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Outline

Representation of electromagnetics by using differential forms

– Maxwell‘s equations, constitutive laws, isomorphisms

Generic curl-curl type problems

– Double forms, fundamental solution, representation formula

Boundary integral equation

– De Rham map, (co-)homology

Summary
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Representation of Electromagnetic Fields and 
Potentials by Differential Forms



4Universität der Bundeswehr Hamburg - Fachbereich ET - Allgemeine und Theoretische Elektrotechnik - Prof. Dr.-Ing. Stefan Kurz

Maxwell‘s Equations in Terms of Vector Fields 
and Differential Forms
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Expressing the Material Laws
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Tonti Diagram
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Translating Scalar and Vector Fields into Forms
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Setting of the Problem (1)
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Electromagnetic Interpretation
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Setting of the Problem (2)



12Universität der Bundeswehr Hamburg - Fachbereich ET - Allgemeine und Theoretische Elektrotechnik - Prof. Dr.-Ing. Stefan Kurz

Setting of the Problem (3)
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Double Forms (1)
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Double Forms (2)



15Universität der Bundeswehr Hamburg - Fachbereich ET - Allgemeine und Theoretische Elektrotechnik - Prof. Dr.-Ing. Stefan Kurz

Fundamental Solution
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Representation Formula
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Electromagnetic Interpretation
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Boundary Integral Equation
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Solution Techniques: de Rham Map
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Solution Techniques: de Rham Map (cont‘d)
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Recall Homology and Cohomology
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Solution Techniques: de Rham Map (cont‘d)
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Summary

The laws of electromagnetics can be stated concisely by means of 
differential forms (DFs)

Some integral equations of electromagnetics have been 
reformulated in terms of DFs

– The integral kernels become double forms

Uniform treatment of electro- (p=0) and magnetostatics (p=1)

Since DFs possess discrete counterparts, the discrete DFs, such 
schemes lend themselves naturally to discretisation…
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