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Abstract 

      The relation between the effective secondary emission coefficient (ESEC)   and 

temperature has been studied for He and Ne atoms. So we are studied the variation of    with 

reduced electric field to the gas pressure  pE  between electrodes at different temperature (T ) 

for each gas. It has been found  that the ESEC increase with ( pE ) at constant (T ) and  

decreases with temperature at constant ( E ).  
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Introduction 

  The effective secondary emission 

coefficient   , which can be define as the 

number of the secondary electrons yield as a 

result of positive ions bombarded the 

cathode surface[1], and it is an important 

parameter in gas discharge physics[2]. 

 A gas discharge physics is a 

fascinating area of research and a source of 

many important applications ranging from 

plasma lighting to ozone production, and 

from etching of computer chips to 

production of solar cells. Gas discharge can 

be created by applying electric field through 

a gas which filled the  gap between 

electrodes[3].  

 A theoretical treatment for ESEC 

has been developed recently by Nagorny and 

Drallos[4]. This treatment has been used 

with more details in this work for calculation 

of different parameters which can be 

affected on the ESEC. 

 Flat surfaces of anode and cathode 

with gap distance, d  have been  considered 

and  the z-axis is treated normally to the 

cathode, so that the applied electric field is 

anti-parallel of the axis. Also we consider 

the electric field is weak and the density of 

the noble gas is high in this treatment, 

therefore the mean free path  of emitted 

electron e  is small compare with  the 

distance between electrodes  and the kinetic 

energy that electron gains eeE between 

collisions is also small compare with its 

initial  kinetic  energy ( WeE e   ). 

 Because of the symmetry of the 

problem, one conclude that the gradient of  

the electrons distribution function is linear 

with the z-axis. Also the  electron 

distribution function is isotropic at distance 

from the electrode exceeding a few  times  

of e [4]. 

 

 

The theoretical consideration 

  The  system containing neutral atoms, 

ions and electrons can be described  by 

Boltzman’s distribution function as, 
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Where f  is a distribution function for species

 , which is a function of position r , velocity u


and the time t . q  and m  are the charge and  

mass of species     respectively, E


 and B


are  

electric and  magnetic fields. 

In the absence of the magnetic field,

0B , we rewrite Boltzman’s equation for 

electron in the z-direction in the form 
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In order to solve equation (2), we use for 

the electron distribution function (EDF), the 

relation [5] 
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Where f   is isotropic part and 
1f  is anisotropic 

part. The second term of equation (3) could be 

written as  
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                             … (4) 

  is the angle between velocity vector and the z-

axis.  

The isotropic part and the anisotropic part of 

EDF associated with each others in the following 

two equations[5],  
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And 
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     fCfCS elil                               … (7) 

 

zz EEE                                            … (8)  

 where E is the electric field. meu ,,  are the 

velocity, charge and mass of electron, 

respectively,  fCil
 is an inelastic collision term 

and  fCel
 is the part of electron elastic 

collision term describing the exchange between 

electrons and neutral gas atoms. 
1S  and S are 

the terms of collision, for 
1S , we used simple 

expression [5] 

 

11 fS tr                                                   … (9) 

With 

  

uN trtr                                                … (10) 

Here N  is the background gas density, tr  is 

the electron-atom momentum transfer cross 

section and tr  is the frequency of elastic 

collision between electron and neutral gas. With 

the condition [5] 
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By using equation (9) and equation (11),  

equation (6) is taking the form 
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This equation gives the anisotropic part 
1f  of 

the EDF by the term of isotropic part f . We 

rewrite equation (5) and by using equation (12) 

in the form 
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With some simplification equation (13) is taken  

the form 
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The electron density is related to the isotropic 

part of the EDF is defined as[7] 
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and the electron current density is related to the 

anisotropic part of the EDF,    fufu
u

 1

1 
 , 

which can be defined as[7] 
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Use equation (4) into equation (16), and  

integrated it result,  
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(17)                                                

To simplify equations (12) and (14), the change 

of variables  uz,  into the independent 

variables  ,z , can be used 
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and 
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Where  

eEzmu  2

2

1
                                        … (20) 

                                             

Because of the existence of the electric field, we 

can neglected the elastic collision term

  0fCel ,  and the inelastic collision term is 

given by [4] 

 

     fufC ilil                                   … (21)   

The inelastic collision can happen at the certain 

distance from the cathode  Wz I , which is 

given by 

 

    eEWWWz exI                            … (22) 

where exW is the excitation energy of neutral 

atom and W is the electron energy near the 

cathode. Therefore we need to find the solution 

of equation (18) at this distance  Wz I
. The 

stationary solution of equation (18) is given 

by[4] 
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By using the energy conservation law with the 

help of equation (20) and using 2

2

1
mvW  , then 

we can write equation (23) in the form 

       WeEzWzFzf   )(,       … 

(24) 

by substituting the stationary solution (equation 

24), equation (21) and   0fCel   into 

equation (19), we can write 
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In order to use il  in the equation (25), instead 

of il  we use the approximation il   instead of 

il  can be used in equation (25) because 
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where il  is the derivative of il . 

The energy conservation must  satisfied when we 

used the stationary solution, i.e. 

  

eEzWW                                        … (27)  

From equation (23) we can write 

 

Iex eEzWW   … (28)                               

Where z is the distance between electron and 

cathode. From equations (26), (27) and (28), we 

can write equation (25) at exWW   in the form, 
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equation (29) is an Airy differential equation. 

The solution in the region 

 0 II zzzz  , is[4] 
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When we use the stationary solution and 

using the properties of delta function[8] then 

equations (15) and (23) give an expression for 

the electron density, 

 

 uzFne  2                                        … (32) 

and the electron current density could be find  

form equations (17) and (19), 
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We must used the solution of Airy differential 

equation at the region  0 II zzzz   

, in equation (31) to applied the boundary 

condition for the electron current density. The 

boundary condition of the electron current 

density at 0z  for small electric fields and 

isotropic distribution of secondary electrons is 

given by  [9] 

 

    4 uenjWGWj eiie                … (34) 

where mWu  2 is the electron velocity 

near the cathode surface, ij  is the ion current 

density, i  is the secondary emission coefficient 

for gas in vacuum and  WG  shows what part of 

the emitted electrons has the initial energy  in  

the  range   dWWW ,  and satisfies the 

normalization condition [4] 
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by applied the solution of Airy differential 

equation in the region  0 II zzzz   

equations (32) and (33) could be written in the 

form 
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using these equations into equation (34) and 

rewrite the solution for  IzF  then 
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By using equation (38) into equation (37), one 

can obtained the ratio 
i

e

j

j
such as 
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From the definition of ESEC, 
i

e

j

j
 ,  then 

will be 
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The quantity 
C

1 in the second term of right of this 

equation  can be found by solving Airy 

differential equation in the region 

 0 II zzzz    such  as [4] 

 

 

31

2

11


















tril

tr

ex eEuC 


                        … (41) 



AL-Qadisiyha Journal For Science  Vol.21  No. 1  Year 2016 
Salman Hamza Hussein   T. A. Selman*      H. A. Jassem.    ISSN 1997-2490 

 6 

 

and 

 

1

0

3

2
31

2

2

4

3

4

3
1

































 

Iz

tr

tril

tr

ex

i dz
u

u

eEu

u
WG






 



                                                                   … (42) 

We can write 
2

2

exu

u  and 
3u  in the forms 

 

exex W

W

u

u  
2

2

                                                … (43) 

 

and 
23

33 1 














W

eEz
uu                                … (44) 

 Use these definition from equations (43) and 

(44) into equation (42) then, 
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Now the last term in equation (45) could be 

simplified to be  
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We can write equation (46) in the form  
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Where  

exW

W                                                     … (48) 

and 
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(49) 

Where p is the gas pressure, and X
~

 is denoted 

the characteristic electric field reduced to a 

pressure of 1 Torr, 
 extr
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We
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~ , or we can 

write X
~

 in the form  
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The function   is     
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And the coefficient   is 
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After integrating over W , ESEC results as a 

function of reduced electric field as the follow 
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0

,

W

dWXWX                          … (53) 

 We treat equation (47) and equation (53) for  He 

and Ne atoms by considering  the function 

 WG  is fixed for the electron energies less than 

maxW  and zero for electron energies greater then 

maxW . From normalization condition, we have 
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             When the distribution of emitted 

electrons is wide and most of electrons are 

emitted in the energy range exW0 where the 

function    also has a maximum and changes 

very little over this energy range. In this case we 

substitute    by its average value which is 

given by[4] 
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From equations (47), (53) and (55) we get 
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Using equation (54) and integrate, we get 
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using equation (54) into equation  (58) we can 

write  
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By using the gases law, equation (59) 

could be converted as a function of temperature  
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Where T  is the gas temperature and 
BK  is the 

Boltzman constant. 

 

Results and discussion  

 The  values of X
~

and    depend on 

the momentum transfer cross section , tr  , for 

the gas. So we take an experimental data for the 

momentum transfer cross section  to a collision 

of  electron with He and Ne atoms[10,11]. We 

made a fitting for this experimental data to be 

suitable with our programs. 

 The coefficient   depends on the 

momentum transfer cross section and the 

ionization cross section or energetic distribution 

of the single differential cross section il  . Also 

an experimental data for ionization cross section 

has been used. 

 Figure (1) illustrated our calculation for 

the function    as a function of  for He 

and Ne respectively. Our results are comparing 

with that calculated by [4] and we found a very 

good agreement.  

 Figure (2) shows the change in the ratio 

i  versus the applied reduce electric field for 

He and Ne at different temperatures 

  KandKK  373   298 , 273  and with 

maximum electron energy eV 10max W . In this 

case we are assumed that the temperature is 

fixed along the time of experiment. From these 

figures, one could see that   is increase with 

increasing T  and the ratio pE . 

 In figure (3)  we draw  the changing of 

i  versus the temperature for He and Ne for 
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different values of the electric field 

 cmvandcmvcmv / 1000    / 100 ,/ 10 at 

maximum  electron energy eV 10max W . In 

this case we are assumed that the applied electric 

field  is fixed along the time of experiment. 

From these results we conclude  that the ESEC 

decrease with  T  and increase with applied 

electric field. 

From figure (1) we conclude that 

(ESEC).increase with the ratio )/( pE  at 

constant temperature while (ESEC) decrease 

with increasing temperature at applied constant 

electric field. 

Finally our result compare with that 

calculated by other calculations and give good 

agreement with it.
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Figure (1): the function    as a function   for He and Ne. 
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Figure (2):  i  versus the applied electric field reduce to the gas pressure for He and  Ne for  

                    different temperatures   KandKK  373   298 , 273  at maximum electron energy  

                    eV 10max W . 



AL-Qadisiyha Journal For Science  Vol.21  No. 1  Year 2016 
Salman Hamza Hussein   T. A. Selman*      H. A. Jassem.    ISSN 1997-2490 

 11 

200 300 400 500 600 700 800 900

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

W
max

=10 eV

He

 

 

  E=10 v/cm

  E=100v/cm

  E=1000v/cm


 i

Temperature  K
0

 

200 300 400 500 600 700 800 900

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

W
max

=10 eV

Ne

 

 

 E=10 v/cm

 E=100 v/cm

 E=1000 v/cm

 
/ 
 i

Temperature K
0

 

Figure (3):  i  versus the temperature for He and Ne for different valuesof the electric  field  

                   cmvandcmvcmv / 1000    / 100 ,/ 10 at maximum electron energy eV 10max W . 
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 درجة الحرارة على عامل الانبعاث الثانوي المؤثرتأثير 

 لغازي الهيليوم والنيون

 2/01/7102تاريخ القبول       72/2/7102 تاريخ الاستلام     

 

 هيفاء عبد النبي جاسم*                   طالب عبدالنبي سلمان*                   سلمان حمزة حسين    

 القادسية.كلية الطب البيطري، جامعة 

 *كلية العلوم ، جامعة البصرة.

 الخلاصة

 مع دراسة تغير تم ودرجة الحرارة لغازي الهيليوم والنيون. كذلك  عامل الانبعاث الثانوي المؤثر تم دراسة العلاقة بين

وضغط الغاز الجهد المسلط بين قطبينالنسبة بين  pE  عامل الانبعاث الثانوي  لكل غاز. وجد بان  عند درجات حرارة مختلفة

المؤثريزداد مع النسبة  pE  عند ثبوت درجة الحرارةT  عند ثبوت المجال الكهربائي المسلط ويتناقص مع زيادة درجة الحرارة((

E بين القطبين. 

 

 

 

 الانبعاث النانوي المؤثر ,  التفريغ الكلمات المفتاحية:  درجة الحرارة  , عامل

 *البحث مستل من أطروحة دكتوراه للباحث الاول


