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Abstract:  

In this paper the velocity of distribution is studded by using Thomas Fermi 

model for Aluminum atom depending on the Screening function. The input 

parameter was found by using Screening function that expressed theoretically 

to estimate stopping force. From the statistical point of view, the Thomas 

Fermi model gives an opportunity that depends on the atomic number of 

atoms of target substances. 
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I. INTRODUCTION 

For target material compound or element 

stopping data are entail for predicting the 

parameter of stopping phenomena and to 

establish the relationship between 

compounds and elements when the 

theoretical and expressional values are 

available. By using Thomas and Fermi 

statistical method that of atomic number of 

atoms that constant the element of target 

materials [1]. 

II. THOMAS-FERMI METHOD OF 

THE ATOM (STATISTICAL) 

This method regard the cloud of element 

like Fermi gas that depends on the density, 

the minimum total energy of the atom 

(kinetic and potential) determined the 

density profile [2, 3]. By assuming the 

potential energy is similar to classical 

coulomb energy that distribute in the field of 

nucleus, while the kinetic energy behaviour 

according to quantum theory by the 

relationship between the Fermi wave 

number and the density of electron. 
3
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Thomas – Fermi method is needed to study 

the behaviour of atomic parameter. Which 

depend on the atomic number and the 

predict table is accounted for these number 

variations to estimate the potential energy 

and the kinetic energy of the cloud of 

electrons in the field of nucleus of the 
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neutral atom (z) electrons of nucleus with 

radius (r) that composed of shell of energy 

of the clouds of electrons [2]: 
2 2

( )
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= −   (2) 

The kinetic energy can be estimate by: 
2 5/3

2

z
E

mr
=   (3) 

For Thomas model the minimum total 

energy at:
 2

0

2 1/3 1/3TF

a
r

me z z
= =   (4) 

0a is the Boher radius, by this equation, 

kinetic, potential and total energy can be 

estimate for each electron [3]: 
7 /3 4

2e

z me
E =   (5) 

The velocity of electron can be derived: 
2/3 2

2/3

0e

z e
z = =   (6) 

0 is the velocity of Boher which is 

2e
. 

The angular frequency can be obtained: 
4
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From equation (7) the scaling rule can be 

predicted by Bloch for I-value [2]. 

2 0I z I= =   (8) 

The value of 0I will be was estimate with 

the range of 10ev [5], it is necessary to 

mention that I  has the dimension of an 

energy, it has no scale either 

4

3
2z or 

7

3
2z , it is 

important to mentions that the behavior of 

frequency of I is the same in Both quantum 

and classical theory, the first shell correction 

scaling property can be estimate as [5]. 
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 = − − −   (9) 

e is the density of electron [6]. 

2
4 20 0
22
( )z

 

 
− = −   (10) 

We note there is increase the atomic number 

for stopping materials. Lastly, the Factor of 

Barkas-Andereson [7]: 
2
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3r

z e
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Then we get:  

1 2 0 0

3r

z z I
B

m




=   (12) 

These relations are very important to assess 

the effects of various to gather for 

interpolation. The distribution of velocity for 

charged particle according to the electron 

distribution the decreasing the total energy 

( )en r normalized for electron number of the 

atom, this lead to equation of Thomas-Fermi 

[9]. 
7
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We can reform the equation (13) as: 
3

2 2
( ) .( )04

r r
e    − = −   (15) 

By numerical solving of equation (15) and 

according to Pissons law, the distribution of 

electron as relation to the potential: 
3

2
0( ) ( )e rn r   = −   (16) 

According to the equation (15) we can 

rewrite the potential of neutral atom as: 

( ) ( )r

e

ze r

r r
  =   (17) 

Where: 
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And the density of electron as: 
3 3
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  (19) 

We can find the distribution of velocity in 

Atom of inhomogeneous electrons of gas in 

real and velocity. For f  the space is: 

3

( )
4

m
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  (20) 

When f  the ( ) 0F  = . The spatial 

variable integration leads to normalized to 1 

to velocity spectrum: 
3
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Equation (21) could be written as: 
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1r defined as: 

3 3

1 2 3
( )

3

m
n r




=   (23) 

In unite of dimension. 

1
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This yield: 
3
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2 1.7706 ry
x


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The equation (25) can be written as: 
3 2

( ) 0.71 rF x   =   (27) 

The Somerfield 1932 approximation with 

0.8034 = is [10]: 
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  (28) 

 

III. RESULTS AND DISCUSSION 

Figure 1 show the behavior of electron 

density for Aluminum in respect to Fermi 

model. We can see reversible relationship 

between 
𝒙

𝒓
 on the x-axis and 

𝒏

𝒛
 on the y-axis, 

when the values of 
𝒏

𝒛
 decree the value 

𝒙

𝒓
increase. When the value of 

𝒏

𝒛
~ 𝟑𝟎, the 

𝒙

𝒓
 

take value equal to 0.01 as shown below. 

 

 

 
FIGURE 1. Density of electron for 

Aluminum in respect to Fermi model. 

 

Figures 2 and 3 denote the behavior in both 

large distance 3( ) 144 /r x x = and small 

distance, r  as exponential. 
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FIGURE 2. Screening Function of 

Aluminum in respect to Thomas-Fermi 

model. 

 

 
FIGURE 3. Screening Function of 

Aluminum. 

 

Figure 2 represent the relationship between 

x/r on the x-axis and the value of ∅𝟎 at the 

y-axis. When the ∅𝟎 value increase; the 
𝒙

𝒓
 

value decrease and the fixed value of ∅𝟎 

still constant then drops continuing with 

increase 
𝒙

𝒓
 value. 

Figure 3 represent the relationship between 
𝒙

𝒓
 on the x-axis and the value of ∅𝟎 at the y-

axis. It represent an exponential behavior, 

the maximum value of ∅𝟎 = 𝟏 correspond 

to zero value of  
𝒙

𝒓
. Figure 4 showed the 

function of Aluminum due to equation (27) 

by using Somerfield. 

 

 

 
FIGURE 4. The distribution of velocity 

estimated according to Thomas Fermi. 

 

It represents the relationship between 𝑽𝒆 at 

x-axis and 𝐟𝐕 on y-axis. From this figure we 

can note the value of 𝐟𝐕 will decrees 

gradually when 𝑽𝒆 increases. While, on the 

left side we note increase in 𝑽𝒆 with 

increase of 𝐟𝐕 then reach the peak point. But 

on the right side the relationship is invisible 

between 𝐟𝐕 and 𝑽𝒆. 

IV. CONCLUSION 

The Thomas Fermi model highlights the 

behavior of parameters of atoms which 

depend mainly on the atomic number. The 

properties of scaling has great roles for 

majoring the stopping forces. On theoretical 
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basis the Aluminum atom velocity behaviors 

is met mainly in large distance
3( ) 144 /r x x = . For the small distance r  

will expressed as exponential. 
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