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Applications of the Substitute Charge Method to
Poisson’s Equation
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The substitute charge method introduced by H. Steinbigler in 1969 is considered to be a
simple and effective method to solve Laplace’s equation and well used in the research of high
field phenomena. It is, however, essentially difficult to solve Poisson’s field because it is a
super-position method of Laplace’s field. In this paper, it is pointed out that if a particular
solution of the Poisson’s equation is obtained analytically, numerically or so, the Poisson’s
equation can be reduced to a Laplace’s equation by inculding the effect of space charge into
the boundary condition and this Laplace’s equation can be soved easily by the ordinary
technique of the substitute charge method. In order to verify this technique, a current field
problem in two dimensions and a problem of an axi-symmetric oil tank partly filled with
charged liquid are treated. The result are satisfactry in computing time and accuracy.
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Fig. 2 Current field problem in two dimensions
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Fig. 4 Boundary conditions corresponding to
various particular solutions.
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Fig. 5 Error distribution on the boundary.
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Fig. 6 Potential distribution of the current field
problem.
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Fig. 7 Axi-symmetric problem of oil tank.
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