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Abstract— Investigations are reported into the use of an 

electromagnetically convoluted arc, external to a magnetic field 

(B-field) producing coil, in combination with a parallel R, L, C 

resonant circuit for interrupting quasi-steady currents. In order to 

elucidate the complex interactions between the arc, B-field and R, 

L, C circuit, the B-field producing coil is energised independently 

from the current to be interrupted and the R, L, C circuit.   

    Experimental results are presented for the time variation of the 

currents flowing through the arc gap, the B-field coil and the 

parallel L, C, R circuit, along with the voltage across the arc gap. 

An insight is gained into the role of various effects, which are 

produced by the complex interactions and which might be used to 

advantage for direct current interruption. 

 
Index Terms—Arc discharges, ablation, current interruption, 

magnetic fields, plasma arc devices, plasma control.  

 

1 INTRODUCTION 

HE interruption of high levels of direct current (DC) at high 

and medium voltages is attracting much interest because of 

the advent of power transmission from renewable sources such 

as wind, solar, etc. Attempts to find an alternative to sulphur 

hexafluoride (SF6) [1] as the arc quenching medium and to 

obtain more efficient DC interruption techniques are ongoing 

[2, 3]. Current interruption in DC systems is more problematic 

than in alternating current (AC) systems since there is no natural 

current-zero available.  

    One of the techniques for producing a current zero artificially 

during direct current flow is with a current oscillating R, L, C 

circuit connected across the interrupter arc gap [1, 4]. The use of 

such circuits in rotary and non-rotary arc circuit breakers have 

been previously investigated with arcs in atmospheric pressure 

SF6 gas [1, 4].  

    In this paper, the form of electromagnetically convoluted arc 

unit previously used for interrupting AC arc currents [5] was 

connected in parallel with an R, L, C circuit for producing an 

artificial current zero. 

    The effects of various parameters (e.g. arc extinction voltage 

peak, time at which current interruption occurs, re-strike 

voltages etc.) upon the current interruption process are reported.  

 
 

 

An insight into the role of various processes in such a complex 

system has been obtained.  

2 BASIC PRINCIPLES 

    Previous investigations of electromagnetically convoluted 

arcs have involved two main geometries, namely a geometry 

with the arc convolute within the electromagnetic B-field 

producing coil and a geometry with the arc outside the B-field 

coil (Fig. 1a, b) respectively). A further variant of the geometry 

with the arc outside the B-field coil involves an insulating 

polytetrafluoroethylene (PTFE) cylinder outside the B-field coil 

so forming an annular gap within which the convoluted arc 

exists (Fig. 1c). The present investigations involve the third 

geometry (Fig. 1c), [5]. 

    In addition, the present investigations involve an R, L, C 

circuit in parallel with the arc gap whilst the B-field coil is 

excited separately from the arc sustaining current.  
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Fig. 1.  Schematic diagrams of B-field convoluted arc geometries. a) Arc within 

the B-field coil; b) Arc outside the B-field coil; c) Arc in annular gap outside 

the B-field coil. 
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The circuit arrangements for achieving a separation of the arc 

current, B-field current and R, L, C circuit is shown on Fig. 2. 

    As a result, there are several permutations of possible 

operating conditions, which can be employed. These are 

summarised on Table 1.  

 

Table 1. Configurations of convoluted arcs tested with outer PTFE cylinder. 

Where: A = arc, B = B-field, C = R0, L0, C0 circuit.  

Configuration: Tested 

  

A 
 

A + B 
 

A + C 
 

A + B + C 

- 
 

Yes 
 

Yes 
 

Yes 

  

This indicates that there are three facets to the arc and Direct 

Current (DC) interruption with the annular gap configuration.   

    The first is the control and extinction of an arc 

electromagnetically with no R0, L0, C0 circuit (A + B, Table 1) 

[5] when the arc contacts (and hence the arc column) extends in 

parallel along the length and outside of a B-field producing coil 

(Fig. 1c).  

    The second is the use of a parallel R0, L0, C0 circuit across 

the convoluted arc gap (A + C, Table 1) [4] to generate 

high-frequency current flow through the arc, with no external B- 

field.  

    The third is a combination of both the B-field and the parallel 

R0, L0, C0 circuit. By separately exciting the B-field coil, the 

effects of the B-field and R0, L, C0 circuits may be 

discriminated. 

 

2.1 B-Field Alone 

    With the first facet (previously described by [5]), with the 

opposite arc current flow in relation to the arc contacts, the 

anode arc section is exposed to an outward radial B-field 

produced by the B-field coil. This causes the arc to rotate in an 

anticlockwise direction. When the arc gap is fully opened, the 

arc section is exposed to the inward B-field, at the opposite end 

of the coil, which causes that arc section to counter rotate in a 

clockwise direction [6]. The present investigations involved the 

third geometry (Fig. 1c), [5]) but with the anode and cathode 

positions reversed (and hence also the arc current). 

    The central arc column section forms a convolute around the 

inner PTFE cylinder by the action of the axial B-field 

component at the middle of the coil length upon the azimuthal 

arc current flow. At current close to zero, the inward Lorenz 

force vanishes and the arc plasma ring is no longer compressed 

against the inner PTFE cylinder [3, 5].  

 

2.2 R, L, C Parallel Circuit Alone 

    With the second facet, perturbations in arc voltage cause the 

R0, L0, C0 circuit to produce high-frequency current 

oscillations to be superimposed upon the main DC arc current. 

When the amplitude of these current oscillations are sufficiently 

high, they force the arc current to zero so that current 

interruption may occur. 

 

2.3 B-Field and Parallel R, L, C Circuit 

    The third facet (parallel R0, L0, C0 circuit plus B-field), has 

been previously described in conjunction with the arc inside the 

B-field coil (Fig. 1a), [4]. However the deployment with the arc 

outside the coil has some different and advantageous aspects. In 

this case, when the length of the convoluted arc is increased 

around the coil by the Lorenz forces (Fig. 1c), the arc voltage 

increases, charging the parallel capacitor C0 to the same voltage 

as that across the arc. If the arc length is suddenly reduced due to 

self short-circuiting of the arc convolute, the arc voltage is 

rapidly reduced. As a result, the capacitor discharges itself 

through the arc. Therefore, if the parallel circuit R0, L0, C0 is 

connected across the arc gap of the interrupter ((CI), Fig. 1c), 

the discharge of C0 will produce high-frequency current 

oscillations (Ip) through the arc (Iarc), (Fig. 1c) at the natural 

frequency of the R0, L0, C0 circuit. By separating the arc power 

source, the B-field coil and the R0, L0, C0 circuit, the individual 

effects of each of the three facets can be more conveniently 

assessed.   

3 TEST CIRCUIT 

    The experimental test circuit used for the present 

investigations is shown in Fig. 2. It consisted of two 

independently but synchronously operated capacitors bank units 

(C.B.1 and C.B.2). CB1 (6.4mF) generated quasi-direct current 

electrical arcs of up to 1.5kA at 4kV.  

    CB2 (35mF) produced B-field coil currents up to about 

5.8kA, at 4kV. Each capacitor bank included an ignitron, which 

was connected in series with current limiting resistors (~2.7Ω 

for the arc of 1.5kA or ~6.7Ω for the arc of 0.6kA, C.B.1 and 

~0.7Ω, C.B.2). These ignitrons were triggered to conduct 

quasi-steady currents through the interrupter (CI) and B-field 

coil (L1) at predetermined times. In addition, both units 

included ignitrons for short circuiting the two DC circuits in 

order to dump the remaining energy from the capacitor bank 

units.  
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Fig. 2. Schematic diagram of the circuit interconnections for the parallel L0, 

C0, R0 and high voltage supply circuits. (Where:  L1 is B-field producing coil 

of the current interrupter (CI). 
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    A series combination of L0, C0, R0 circuit was connected in 

parallel with the arc convolute interrupter (Fig. 2) with L0, C0, 

R0 having values of 96µH, 66µF and 0.1Ω respectively. These 

component values were based upon values from previous work 

deploying a similar test circuit, but using a different type of arc 

convolution unit [4].  

    Three CWT type Rogowski current transducers R.C.1, R.C.2, 

R.C.3 were used to measure the DC current waveforms of the 

arc (Iarc), coil of L1 (Icoil) and L0, C0, R0 (Ip) circuits 

respectively (Fig. 2).   

4 EXPERIMENTAL RESULTS 

    Experimental results are presented for the time variation of 

the currents through the interrupter arc, the B-field coil and the 

R0, L0, C0 circuit along with the voltages across the electric arc 

convolute.  

    Fig. 3 shows an example of the time variation of various 

currents and arc voltage when a quasi direct of 1.5kA peak was 

interrupted with a B-field of ~35mT (at current interruption). 

Fig. 3a shows the arc voltage and current waveforms.  

    Fig. 3b shows the current flowing through the R0, L0, C0 

circuit (Fig. 2).  

Fig. 3c shows the B-field coil current during and post arcing. 

These results show that high frequency currents of frequency 

~2kHz occur during arcing (Fig. 3b) through both the arc and 

the R0, L0, C0 circuit. 

    Fig. 4 compares the time variation of quasi direct currents all 

of peak value 1.5kA, but under different operating conditions 

(Fig. 4a), and the corresponding arc voltages (Fig. 4b).  

    Curve (1) (Fig. 4a) is for capacitor bank C.B.1 discharging 

through the closed interrupter (CI) (Fig. 2) showing an 

uninterrupted current of duration ~80ms.  

    Curves (4) (Figs. 4a, b), are results with the R0, L0, C0 circuit 

connected, but without the B-field coil energised, indicating an 

arc duration of ~55ms. 

    Curves (3) (Figs. 4a, b) are results with the B-field coil 

energised (5.8kA peak current), but without the R0, L0, C0 

circuit connected, indicating an arc duration of ~26ms. 

    Curves (2) (Fig. 4a, b) are results with the B-field energised 

and the R0, L0, C0 circuit connected, indicating an arc duration 

of ~23ms.  

    Fig. 5 shows the time variation of arc currents, all with a 

lower initial current value of 600A, with the R0, L0, C0 circuit 

connected and with three different B-field coil currents (initial 

values 0, 1.6, 5.8kA giving B-fields of 0, 41.4, 150mT). 

5 DISCUSSION 

    Previous experimental work [5] suggests that the minimum 

level of Lorenz force (I x B) required to induce a convoluted arc 
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Fig. 3. Time variation of system currents and arc voltage when interrupting a 

quasi direct current (1.5kA peak, atmospheric pressure air). a) Arc current (I 

arc) and Voltage; b) R0, L0, C0 current (Ip); c) Coil current (~5.8kA peak 

producing 150mT B-field). (Initial C.B.1, C.B.2 (Fig. 2) voltages 4kV peak). 
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structure is about 6 - 10N/m. The coil used in the present tests 

could produce such a force at an arc current of 300 - 400A with 

a B-field of 20-25mT.  

    High speed photographs (7200 frames per second (fps), 8µs 

exposure) of an arc used in the present investigation, but with 

the outer PTFE cylinder removed are shown on Fig. 6. These 

images confirm that a convoluted arc was indeed formed as 

indicated by previous work, despite some of the operating 

conditions being different (i.e., absence of the outer PTFE 

cylinder, opposite direction of the arc current flow and 

anode/cathode optical observation condition), [6]. 

    An insight into the interaction of the B-field induced arc 

convolutions and the R0, L0, C0 circuit may be gained from the 

time variation of currents shown on Figs.  3, 4 and 5 for different 

initial quasi steady currents, with and without a R0, L0, C0 

circuit and with different levels of B-fields.  

 

5.1 1.5kA Initial Current Tests 

    The results shown on Fig. 3 indicate that the oscillatory 

currents through the arc and the R0, L0, C0 circuit commence at 

the same time (~12ms after contact separation), have the same 

frequency (~ 2kHz) and similar amplitudes (~ 50 – 100A). This 

time instant corresponds to the arc contacts gap being similar to 

the length of the B-field coil (~70mm) [5] when an arc 

convolution will have been formed and short circuited. Thus 

this process is responsible for initiating the oscillatory current 

produced by the R0, L0, C0 circuit. At times longer than 12ms 

after contact separation, the length of the arc gap becomes 

greater than the length of the coil, so that the quasi DC arc 

becomes susceptible to repeated self short-circuiting and 

convolute re-formation. These repeated arc short circuits are 

manifest upon the current oscillations as a lower frequency 

oscillatory envelope of the high frequency current (Fig. 3a, b). A 

maximum amplitude (~300A) of the high frequency current 

oscillations (Ip) was generated just prior to the arc current (Iarc) 

interruption (Fig. 3a) consistent with the high frequency current 

oscillations producing the required current zero for current 

interruption. 

       Fig. 4 allows a number of B-field and R0, L0, C0 related 

effects to be identified:  

     

    a) Comparison of curve (1) (contacts closed) and curve (4) 

(R0, L0, C0 connected but no B-field) shows that R, L, C 

oscillations are produced and that current interruption only 

occurs at a low level of the quasi direct current (70 A) at a time 

of 55ms.  

     

    b) Curve (3) shows that a B-field without the R0, L0, C0 

circuit produces enhanced current interruption without the high 

frequency oscillations at a shorter time of ~26ms and a higher 

current (~150A). The B-field also has a current limiting effect, 

reducing the quasi direct current at a given time compared with 

the current without the B-field.  

 

    c) Curve (2) shows that with both a B-field and the R0, L0, C0 

circuit connected, the current is interrupted in a shorter time of  

~23ms and higher current (~300A) plus with the current limiting 

effect of the B-field. This shorter time interruption, at higher 

quasi DC, is associated with the higher amplitude oscillations 

(compared with the no B-field and no R0, L0, C0 circuit) 

resulting from the higher amplitude current oscillations 

produced with the convoluted arc. 
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Fig. 5. Time variation of quasi steady arc currents, initial value of 600A, with 

outer PTFE cylinder and R0, L0, C0 circuit connected across the arc gap with 

moveable anode. a) No B-field; b) B-field coil current of 1.6kA (41.4mT); c) 

B-field coil current of 5.8kA (150mT), [6]. 
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Fig. 6. High speed photographic images proving the formation of an arc 

convolute for the conditions of the present experiments, but with the outer 

cylinder removed. (Initial arc current 0.6kA, B-field = 150mT). 
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    d) Comparison of the post arc voltage curves (2), (3), (4), Fig. 

4b shows that the residual source voltage following arc 

extinction is highest when both the B-field and R0, L0, C0 

circuit are activated (~1.4kV curve (2)) due to the short arcing 

duration (and hence reduced power dissipation). The residual 

source voltage is lowest in the absence of the B-field coil, but 

with the R0, L0, C0 circuit connected (~0.6kV curve (4)), 

mainly due to the lower arc voltage (hence lower power 

dissipation) and despite the prolonged arc duration. With the 

B-field and without the R0, L0, C0 circuit, the remnant source 

voltage is intermediate between those of curves (2) and (4) and 

there is evidence of arc re-ignition in the form of a late voltage 

collapse (curve (3)). 

 

    The results discussed above are summarised on Table 2. 

 
Table 2. Effect of B-field and R, L, C circuit on current interrupted (Io), time of 

interruption (To), residual capacitor voltage (Vres). 

Condition: Io, [A] To, [ms] Vres, [kA] 

    

Closed contacts 
 

No B-field, with RLC 

 
With B-field, no RLC 

 

With B-field, with RLC 

- 
 

70 

 
150 

 

300 

>80 
 

55 

 
26 

 

23 

- 
 

0.6 

 
1.2 

 

1.4 

 
 

 

5.2 600A Initial Current Tests 

     The results shown on Fig. 5 provide an insight into the effect 

of varying the magnitude of the B-field for a fixed initial arc 

current and the R0, L0, C0 circuit connected, They also provide 

an insight into the interruption of a lower fault current (600A) 

which reduces the Lorentz force promoting arc convolution.  

    For B = 0, a similar behaviour to the 1.5kA initial current (Fig. 

4) is observed i.e. irregular, low amplitude current oscillations 

leading to prolonged arcing before ultimate current interruption 

(~88ms).  

    With a moderate B-field of 41.4mT (1.6kA coil current), a 

few pronounced groups of higher amplitude (~150A) current 

oscillations with a well defined frequency (~2kHz) occur. There 

are three main high frequency clusters (frequency of occurrence 

~ 270Hz), each having a shorter duration as time progresses and 

apparently vanishing before the ultimate current interruption. 

Each cluster is likely to be produced by an arc convolute 

collapse. Their gradual decline is associated with the reduction 

in arc current and the current producing B-field at the later times, 

which mitigates against the formation of strong arc convolution.  

For this case, the current limitation (although not pronounced) 

produced by the arc convolutions, rather than the current zero 

produced by the R, L, C oscillations would appear to be more 

influential in producing an earlier current interruption at about 

70ms. 

    With the highest B-field of 150mT (5.8kA coil current), 

higher amplitude (~300A) current oscillations (frequency 

~2kHz) are produced leading to an early current interruption at 

23ms. In this case only a single cluster of high frequency 

oscillations occurred before the quasi direct current was 

interrupted. There is also evidence of some electromagnetic 

coupling of low amplitude current oscillations onto the B-field 

coil where a 50A of 2kHz oscillation is apparent [6]. 

    An implication of these results is that it is advantageous to 

promote oscillations of sufficient amplitude for current 

interruption as soon as the arc contact gap is open to the extent 

of the B-field coil length. 

 

     The outcomes of the variable B-field results are summarised 

on Table 3. 

 
Table 3. Effect of B-field magnitude on current interruption (Io – current 

interrupted, To – time at which current interruption occurred). 

B-field,     Coil current, 

  [mT]             [kA] 

Io,  

[A] 

To, 

[ms] 

   

     0                   0 
 

   41.4              1.6 

 
   150               5.8 

~20 
 

~20 

 
~300 

88 
 

70 

 
23 

 
 

6 CONCLUSIONS  

    The results presented have provided an insight into the 

combined use of a parallel R0, L0, C0 circuit with a novel form 

of convoluted arc in atmospheric pressure air for interrupting 

quasi direct currents. 

    The investigation has highlighted the complex nature of the 

various factors, which need to be considered interactively.  

 

    These are: 

• Use of outer PTFE cylinder. 

• Magnitude of arc convolving B-field. 

• Use of parallel R, L, C circuit. 

 

    Some initial insight into the interaction between these factors 

has been obtained which may be summarised as follows: 

 

    The use of a R, L, C parallel circuit without an imposed 

B-field provides only limited improvement in current 

interruption. 

    The use of a B-field but no R, L, C circuit produces improved 

current interruption via the formation of arc convolutions which 

assist both current limitation and arc quenching. 

    A combination of an applied B-field plus a parallel R, L, C 

circuit can lead to enhanced current oscillations of higher 

amplitude which facilitate the production of a current zero and 

which, with the current limiting capability of the convoluted 

arcing, produces improved current interruption. 

    The times to current interruption and current magnitudes 

interrupted in the present work are similar to those reported by 

[4]. However the present results were for arcing in atmospheric 

pressure air rather than atmospheric pressure SF6 used by [4].    

 

        The use of an independently energised B-field coil has 

highlighted two significant aspects: 
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    a) It is advantageous to have a sufficiently high B-field 

magnitude for producing current oscillations of high enough 

amplitude as soon as the opening arc gap extends to the full 

length of the B-field coil.  

 

    b) A sufficiently high B-field is required for the efficient 

interruption of lower level fault currents.  

 

    An independently energised B-field is advantageous for 

satisfying both such requirements, particularly if the B-field coil 

energisation might be automatically adjustable inversely to the 

fault current level.   

 

    Further investigations are needed for establishing methods 

for optimising the values of the various parameters governing 

the system operation such as B-field coil and current, R, L, C 

components, width of the annular gap between the inner and 

outer PTFE cylinders, effect of the mutual inductance between 

the arc plasma convoluted loop  and the B-field producing coil.  

ACKNOWLEDGMENT 

    The authors appreciate the support provided by the 

management of the Faculty of Computing, Engineering and 

Sciences, Staffordshire University, U.K. that has funded this 

work as well as the management of the School of Electrical 

Engineering, Electronics and Computer Science, University of 

Liverpool, U.K. for providing facility to conduct the research. 

REFERENCES 

[1] H. Nakao, Y. Nakagoshi, M. Hatano, T. Koshizuka, S. Nishiwaki, A. 

Kobayashi, T. Murao and S. Yanabu. D.C. Current Interruption in HVDC 

SF6 Gas MRTB by Means of Self-Excited Oscillation Superimposition, 

IEEE Transactions on Power Delivery. Vol. 16, No. 4, 2001: 687-693. 

[2] Y. Shiba, Y. Morishita, S. Kaneko, S. Okabe, H. Mizoguchi and S. 

Yanabu. Study of D.C. Circuit Breaker of H2-N2 Gas Mixture for High 

Voltage”, Electrical Engineering in Japan. Vol. 174, No. 2, 2011: 9-17. 

[3] H. M. Ryan. High Voltage Engineering and Testing. 3rd Edition, 

Institution of Engineering and Technology (IET), UK, 2013. 

[4]  J. R. Zhang, G. R. Jones, Z. Ma, M. T. C. Fang. Interaction of helical arc 

devices with interconnected networks. IEE Proc. of Generation, 

Transmission and Distribution, Vol. 143, No. 1, 1996: 89-95. 

[5] L. M. Shpanin, G. R. Jones, J. E. Humphries and J. W. Spencer. Current 

interruption using electromagnetically convolved electric arcs in gases. 

IEEE Transactions on Power Delivery, Vol. 24, No. 4, 2009: 1924-1930. 

[6] L. M. Shpanin, G. R. Jones, J. E. Humphries, J. W. Spencer, N. Y. A. 

Shammas, S. B. Tennakoon. RLC-Induced Current Oscillations in 

Convoluted Arcs with Independently Activated Magnetic Fields. IEEE 

Transactions on Plasma Science, Vol. 41, (To be published in Oct. 2013). 

     

 

Leonid M. Shpanin received the M.Sc. degree in radio engineering from 

Azerbaijanian Technical University, Azerbaijan and Ph.D. degree in electrical 

engineering from University of Liverpool, U.K. He conducted the presented 

research while holding a position as a Senior Researcher in Electrical 

Engineering, Faculty of Computing, Engineering and Sciences, Staffordshire 

University, U.K. He is member of the Institute of Electrical and Electronics 

Engineering (IEEE), U.S.A. and a member of the Nuclear and Plasma Sciences 

Society (IEEE), U.S.A. (e-mail: leon_shpanin@yahoo.com). 

 

 

Noel Y. A. Shammas received the B.Sc. degree in physics, the M.Sc. and 

Ph.D. degrees in electrical and electronics engineering from Salford University, 

U.K. He is Professor of Microelectronics and Solid-State Electronics at 

Staffordshire University, U.K. He is a member of scientific committees for 

many international conferences (including MIEL, EPE, WCE, WSEAS and 

Michroterm) and steering committee member for EPE, UPEC and ISPS 

International. (e-mail: N.Y.A.Shammas@staffs.ac.uk).     

 

 

Sarath B. Tennakoon received the B.Sc. degree in electrical engineering from 

University of Moratuwa, Sri Lanka, the M.Sc. degree from University of Aston, 

UK and the PhD degree in electrical engineering and electronics from 

University of Central Lancashire, UK. He is Professor of Power Electronic 

Systems and Director of Centre for Energy Efficient Systems at Staffordshire 

University, UK. He is a member of of the Institution of Electrical Engineering 

(IET), U.K, a member of IEEE, U.S.A. and a committee member of IET North 

West Midlands Network, U.K., and Engineering Professors Council, U.K. 

(e-mail: s.b.tennakoon@staffs.ac.uk).    

 

  

Gordon R. Jones received the B.Sc. degree in physics from University of 

Wales, U.K., the Ph.D. degree in physics from University of Liverpool, U.K., 

and the D.Sc. degree from University of Wales, U.K. He is an Emeritus 

Professor and past Director of the Centre for Intelligent and Monitoring 

Systems at University of Liverpool. He is author of several books in the area of 

Chromatic monitoring, high-pressure arcs and SF6 switchgear. He is a member 

of the Executive Management Committee of the International Series of 

Conferences on Gas Discharge and Their Applications and is a member of an 

international study group on switchgear arcs, the Current Zero Club. He was 

awarded the Institution of Electrical Engineering (IEE) Science, Education and 

Technology Achievements Medal in 1999 and a Medal of Distinction in 2006 

by the Academy of Sciences, Bulgaria. He is a Fellow of the IET, U.K. and 

member of the Institute of Physics, U.K. (e-mail: G.R.Jones@liverpool.ac.uk). 

 

 

Jim E. Humphries received the M.Phil. degree in electrical engineering from 

University of Liverpool, U.K. He is a Senior Experimental Officer in the School 

of Electrical Engineering, Electronics and Computer Science, University of 

Liverpool. He is responsible for experimental project works at the Centre of 

Intelligent and Monitoring Systems. (e-mail: humph9ke@liv.ac.uk). 

           

 

Joseph W. Spencer received the B.Eng. and Ph.D. degrees in electrical 

engineering from University of Liverpool, U.K. He is Professor of Electrical 

Engineering, Director of the Centre for Intelligent and Monitoring Systems and 

Head of School of Electrical Engineering, Electronics and Computer Science at 

University of Liverpool. He is a member of an international study group on 

switchgear arcs and Honorary Treasurer of the International Series of 

Conferences on Gas Discharge and Their Applications. He is a member of the 

Institution of Electrical Engineering (IET), U.K. (e-mail: joe@liverpool.ac.uk). 

 

 


