Maxwell’ s Equations

Some vector relationships. S scalar, V vector.
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V? Sisthe Laplacian operator on ascalar
Laplacian operator on avector is

VAV =i V2V +] V2V +kV?V,
Thecurl curl V operation. YV xV xV

Consider just the x component
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Similarly for the y and z components hence
curlcurl V=Y xV xV = Y(VV)-V?V
Two Useful Theorems
Gauss's Theorem

[Jvds = [[[divV dv

Stokes's Theorem
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$V i = [[eurl v ds= [[V xV ds

Electrica Laws
Gauss Law
V-D=p,
JIJv-Dyav = [[fp,dv
Jlpds = q

Gauss MagnetismLaw  (no free poles)
YV:B=0
Faraday’s Law

¢(t) = [ /B ds
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e

e = $Ed = [[VxEds

. J[VxEds = -ff%.ds

VxE = -2
Ampere'sLaw
$H.dl = |
i = [[3ds= $Hd = [[(VxH)ds

VxH =1J

By analogy with equ. 3

by Gauss's Theoreom

by Stoke' s theorem

VxH = £ = J4 Displacement current introduced by Maxwell

ot



VxH =3+ = J+ 2 4

The Wave Equation
VxE=-28-_,H

oot ot

Faraday’s Law

VXVXE = V(V-E) -V2E = Vx (%) = uZ(VxH)
Assume empty space p, =0andJ=0

iee V-E=0

. V2E = p2(V xH)
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Assume awave polarised in x direction travelling in z direction with velocity c.

PEe = PEx
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OB _ 10, PEx _ £2(,_

5, = [(z-c) e = f4(z-ct)
OB — £l PE _ 2(7 -
o = cfiz-cy o = 2 f?(z-ct)

f2(z-ct) = puec®f?(z-ct)
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