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Problem 6: Gauges and 4-potentials

e

7

Jé) Write down the Maxwell equations in terms of 3-vectors in a vacuum including sources.
These provide eight coupled PDEs for E and B given the source functions p(%,t) and
J(Z,t). [1 point]

\/(/b) Introduce the vector potential A(#,t). How is this related to B and how does it help

solve the Maxwell equations? [2 points]

\{\'57 /(c) Plugging A(%,t) into Faraday’sﬁequati_o'n allows introduction of the scalar potential
®(z,t). How is ® related to A and F and how does it help to solve the Maxwell
equations? [2 points]

x/(d) Write the inhomogeneous Maxwell equations in terms of the potentials ¢ and A. What
is the Lorenz gauge condition and how does it help to solve the Maxwell equations? [2

points]
\é) If the electro- and magneto-static solutions to Maxwell equations are ®(Z) = = [ d*z’ 2
o TEQ |&—7|
and A(Z) = ff—ﬁfd%’é(:%?—‘ what are the corresponding electrodynamic (i.e. time-

dependent) solutions in the Lorenz gauge? What do they have to do with causality?
[3 points]
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