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11. The Maxwell Equations
Chapter Summary

» Three of Maxwell’s equations have been explored in detail in Chap-
ters 1 — 10,

V-E =p/e Gauss’s Law for E(x,t)
V-B=0 Gauss’s Law for B(x, t)
VxE=-0B/ot Faraday’s Law

The fourth equation is
V x B = poJ + poeg0E /0t Ampere-Maxwell Law

the term ¢y0E /0t is the displacement current density.

» For systems with polarizable materials, it is convenient to introduce
the fields D and H. Maxwell’s equations are then

V-D = pree V-B=0
VxE=-0B/ot V xH = Jpee +0D/0t

» We may simplify the solution of the equations formally by introduc-
ing potentials A(x,t) and V(x,t), in terms of which

B=VxA and E=-VV -0A/ot

» The field energy density and energy flux are
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or, with linear polarizable materials,
1 1
uziE-D+§B~H and S=E x H.

» Electromagnetic waves in vacuum

The Maxwell equations with p = 0 and J = 0 have wave solutions. A
harmonic plane wave has the form

E(x,t) = Eqe!kx—«t)
B(x,t) = Bge'kxt),

The field equations require that Eg, B, and k form an orthogonal triad
of vectors with Ey x By in the direction of k. Also required are

E
w=ck and Boz—o,
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where ¢ = 1/,/o€o. The constant ¢ is the speed of light (and all other
forms of electromagnetic radiation) in vacuum.



