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Comparison of Korteweg-Helmholtz Electromagnetic Force Density
and Magnetic Charge Force Density in Magnetic Systems
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Abstract - In magnetic systems, distribution of electromagnetic force density causes mechanical deformation, which
results in noise and vibration. In this paper, Korteweg-Helmholtz’'s energy method and equivalent magnetic charge
method are employed for comparison of their resulting distributions of force density. The force density from the
Korteweg-Helmholtz’s method is expressed with two Maxwell stresses on the inside and the outside of magnetic
material respectively. The other is calculated using the magnetic Coulomb’s law. In the numerical model of an
electromagnet, their numerical results are compared. The distributions by the two methods are almost the same. And
their total forces are also shown to be the same to the one calculated from the conventional Maxwell stress tensor. But
the magnetic charge method is easier and more efficient in numerical calculation.
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Fig. 1 Closed surface integral path of Maxwell stress
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