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Abstract: 

In this paper we report the result of investigation of the variation of 

discharge current in rectangular tube with discharge voltage for N2 and 

CO2 gases, these experiments are conducted for gas pressure from (0.75 

Torr) to (7.5 Torr). Sparking voltages are measured for these gases over 

this range of pressure as well as the relations between electric field (E/P) 

with (P), variation of discharge resistance (R) with (P)  and conductivity 

()as a function of (P). These  results show that the sparking potential 

vary with the product (pd) in accordance with paschen curve. The 

discharge characteristic is similar to the conventional discharge tube 

except the relation of  (E/P) as a function of (P) .  

 

 خصائص التفريغ للغازات الجزيئية في الأنابيب المستطيلة

 صفاء الدين عبدالله سليمان  الطائيم.م. 
 ساسيةالأ التربية كلية / الموصل جامعة

 : البحث ملخص
ي ي مم ي ترو ممرةيثروبي مممة يثرلتمموغت ة تممفي مماياممحثيثراسممتييرثتممريتلتممييت مم ريثروبي مممسي ممايثع فممتية

ي 2COو 2Nرلم ي ييي م   ي ة يمم ية ي ضمطي ملزة (.ي7.5Torr(يإرم ي 0.75Torr.ييتمفيثرميثايثرورم ريس
ي  ع مم  ري يثر مملزة مم   إرمم يثرقةِممرةي ممت يتممفييا مم لي ترو ممريث  ه مم ريرهممحعيثرلمم يثمي ضممطياممحثيثرلممطاي ة

ممم يثر ممملزي E/Pثرلرممم ليثربهييممم  اي  ممم ي R(يوثخممموةقي م و مممرةيثروبي ممممي P(ي س (يوثروتصمممت  ريP(ي س
  كطثرمممممرير  ممممملزي)P يتلتممممميي ترو مممممريث  ه ممممم ري ممممم ي ي ممممم الا (يطامممممم حيرلضسضممممم يpd(.يتُظهمممممييثرضسوممممم  ةيس

Paschen يخصممم  ليثروبي ممممسي لممم  هريرو ممم يثرومممايلا فمممتييثروبي مممميث  و ممم ي ي   مممطثي ةِمممرةي.يإالا
 E/P يكطثررير  لزي)P.)ي

Introduction : 
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Rectangular discharge tubes has become the subject of renewed 

experimental interest (1-4). The plasma density profiles of the positive 

column in rectangular discharge tube have been theoretically analyzed by 

Chang (1) by expanding the ambipolar diffusion theory originally 

proposed by Schottky (5). However, there have been few experimental 

studies concerning the rectangular discharge tube. Thus, it is  important to 

experimentally investigate the discharge characteristic in rectangular tube 

using molecular gases.  

 

Apparatus and experimental arrangement : 

A schematic digram of the rectangular discharge tube  structure is 

shown in Fig (1). Discharge tube has two electrodes,  a rectangular 

plasma length of (45mm) and the positive column profile is 40 x 25 mm. 

The electrodes consist of two stainless steel discs of diameter (15mm). 

Discharge tube was evacuated to   (0.75 torr) by a rotary pump. The 

absorbed gases on the wall and electrodes were removed by usual baking 

processes. The gases used  in these measurements were N2 and CO2 . 

Purity of both gases was 95%. High stability [Leybold (52237)] power 

supply was used to cover the voltage range up to 6kV, during the course 

of this investigation. The discharge voltage was measured using high 

input impedance multimeter type (Tesla voltage BM289). In Fig.(2), (R) 

represents a (200 ) standard resistor were inserted in the circuit served 

as stabilization resistor of glow discharge .    

 

 

 

 

 
                            To vacume system 

ةِي A 
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        Fig (1) Discharge tube                           Fig (2) Experimental Setup 

 

Experimental Results: 

The measurements were carried out by keeping pressure of the gas 

N2 or  CO2, constant at particular value, the applied voltage was varied. 

The sparking potential was measured as the maximum critical voltage can 

be applied to the gap before the sudden increase in the current of the gap . 

Fig (3) shows the sparking potentials in N2 and CO2 gases as a function of 

(pd) where (p) is the gas pressure and (d) is the distance between 

electrodes . It has been shown that the sparking  potential increase  as the 

(pd) decreases. These results show the left side of paschen curve. The 

measurements could not be extended to higher (pd) value due to the 

limitation of the experimental apparatus.  

 

 

 

 

 

 

 

 

Fig (3) The sparking potentials in N2 and CO2 gases as a function of (pd) 

A series of (V-I) measurements are carried out to investigate the 

behavior of electrical discharge in rectangular tube configuration  over a 

ةِي V 
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certain range of N2 and CO2 pressure extending from (0.75 Torr) up to 

(7.5 Torr). Figs (4,5)  shows that as the pressure increases the 

characteristic curve shift upward .  

The discharge characteristic which show two different regions of 

self- sustained discharge. The first one where the voltage decrease as the 

discharge current is increased,  which is the subnormal glow, the second 

where the voltage is almost constant with increasing the discharge current 

, which is the normal glow. 

 

 

 

 

 

 

 

 

Fig (4) The (V-I) measurement at different Pressure for N2 

 

 

 

 

 

 

 

 

Fig (5) The (V-I) measurement at different Pressure for CO2 

Fig (6) show the experimental relation of (E/P) with (P) for CO2 and N2 

gases. It can be seen that the values of (E/P) decrease as (P) increase 

reaching a minimum value and it start to increase gradually. 
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Fig (6) The  relation of (E/P) with (P) for CO2 and N2 gases 

 

Since the discharge conductivity was varied with pressure same as the 

electron temperature (6). Therefore Fig (7) show the effect of pressure 

increase on conductivity( ). It can be seen that the conductivity 

decreases with increase (P). 

 

 

 

 

.Cm)-1 x10-3 

 

 

 

 

 

Fig (7) The relation between conductivity and pressure of N2 and CO2 gases 

Fig (8) explains the variation of discharge resistance with gas 

pressure at constant value of discharge current [Id (1.72 mA)].  
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Fig (8) The relation between resistance and pressure of N2 and CO2 gases 

 

Discussion & Conclusion: 

The sparking potential is proportional to the total number of the gas 

atoms which were limited the mean free path of electrons. The number of 

the excited gas atoms depends on the excitation process from the ground 

state gas atoms. The excitation occurs due to collisions between  gas 

atoms and electrons of higher energy, which are proportional to the 

electron density. Therefore the gas pressure affect  the sparking potential 

as well as the V-I characteristic curve. The increase of sparking potential  

with (pd) can be attributed to the mean free path of electrons  at large (p). 

However, the mean free path is small and few electrons acquire sufficient 

energy over a mean free path to ionize. Hence most of the electrons 

produce electronic or molecular excitation. One can see that the sparking 

potential  in CO2 is greater than N2 for the same value of (pd). This can be 

ascribe to the ionization potential for both gases (7). The change in gas 

discharge characteristic can be attributed to the transition from left of 

Paschen to the minimum as it is mentioned above.   

The behaviour of (E/P) with (P) can be ascribed to the energy of 

electron which was lost in its motion within the electric field along the 
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positive column. (8) the gradually increase of (E/P) with increase (P) is 

attributed to the motion of electrons toward the walls(1,9). 

The increase of discharge resistance, decrease of conductivity with 

gas pressure is due to increase of number of collision between gas atoms. 

So that, the electron loses most of its energy by unionized collisions (10). 

 

 References : 

1. Chang, J.S. Ichikawo,Y.and Teu,S.: "The effect of discharge tube 

shape and flow velocity on the electron tenperature of a medium 

pressure pastive  columm ". Jpn. J Appl.phys 18(1979) .847-848. 

2. Kaneda ,T. Imamoto ,N Kubota ,T.and Chang ,J.S.: "The electron 

temperature in a medium pressure rectangular tube positive column 

plasma" .Bull.Am.phys.Soc,29(1984),p 143. 

3. Kaneda,T Kubota ,T. And chang .J.S ,"Electron temperture and axial 

electricfield in a medium pressure He-Ne and He-Ar gas mixture 

rectangular tube positive column plasma". The IC PIGConf.2 (1985) 

691-693. 

4. Chang, J .S .: "the electron temperature in a positive column with 

volume recombination" .J.phys.D: Appl. Phys. 9 (1978)L 137. 

5. Schottlcy.W.: "Diffusion theorie der positive saule.", Phys.Zeits.,25 

(1924) . 635-640. 

6. Al-Hakary (1990), "Measurement of Electron Temperature Te Using 

double probe Method in DC Arcs at Low – Pressure " M.Sc. Thesis, 

Phys. Dep., College of Sci., University of Baghdad, Iraq. 

7. Von Engel , A. :"Ionized Gases',1955,1st edition, Oxford at the 

Clarendon press. 

8. Browen, S. C. (1965), "Introduction to Electrical Discharge in Gases", 

John Wiley and Sons INC,P.221, New York, USA. 



 Saffaa Aldeen A. S. Al-Taie   

259 

9. Al-Badrani (2005), " Effect of Axial Magnetic Field on DC Glow 

Discharge Plasma Parameters in Nitrogen at Moderate Pressure" 

M.Sc. Thesis, Phys. Dep., College Education, University of Mosul , 

Iraq. 

10. Flesch, P. & Neiger, M. (2002), J. Phys., Vol.35, PP.1681-1694, 

Germany. 

 

 

 


