Macroscopic Coulomb force vs. Maxwell stress theory
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Motivation

In macroscopic electrostatics, free charges ¢ may be distributed continuously on volumes (qv), surfaces (gs), lines (gL) or at discrete points (g5). There
are two rivaling concepts describing the electrostatic action of force on these charge distributions: the continuous formulation of Coulomb’s force and the
Maxwell stress theory, which both provide individual volume forces f, surface forces t, line forces q and point forces K;, summing up to the resultant force
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heir mutual consistency is put to the test using the following example. Maxwell stress tensor: T = koE @ E — Li(E - E)I

Infinite conducting elliptic cylinder in external electric field
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Parameterization:

yY:|—nm,w] =>T° Y(¥) =acos(¥)e;+ bsin(1)e,

For the sheet (b =0), Coulomb's law is discontinuous: |¢§ =0 +— ¢/'=3k(EX)*ma
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e Maxwell stress theory is the superior concept

Prevalent examples of hidden electrostatic line forces
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