases 

under influence the applied electric field to the gas pressure ratio ,E/P, between 

(3.9131x10
-3

-0.9767) and (1.611-16.115) (V cm
-1

 Torr
-1

) respectively at 300
0
 K. The 

obtained results are agreement with the experimental data.                                                                                   
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Figure 2. Target slab. 
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n


 

whereas   refers to the mean free path, n refers to the number of the target particles per unit volume, and  refers to the 

effective cross sectional area for collision. The area of the slab is L
2
 and its volume is L

2
dx. The number of stopping atoms in the 

slab is the concentration n times the volume. i.e. nL
2
dx. The probability that beam particle will be stopped in that slab is the net 

area of the stopping atoms divided by the total area of the slab. 
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where   refers to the area (or, more formally, the "scattering cross section" ) of one atom. 

     The drop in beam intensity equals the incoming beam intensity multiplied by the probability of being stopped within the 

slab: 

 4dxIndI   

this equation is called ordinary differential equation. By simplified the Eq.(4) yields: 
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substitute Eq.(2) into Eq. (5) yields: 
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the solution of the Eq. (6) is known as: 
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where x is the distance traveled by the beam through the target and Io is the beam intensity before it entered the target,   is called 

the mean free path because it equals the mean distance traveled by a particle beam before being stopped. The probability that a 

particle is absorbed between x and x+dx is given by:  

 8
)()(

)( dxe
I

I

dxxIxI
xdp

x

o











 

the value average x is : 
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  substitute Eq.(8)into Eq.(9) yields: 
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where x is equal to the thickness of the slab x=dx, which is the fraction of particles that were not stopped (attenuated)by the slab 

called transmission  

T=
)exp( 

x
I

I

o


.  

3. Theoretical background  

Consider the steady-state f
o
 distribution for the electric swarm in an applied uniform electric field strength as[7,8]: 
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where  is the electron velocity, G is the energy loss factor, m is the momentum transfer collision frequency, k is the 

Boltzmann factor, Tg is the gas temperature, e is the columbic charge, and the electric field E is a long the negative z-axis 

direction . 

4. Calculation of the transport coefficients 

 When solved the Boltzmann transport equation numerically (11) could be obtained electron average energy, u  and the 

diffusion coefficient to the mobility ratio, D/µ. 

5. Formulation of the problem 

     From equation (1) we cannot be calculate the mean free path by taking the average of all the paths because it is impossible to 

know the distance of each path traveled by a molecule. However we can calculate it according to the Maxwell-Boltzmann 

distribution law for molecular velocities by the following relations [9,10]. 
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substitute Eqs. (13-17) into Eq(12 gives: 
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In edition, the collision frequency ,, can be find from the relation  

 202 2
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Eqs. (18) and (19) are represent the mean free path or average distance between collisions in terms of Maxwell and 

Druyvesteyn distribution law respectively. 

Substitute Equation (20) into Equation (12) gives: 
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where 

 : 
average

 
speed of the molecule, (cm/sec). 

v : collision frequency, (sec
-1

). 

K : Boltzmann constant, (1.3805 ×10
-23

 J/
o
K). 
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T : gas temperature. Kelvin, (k°) 

m : electron mass, (9.109×10
-28 

 gm). 

e : electronic charge, (1.602×10
-19 

coulomb). 

n : concentration of the particles, (cm
-3

).    

K1 : Townsend's energy factor, (eV). 

KT : loss energy factor, (eV).  

D/ : The ratio of the diffusion coefficient to the particle mobility, (eV). 

D : diameter of the molecule, (cm). 

d : The traveled distance between two consecutive collisions, (cm). 

N/V : particle  density, (gm/cm
3
).

  

n/N  : density ratio. 

E/P : The ratio of the applied electric field to the gas pressure, (V.cm
-1.

torr
-1

).  
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since the factor (n/N) replace the factor (n/V), 

from Eq.(22) we can find: 
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Substitute Eqs. (18,19) into Eq. (24) gives: 
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where R refer to the radius of the molecule . 

Equations (25) and (28) were represent the diameter of the molecule in terms of Maxwell and Druyvesteyn distribution law 

for velocities respectively and Equations (27) and (30) were represent the radius of the molecule in terms of Maxwell and 

Druyvesteyn distribution respectively. 

     We consider that the molecules interact like hard spheres, according to the kinetic theory of gases, it follows that[11]: 

 31



 

 

where  refers to the mean time between the collisions . 

substitute Equations (18) and (19) into Equation (31) respectively, yields: 
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Equations (32) and (33) were represent the average time between the collisions in terms of the Maxwell and Druvesteyn 

distribution respectively. 

6. Results and Discussion 

The molecules can never move in a straight path without interruptions because they collide with each other, causing them to 

change in speed and direction as showing in the figures. In kinetic energy mean free path or average distance between collisions 

for a gas molecule may be verified with the literature [6,12]. 

 Figure(1) represents the mean free path of the molecule as a function of the average velocity, and according to the Maxwell-

Bolzmann distribution velocities law as in equations(18) and (19) are showing the average distance traveled by a moving molecule 

between collisions could be increased at average velocities between (8.810
4
-1.610

5
) cm/sec for Helium gas and (1.08910

6
-

5.75210
6
) cm/sec for Nitrogen gas, but reduces between (1.6610

5
-8.4510

5
) cm/sec for Helium gas.      

Figure (2) was show the mean free path increase with the density ratio between (2.57110
-13

-3.61610
-12

) and (4.17610
-8

-

6.67910
-7

) for Helium and Nitrogen respectively but after the point 2.44410
11

 for Helium gas, the mean free path was decreased 

with increasing of the density ratio, this mean, the molecules were become closer to each other, when a gas density increases, for 

both Maxwell and Druyvestyn distribution law Helium(He) and Nitrogen(N2) gases. 

 

Fig 3. The mean free path,  , as a function of the molecule average velocity,  , for both Maxwell and Druyvestyn 

velocities distribution law in He and N2 gases. 

 

Fig 4. The mean free path ,, as a function of the density ratio , n/N,for both Maxwell and Druyvestyn velocities 

distribution lawin He and N2 gases. 

     Figure (3) shows decreasing the radius of the molecules will increase the space between them, causing to run far each 

other more, wherefore mean free path increase. 
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Fig 5. The radius of the molecule, R, as a function of molecule diameter ,D, for both Maxwell and Druyvestyn velocities  

distribution law in He and N2 gases.    

Figure (4) were appear the mean time between collisions as a function of the Townsend's energy factor, K1 and the loss 

energy factor, KT , therefore, according to the equation (32) and (33), the mean time decreases with increasing of K1 and KT .     

 

Fig 6. The mean time between the collision as a function of  Townsend'senergy factor, K1, and the loss energy factor , KT, 

for both Maxwelland Druyvestyn velocities distribution law in He and N2 gases. 

7. Conculusion    

I- Radius of molecule :increasing the radius of the molecules will decrease the space between them. Causing them to run into each 

other more, Therefore, mean free path   decrease. 

II- The molecules become closer to each other ,when a gas density increases. Therefore, They are more likely to run into each 

other, so the mean free decreases. 

III- Another factors that affect density can indirectly affect mean free path as,  temperature, pressure.      
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