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PREFACE 

This thesis is the result of an experimental investigation and 

theoretical analysis on the properties of a d-c arc in a magnetic field. The 

large number of engineering applications of an electric arc in a magnetic 

field and the little informtion available about the basic mechanisms of an arc 

in a magnetic field initiated this investigation. The basic mechanism of an 

electric arc is still a mystery and is a challenge not only to engineers, but 

also to physicists and mathematicians. It challenges physicists as a problem of 

ionization and deionization, as a proolem of emission of solids and as a problem 

of measurement. It challenges the mathematicians as a problem of obtaining 

the statistical distribution function of charged particles. Any effort by 

either an engineer, a physicist or a mathematician would move one step toward the 

final goal of understanding the theory of an electric arc, whether the step is 

a large one or a small one. It is the hope of the author th9.t the result of 

this investigation contributed a step in that direction, no matter how small. 

The most important discovery of this investigation, in the authorts 

opinion, is the different modes of motion of both the cathode am. anode spots. 

The existence of a continuous mode and a walking mode for both the cathode and 

anode spots explains such engineering application as the poor interruption 

performance of a d-c contact or when the movable contact is the cathode. It 

also casts light on such phenomena as the impossibility of initiating an arc 

on a clean cathode surface, the blasting of particles from the cathode surface 

even for a cold cathode arc. The fast motion of the arc in a magnetic field 

offered a means to measure the anode current density. The high values found 



in this investigation provided the necessary information to analyze some 

important processes at the anode spot. 

The first two chapters review the basic theory of an arc and the work 

done before on the properties of an arc in a magnetic field.. The third and 

fourth chapters describe the experimental set up and the experimental results 

in great detail. The firth chapter describes how the anode current density 

was measured and then an analysis of the anode phenomena is made. A heat 

equation for a constant anode power input at the anode spot is aolved and 

numerical calculations indicated that the time required to heat the anode spot 

to the boiling point is rather long. It is also pointed out that the equations 

can also be solved by using a constant temperature boundary condition. These 

two corditions are, however, incompatible and can not be simultaneously satis

fied by the arc anode spot. The discussion actually leads to the breakdown of 

the classical idea of heat conduction. The sixth chapter analyzes the motion 

of the arc plasma by simple kinetic theory and points out the factors that nay 

effect the velocity of an arc. The basic mechanism of the motion of an arc 

is also discussed. The seventh chapter utilizes the results to explain some 

engineering phenomena and finally, a brief outline of the future work as a 

continuum of this investigation is included. 

The author is indebted to Messrs. J.W. Cooke, H.E. Rhoades and 

T.K. Knapp of General Electric Company for their support of this investigation, 

to Mr. L.J. Goldberg for the suggestion of this topic, to Dr. J.D. Cobine for 

invaluable suggestions ani the supply of electrode materials" to Mr. J.H. 

Steadwell for his assistance in designing the testing equipment, to 

Mr. J.H. Connery for his assistance in photographic work. Special appreciation 

is due to Dr. L.P. Winsor of the Electrical Engineering Depart~nt of the 

Rensselaer Polytechnic Institute who, as an adVisor, has 'offered numerous 

suggestions and continuous encouragement during the whole investigation. 


