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Abstract: In the present paper, an attempt was made to 

investigate the effect of axial magnetic field on electrical 

breakdown characteristics in air at near - atmospheric 

pressure. The presence of the magnetic field decreases the 

breakdown voltage and increases the leakage current. The 

effect of magnetic field on the breakdown voltage 

characteristics shows a marked dependence on the gap 

spacing, gap pressure, electrode configuration and the type 

of applied magnetic field. 
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1.  INTRODUCTION  

The electrical breakdown of gases has been, since long 

time, the subject of many studies. The interest in these 

studies is the effect of the magnetic field on the 

characteristics of electrical breakdown. The influence 

of a magnetic field applied perpendicularly to the 

electric field on the breakdown mechanism in gases 

has been studied for many years[1-7], and a good  

recent review of the subject was given by Heylen [8], 

but the influence of a magnetic field applied 

longitudinally to the electric field on the breakdown 

mechanism in air  did not receive the same attention 

[9-15]. The interest in studying the magnetic field 

effect on the characteristics of electrical breakdown 

and on the properties of a Townsend discharge is 

motivated by a necessity of gaining a better 

understanding of the complex mechanisms of gas 

discharge phenomena, and also because the B-field 

may contribute favourably for dealing with practical 

problems associated with the use of this kind of 

discharge for plasma processing technologies [16-19]. 

For the purpose of exploring the better understanding 

of the complex mechanisms of gas discharge, the 

characteristics of electrical breakdown of several gases 

under the effect of applied   magnetic field have been 

subjected in many researches. These researches 

included the study of magnetizes plasma discharge at 

different working parameters such as the pumping 

gases, the materials and the geometry of electrodes, 

gas pressure, chamber temperature, humidity of 

discharge chamber and the type of applied voltage [19-

30]. Tan et al [21] investigated a new method of 

measuring the secondary electrons emission by two 

Faraday cups with and without presence of a magnetic 

field. One Faraday cup detects the electrons emerging 

 
 

perpendicularly to the target surface and magnetic 

field lines, while another cup detects electrons flowing 

along the field lines. The electrical breakdown is 

presented by Petraconi et al [19] at low-pressure of 

argon and nitrogen gases under the influence of an 

external longitudinal magnetic field. The influence of 

the secondary electron emission on the breakdown 

voltage in micro discharges on the plasma display 

panel is investigated by making use of the Townsend 

sparking criterion. Auday et al [20] presented an 

experimental study of the effective secondary 

emission coefficient for rare gases and copper 

electrodes. The influence of the magnetic field on the 

characteristics of electrical breakdown and on the 

properties of Townsend discharge is motivated as an 

important mechanism for measuring the Paschen 

curves, ionization efficiency coefficients, secondary 

electrons emission and the minimum breakdown 

voltages with and without applying an axial magnetic 

field [31, 32]. For the author’s best knowledge, the 

effect of applying an axial magnetic field on the 

breakdown behavior of air is very important for HV 

technology because of practical applications for such 

as axial magnetic field vacuum interrupters for 

contactors and circuit-breakers [33, 34]. In the present 

paper, an attempt was made to investigate the effect of 

axial magnetic field (AMF) on electrical breakdown 

characteristics in air at near - atmospheric pressure. 

This paper is organized as follows. In Section 2, 

experimental technique and test arrangement are 

provided. Section 3 presents the review of motion of a 

charged particle in combined fields (both electric & 

magnetic). In Section 4, experimental procedure and 

test results have been provided. In Section 5, discussion 

about the results has been provided. Finally, Section 6 

concludes the paper. 

 

2. EXPERIMENTAL TECHNIQUE AND TEST 

ARRANGEMENTS 
 

Two kinds of experimental set-up were used in the 

present study, one for the experiments carried out in 

the vacuum as shown in Fig. 1, and the other for the 

experiments carried out in the compressed air as 

shown in Fig.2.The test container (test cell) has been 

prepared to study the effect of applying axial magnetic 

fields AMF to the test gap, on electrical breakdown 

characteristics in air at near - atmospheric pressure. 



 

The test cell was made of a transparent acrylic tube 

(Plexiglass) to facilitate visual observation, and having 

an outer diameter of 150 mm, inner diameter of 140 

mm and its length is 300 mm. The electrode gap used 

was a plane-plane brass electrode, with the possibility 

of adjusting the tested gap distance to the required 

value. The plane was a circular disc of 50 mm 

diameter and 5 mm thickness. In the present study, 

both AC and DC magnetic field were used. The axial 

magnetic field was created by a solenoid with 2500 

turns and the length of the coil 250 mm. Solenoid is 

positioned coaxially to the test chamber to generate an 

axial magnetic field.  

 
Fig.1 Experimental set-up used for the tests carried out in the 

vacuum chamber 

 
Fig.2 Experimental set-up used for the tests carried out in the 

compressed- air chamber  

 

The coil was energized by variable DC and AC current 

supply. The diameters of solenoid coincide with the 

outer diameter of the test tube. The magnetic flux 

density could be changed by increasing the passing 

current through the solenoid. The magnetic flux density 

B was measured by using the axial B-probe (Leybold, 

516 61) with the Teslameter  (Leybold,516 62 ranging 

from 0.01 mT to 2T). The pressures employed in this 

study extends from 0.02*105 to 5*105 Pa. 

Atmospheric air is pumped into compressed-air 

chamber by air compressor of maximum value of 

15*105 Pa,While the vacuum chamber was evaluated 

by vacuum pump of maximum value of 0.03*105 Pa. In 

this study, A 100 kV, 20 kVA, 50 HZ test transformer is 

used for AC measurements. AC breakdown voltage 

kVrms was measured by means of a capacitive divider. 

AC voltage used was AC between one terminal and 

earth. The mean value of breakdown voltage was 

calculated by means of five voltage applications. 
 

3. REVIEW OF MOTION OF A CHARGED PARTICLE IN 

COMBINED FIELDS (BOTH ELECTRIC & MAGNETIC 

Before discussing the results, it would be better to 

review a little bit of electric and magnetic forces 

both affect the trajectory of charged particles. 

Force due to both electric and magnetic forces will 

influence the motion of charged particles. 

However, the resulting change to the trajectory of 

the particles will differ qualitatively between the 

two forces. Below we will quickly review the two 

types of force and compare and contrast their 

effects on a charged particle. 

 

1-Parallel Electric and Magnetic fileds :- 

When both electric and magnetic fields act 

simultaneously on an electron, no force is exerted due 

to the magnetic field and the motion of the electron is 

only due to the electric field intensity .Note :- No 

force is exerted due to the magnetic field, since if the 

electron  moves parellel to the magnetic field ; the 

value of   φ= 0 ;        .
.
. fm   = q.BV sin0

• ;
              fm = 0 

The electron moves in a direction to the fields 

with a constant acceleration. 

If the electric filed is along the Y–axis and 

magnetic filed is along the Y – axis, the motion of 

an electron is specified by  

   Vy = Voy ;          y = V0y t – ½ at2 

   where, a = q.E/m = the magnetic of the 

acceleration. 

If a component of velocity Vox is perpendicular to 

the magnetic filed exists, initially this component 

along with the magnetic filed will set the electron 

in a circular motion.The Radius of the circular 

path is independent of the elecric field, but the 

velocity along the field changes with time. As a 

result of this the elctron travels in a helical path 

with the pitch changing with time. 
 

2-Perpendicular Electric and Magnetic Fields 

Consider an electron starting from rest at the 

origin. Let the magnetic field be directed along   

‘–Y’ direction and the electric field be directed 

along the ‘–X’ direction. The electron directed 

along the ‘+X’ axis due to the electric filed.  The 

force due to the magnetic field is always normal to 

B, Hence, lies in a plane parellel to the XZ plane 

and there is no component of force along the Y 

https://www.boundless.com/definition/motion/
https://www.boundless.com/definition/trajectory/


 

direction, and Y component of acceleartion is 

zero. Thus the motion along ‘ Y ’ is given by :  
Fy = 0 ;                      Vy = Voy ;              y = Voy t 

Assuming that the electron starts at the origin: 

1) Since the initial velocity is zero, the initial 

magnetic force is zero and due to the electric field 

the electron is directed along the ‘+X’ axis. 

2) As the electron is accelerated in +X direction, 

the force due to the magnetic field is no longer 

zero. There will be a component of this force which 

is proportional to the ‘ X ’ component of velocity 

and will be directed along the +Z axis. 

3) The path will thus bend away from the +X 

direction towards the ‘+Z’ direction. 

4) The electric and magnetic force interact with one 

another the net force will finally make the electron 

to travel in a cydoidal path. 
 

4. EXPERIMENTAL PROCEDURES AND TEST 

RESULTS 

The test procedures were carried out under different 

cases, as follows: 

A. BREAKDOWN VOLTAGE TEST  

This test has been achieved under different 

procedures: 

First Test: With the test gap TG at 10 mm, the 

breakdown voltage kVrms (BDV) was measured for 

different gap pressures of 1.0, 0.8, 0.6, 0.4 and 0.2 

×105 Pascal under specified axial magnetic field 

AMF. The above procedure was repeated for different 

AMF’s of 0.0, 0.03, 0.06, 0.09 and 0.12 Tesla. The 

obtained results are presented in Fig.3. From this 

figure, it is clear that the BDV decreases as the AMF 

increases. The effect of AMF decreases as the gap 

pressure decreases. The BDV becomes insensitive to 

any increase of AMF for gap pressures above 0.6x105 

Pa nearly. The gap pressure range in this figure ranges 

from 1x105 to 0. 2x105 Pa under constant main gap 

distance of 10 mm, if we use pressure gap scale pd 

which ranges from pd= 2x105 Pa. mm to pd = 10x105 

Pa. mm, according to Paschen curves for various gases 

[p108, 36] curve 2 for air which is to the right of  

Paschen minimum. Therefore, our results are correct. 
 

 

 

 

 

 

 

 

 
Fig.3 Variation of the breakdown voltage with gap pressure 

in vacuum for various DC axial magnetic field. 
 

Second Test: With the TG at 10 mm, the BDV was 

measured for different gap pressures of 1, 2, 3, 4 and 5 

× 105 Pa under specified AMF. The above procedure 

was repeated for different AMF’s of 0, 0.03, 0.06, 

0.09 and 0.12 Tesla. The obtained results are 

presented in Fig. 4. From this figure, it is clear that the 

BDV for a given gap pressure value decreases with 

increase in AMF. The decrease in the BDV value in 

the presence of AMF is more pronounced for gap 

pressures above 3x105 Pa nearly. 

 
Fig. 4 Variation of the breakdown voltage with gap pressure 

in compressed air for various DC axial magnetic field. 
 

Third Test: With the TG at 10 mm and gap pressure at 

1× 105 Pa, the test results are taken and given in Fig.5. 

From this figure, it is clear that the B.D.V decreases as 

the DC or AC magnetic field increases, the decrease in 

the BDV is larger for AC field rather than under DC 

field. Also, the breakdown voltage value with D.C 

magnetic field is higher than that with AC field. 
 



 

 
Fig.5  Relation between AC breakdown voltage of the test 

gap and axial magnetic field of different mode. 
 

Fourth Test : In this study, two types of electrode 

configurations were used to simulate the test gap TG. 

The first type was formed of plane-plane electrodes. 

The second type was formed of needle - needle 

electrodes. This test was carried out under a constant 

TG distance of 10 mm. The gap pressure used was 5 

×105 Pa. The breakdown voltage under different 

AMF’s of 0, 0.03, 0.06, 0.09 and 0.12 Tesla was 

recorded. The above procedure was repeated for 

different electrode configuration. The test results were 

recorded and given in Fig.6. From this figure, it is 

clear that the effect of AMF on the BDV depend on 

the electrode configuration. From this figure, we can 

also see that the BDV decreases as the AMF increases. 

The effect of axial magnetic field AMF on the BDV is 

more pronounced in non-uniform electric field gaps 

compared with that in uniform field gaps. 

 
Fig.6 Effect of DC axial magnetic field variation on the 

breakdown voltage in uniform and non-uniform field gaps.  
 

Fifth Test: The degree of vacuum used in this test was 

1×105 Pa .The BDV for different axial magnetic fields  

AMF’s of 0.0, 0.03, 0.06, 0.09 and 0,12 Tesla were 

obtained for different T.G distances of 10, 20 and 25 

mm as shown in Fig.7. From this figure, it is clear that 

the increase of the AMF has the effect of decreasing 

the BDV of the TG. The BDV-AMF characteristics 

assume a linear relation, the slope of this relation 

increase as the MG distance increases. 

 
Fig.7 Effect of DC axial magnetic field variation on the 

breakdown voltage under different gap spacing. 

 

B . LEAKAGE CURRENT TEST 
A 100 kV, 20 kVA , 50 HZ test transformer is used for 

DC measurements . The DC is obtained by rectifying 

AC voltage with a 140 kV high voltage diode and a 

6nF regulating capacitor. The DC voltage polarity 

used, in this work, was positive with respect to earth. 

The plane electrode was earthed through a digital 

multi –meter (IWATSU-7411) for measuring the 

leakage current. 
 

Sixth Test: The leakage current can be read directly 

on the micro-ammeter. The test was carried out under 

constant TG distance of 10 mm. All tests were carried 

out under a fixed main applied voltage of 21 kVAC. 

The leakage current was measured for different gap 

pressures under specified AMF’s. The above 

procedure was repeated for different AMF’s of 0.0, 

0.03, 0.06, 0.09 and 0.12 Tesla, The obtained results 

are presented in Fig. 8. It is clear that as the AMF, the 

leakage current increases. The increase in leakage 

current value is more pronounced as the air pressure 

increases. The axial magnetic field AMF makes the 

actual gap distance decrease, which leads to the 

maximization of the leakage current. 

 
Fig.8 Variation of the leakage current with gap pressure with 

and without applying the axial magnetic field intensity. 



 

 5. RESULTS AND DISCUSSIONS 

The electrical breakdown characteristics of air at near-

atmospheric pressure in the presence of an axial 

magnetic field AMF are discussed. From the results 

obtained throughout this work, the axial magnetic field 

decreases the breakdown voltage BDV. Also, the axial 

magnetic field increases the leakage current. The 

effect of AMF on the BDV characteristics shows a 

marked dependence on the gap spacing, the gap 

pressure, the electrode configuration and the type of 

applied magnetic field.  

The BDV is lower when the magnetic field is applied, 

this can be explained as follows: the current density 

can be increased by the magnetic field, due to the 

effective increase in the gas pressure. This is related to 

the fact that the presence of the magnetic field 

increases the apparent gas pressure and thus 

decreasing the mean free path, hence more excitation 

and ionization processes occurred and consequently, 

decreasing the breakdown voltage and increasing 

leakage current. The decrease of the breakdown 

voltage in the magnetic field results from the increase 

in the number of collisions between the primary 

electrons and neutral gas atoms [17]. 

Also, the reduction of the breakdown voltage when a 

magnetic field was applied can be interpreted through 

that the lateral diffusion of electrons would be 

hindered by the B-field, thereby reducing losses and 

enhancing the ionization efficiency [30]. This effect is 

equivalent to a change of the operating gas by another 

of lower ionization potential. 

The lowering in breakdown voltage with B can be 

explained as follows: in the presence of a magnetic 

field B, the breakdown is facilitated by the magnetic 

confinement of electrons which reduces the electron 

losses and effectively increases the collision frequency 

between electrons and the gas particles in the inter-

electrode space, thus increasing the ionization 

efficiency. The presence of the magnetic field 

enhances the secondary ionization coefficient. This 

effect is equivalent to a decrease of the work function 

of the cathode material [39, 40]. 

When a magnetic field is applied to the electric field, 

the effect of magnetic field on the BDV is more 

pronounced in non-uniform electric field gaps 

compared with that in uniform field gaps, this is 

because in uniform field the free electrons are only 

acted upon the Coloumbs force, while in non- uniform 

field the free electrons are acted upon by both the 

Lorentz force and the Coloumb force, hence Larmor 

precessions are formed in non-uniform field. As a 

result of Larmor movement the electron will have 

much longer path length to travel. The electrons can 

circumrotate for many periods before traveling out of 

the ionization region, thereby increasing the number of 

ionization collisions by electron avalanche. The 

concentration of both ions and electrons are greatly 

elevated in the region, thereby decreasing the 

breakdown voltage and increasing leakage current. 

Also, as a result of Larmor movement, a kind of 

“magnetic ring” is formed at cathode surface, which 

“traps” the electrons that are accelerated away from 

cathode by the electric field [19, 35, 37-38].This above 

interpretation depends on that the uniform electric 

field is one whose magnitude and direction are the 

same at all points in space, and it will exert the same 

force of a charge regardless of the position of the 

charge in space. But the non uniform electric field is 

one which is not uniform, i.e. it has either different 

magnitudes or different directions or both are different 

in a given region of space. 

When a magnetic field is applied to the electric field 

gaps, the decrease in the BDV is larger for AC 

magnetic field rather than under DC magnetic field, 

this is due to the periodic reversal of magnetic pole 

polarity which takes place when AC magnetic field is 

applied, and thus the direction of the magnetic force 

reverses frequently, while this does not happen in DC 

magnetic field. Also, this may be explained through 

that magnetic field varies with time, and then an 

additional electrical field is produced according to 

Faraday’s law.  

When a magnetic field is applied to the electric field 

gaps, the effect of AC magnetic field on the BDV is 

more pronounced in long gap spacing compared with 

that in short gap, since the inter- electrode spacing 

increases; the number of collisions between the 

released electrons with the air molecules is decreased, 

thus the confinement of electrons by the magnetic 

field is enhanced. This, in turn, reduces the electron 

losses and effectively increases the collision frequency 

between electrons and the gas particles in the inter-

electrode space, thus increasing the ionization 

efficiency. 
 

6. CONCLUSIONS 

The effect of the applied magnetic field on the 

electrical breakdown characteristics, as outlined in this 

study, shows a marked dependence on the gap spacing, 

the gap pressure, the electrode configuration and the 

type of applied magnetic field. The presence of the 

magnetic field decreases the breakdown voltage and 

increases the leakage current. The results obtained 

throughout this work, from a practical point of view, 

are not-applicable in vacuum switchgear. While on the 

other hand, these results can be used as an effective 

method to improve the collection efficiency of 

electrostatic precipitators (ESPs) as a result of the 

magnetically enhanced corona discharge. Especially 

these days, more and more countries are beginning to 

limit the emissions of micron and sub-micron aerosol 

particles using the technique of magnetically enhanced 

negative corona discharges, for the purpose of 

capturing fine aerosol particles, are presented. More 



 

research work is still required to explore some of the 

still unclear sides of electrical ionization and 

breakdown of liquids, gas and solids in an axial field, 

e.g. improving of circuit breaker design to suit the 

existence current during circuit breaker operation 

under normal or short circuit conditions to initiate 

magnetic field in the axial axis of the main circuit 

breaker poles in order to increase the level of restrike 

voltage value of the circuit breaker clearance. 

REFERENCES 

[1] Z.Buntat,I.R.Smith and N.A.M.Razali., Effect of 

Crossed Magnetic Field on Ozon Production in Air, 

ELEKTRIKA, Vol.11, pp.16-19, 2009. 

[2] S Dujko, R D white,K F Ness, Z L Petrovic, R E 

Robson, Non-Conservative Electron Transport in CF4 

in Electric and Magnetic Fields Crossed at Arbitrary 

Angles, J. Phys. D: Appl. Phys, 39, pp.4788-4798, 

2006. 

[3] B. X. DU, N. Chen, Y. Gao, X. Zhang, Carbonization 

migration of Polymer Insulating Material under 

Magnetic Field, properties and Applications of 

Dielectric Materials, 8th International conference, 2006. 

[4] Nosseir, A.El- Zein and K. Abu-Elabbas, Breakdown 

characteristics of solids insulation under the presence of 

Non-uniform Transverse Electric fields, 10th ISH 

Montereal, Quebec, Canada, 1997. 

[5] E-Zein, A. Nosseir, and K. Abu-Elabbas, Experimental 

Breakdown Analysis of Transformer Oil in a transverse 

Electric field using AC and DC high voltage sources, 

Mepcon, 6th Int. Conf. Vol. 1, PP. 395 - 400, 1998. 

[6] K.Abu–Elabbas, A. Nosseir and A. El-Zein, 

Experimental Study on the Effect of Applying a Crossed 

Electric Field on the Breakdown Behavior of Low 

Vacuum, Journal of electrostatics, vol. 70, issue 1, 174-

177, 2012. 

[7] K.Abu-Elabbas, A new technique to improve the 

dielectric strength of a multi-dielectric insulation 

system, Electrical Engineering, volume 94, No. 4, 

December 2012. 

[8] Heylen, A.E.D. Electrical Ionisation and Breakdown of 

Gases in a crossed Magnetic Field, IEE Proc. 127, PP. 

221 - 244, 1980. 

[9] L. A. Harris, Axially Symmetric Electron Beam and 

Magnetic Field Systems, Massachusetts institute of 

technology, research laboratory of electronics, 

Technical Report No. 170 August 29, 1950. 

[10] J. P. BURDEN, Elimination of a Glow Discharge in an 

Induction-heated Vacuum Furnace,Nature 188, 221 - 

222 (15 October 1960); 1960.  

[11] Annemie Bogaertsa, Erik Neytsa, Renaat Gijbelsa, Joost 

van der Mullenb, Gas discharge plasmas and their 

applications, Spectrochimica Acta Part B: Atomic 

Spectroscopy, Volume 57, Issue 4, Pages 609–658, 

2002. 

[12]  S Kumar, A Chandra, P I John and D C Sarkar, Study 

of rf breakdown characteristics in the presence of 

parallel electric and magnetic fields, J. Phys. D: Appl. 

Phys Volume. 4 Number 7, 959, 1971.   

[13] M. Ohki and S. Saito, Effect of magnetic field on low-

pressure gaseous breakdown along the surface of a solid 

insulator, IEE Proceedings-A 138(6), 300-312, 1991. 

[14] A. Bogaerts and   R. Gijbels, Relative sensitivity factors 

in glow discharge mass spectrometry: the role of charge 

transfer ionization, J. Anal. At. Spectrom., 11, 841-

847,1996 

[15] V. Markovic, S.R. Gocié, and M. K. Rodovic, 

Breakdown probability and influence on breakdown 

delay, Eur. Phys. J: Appl. Phys. 6, 303-307, 1999.  

[16] Singh,G. and Chaturvedi,S, Two- Dimensional PIC 

simulation of spark gaps with longitudinal magnetic 

fields, Pulsed power conference, IEEE, 627-630, June 

2005. 

[17] Du, Boxue; Kobayashi, Shigeo ,Effects of Magnetic 

Field on Surface Dielectric Breakdown of Contaminated 

Printed Wiring Board, IEEJ Transactions on 

Fundamentals and Materials, Volume 123, Issue 6, pp. 

562-568, 2003. 

[18] D. Sriram and K. K. Jaina, Effect of magnetic field on 

breakdown voltage characteristics of a multi-gap 

pseudospark, Appl. Phys. Lett. 70(23), 3093-3095, 

1997. 

[19] G. Petraconi, H. S. Maciel, R. S. Pessoa, G. Murakami, 

M. Massi, C. Otani, W. M. I. Uruchi, and B.N. 

Sismanoglu, Longitudinal Magnetic Field Effect on the 

Electrical Breakdown in Low Pressure Gases, Brazilian 

J. Phys. 34(4), 1662-1666, 2004. 

[20] I. H. Tan, A. Ueda, R. S. Dallaqua, R. M. Oliverira and 

J. O. Rossi, Magnetic field effects on secondary electron 

emission during ion implantation in a nitrogen plasma, 

J. Appl. Phys. 100(033303), 1-5, 2006. 

[21] M. Ohki and S. Saito, Effect of magnetic field on low-

pressure gaseous breakdown along the surface of a solid 

insulator, IEE Proceedings-A 138(6), 300-312, 1991. 

[22] K.Abu–Elabbas, Experimental study of magnetic field 

effect on DC corona discharge in low vacuum, 

Accepted for publication in J. Inst. Eng. India Ser. B, 26 

June 2014. 

[23] A M Essiptchouk, L I Sharakhovsky and A Marotta, A 

new formula for the rotational velocity of magnetically 

driven arcs, J. Phys. D: Appl. Phys. 33 (2000) 2591–

2597, 2000..  

[24] I. H. Tan, A. Ueda, R. S. Dallaqua, R. M. Oliverira and 

J. O. Rossi,Magnetic field effects on secondary electron 

emission during ion implantation in a nitrogen plasma, 

J. Appl. Phys. 100(033303), 1-5,2006 

[25] K. Burm, Breakdown magnetic field in inductively 

coupled plasma, Phys. Lett. A 372, 6280-6283, 2008. 

[26] Galaly, A.R. aA. A. Ganeev, A. R. Gubal,K. N. 

Uskov,S. V. Potapov, Analytical glow discharge mass 

spectrometry, Russian Chemical Bulletin ,  Volume 61, 

Issue 4, pp 752-767 April 2012.   

[27] Vikramjit Singh, Examination of Electric Arc Behavior 

in Open Air, Aalto University, School of Electrical 

Engineering, BSc Thesis, 2012. 

[28] J Mauricio Paulin Fuentes, C Sánchez-Aké1, Fausto O 

Bredice and Mayo illagrán-Muniz, Dipolar distribution 

generated by laser-induced plasma (LIP) in air in earliest 

instants, J. Phys. D: Appl. Phys. Vol. 46, No. 49, 2013 

[29] A.R. and Zahran, H.H., Disinfection of Microbes by 

Magnetized DC Plasma .Journal of Modern Physics, 5, 

781-791, 2014. 

http://pubs.rsc.org/en/results?searchtext=Author%3AR.%20Gijbels
http://link.springer.com/search?facet-author=%22A.+R.+Gubal%22
http://link.springer.com/search?facet-author=%22K.+N.+Uskov%22
http://link.springer.com/search?facet-author=%22K.+N.+Uskov%22
http://link.springer.com/search?facet-author=%22S.+V.+Potapov%22
http://link.springer.com/journal/11172/61/4/page/1


 

[30] Galaly, A.R. and Zahran, H.H., Disin,fection of 

Microbes by Magnetized DC Plasma,Journal of Modern 

Physics, 5, 781-791, 2014. 

[31]  Sabah I. Wais, Raghad Y. Mohammed, Sedki O. Yousif , 

Influence of Axial Magnetic Field on the Electrical 

Breakdown and Secondary Electron Emission in 

Plane-Parallel Plasma Discharge, World Academy of 

Science, Engineering and Technology, Issue 56, 

PP.1304-1309, August 2011. 

[32] .K.Abu–Elabbas  Electrical Breakdown in Low-Pressure 

Nitrogen in Parallel Electric and Magnetic Fields,Journal 

of Electrical Engineering JEE, Vol. 14, pp. 286-292, 

2014. 

[33] Harald Fink, Markus Heimbach and Wenkai Shang , 

Vacuum interrupters with axial magnetic field contacts, 

ABB Review, 2000 

[34] P. G. Slade, Wang-Pei Li, Stephen Mayo, R. K. 

Smith and Erik D. Taylor, Vacuum interrupter, high 

reliability component of distribution switches, circuit 

breakers and contactors, Journal of Zhejiang 

University-Science A, Vol. 8, No. 3, pp. 335-342, 2007. 

[35] Hajim Urai, Eiki Hotta, Mitsuakis Maeyama,Hiroyuki 

Yasui ,Tohru Tamagawa, Effect of axial magnetic field 

on electrical characteristics of low- pressure wire 

discharge , Jpn.J.Appl. phys.33, PP.4243-4246, 1994. 

[36]  Dieter kind and Hermann Karner, High voltage 

insulation technology, Weishaden   Vieweg, 1985. 

[37] M.A.Hassouba and N.Dawood , Study the Effect of the 

Magnetic Field on the Electrical Characteristics of the 

Glow Discharge Adv. Appl. Sci. Res.,2 (4):123-131, 

2011. 

[38] Singh,G. and Chaturvedi,S., Two- Dimensional PIC 

simulation of spark gaps with    longitudinal magnetic 

fields, Pulsed power conference, IEEE, 627-630, June 

2005. 

[39] G.Petraconi,H.S.Maciel,R.S.Pessoa,G.Murakami,M.Ma

ssi,C.Otani,W.M.I.Uruchi,B.N.Sismanoglu,Longitudinal 

magnetic field effect on the electrical breakdown in low  

pressure gases, Braz.J.Phys.Vol.34, No.4b, Sao Paulo 

Dec.2004. 

[40] Arian Fateh Borkhari and Kiomars Yasserian , Influence 

of the hot filament on the   electrical breakdown 

characteristics in the presence of Ar/N2, Journal of 

Theoretical and Applied Physics, 7:5, 2013. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


