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Covariant Analytical Mechanics of Electromagnetism
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Analytical Mechanics of fields usually singles out the temporal coordinate as an independent parameter and calculates the tin
evolution regarding fields as dynamical parameters with infinite degree of freedom. Spatial coordinates are treated as infinit
number of indexes of dynamical parameters. This approach has a disadvantage when applied to electromagnetism: the resulti
equations are not manifestly covariant. Moreover, when applied to guage fields, the canonical theory with this approach has ext
degree of freedom, which need to be eliminated with some constraints. One must fix the gauge at the price of loosing manifes
covariance, or introduce some complicated technique such as Dirac brackets.

Present study treats 3+1 spacetime coordinates equally to obtain manifestly covariant formulation of analytical kinetics, anc
successfully obtain canonical equations for gauge fields without constraints. To this end, we apply the theory of differential forms
proposed by E. Cartan.

Historically, the equations of electromagnetic fields first derived by J. C. Maxwell were not in the form of vector analysis but
written with quanternions. This means the vector analysis we know is not the only way to express fields mathematically. Theory
of differential forms is yet another way to treat fields; it has advantage that fields are systematically expressed in spaces with an
order of dimension.

Since the theory of differential forms is not a standard tool for us space physicists, its tutorial introduction is provided at the
talk. The topic of analytical mechanics of electromagnetism can be a good example of its applications.
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