Maxwell’s Equations

Differential Form Integral Form Terms Name
_P _ Gene E-nda = Electric Flux Gauss’ Law
V-E="— CﬁE'nda_g_ (]SS for Electric Fields
0 S 0
V-B=0 $B-nda=0 ¢ B-nda = Magnetic Flux Gauss’ Law
for Magnetic Fields
__0B __0 E-dl = Electric Circulation/Emf Faraday’s Law
VXE__E gSE-dL——jB-nda cﬁ (Note: div curl E=0.)

QJ'B-nda: Rate of Change in
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Magnetic Flux

_ oE _ 0 B-dl = Magnetic Circulation | Ampere-Maxwell Law
VxXB = o+ poo 7o PB-dl = pgly, + 152, —- [ E-n da gf (Extra term guarantees
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—IE-nda = Rate of Change in
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Electric Flux
, r-r r-r' 3) . . ,
Coulomb’s Law: F =qE, [E(r) = 2 | ||3 Use V., —|3 = 475" (r-r") to obtain Gauss” Law
r—r r-r'
Lorentz Force: F =qvxB, Use V x[J(r)x| | ] J(r')Vv, —(J(r')-Vr)r_—rr;,
r— i r-r'
r' 0, i
Biot-Savart Law: [B(r) = Ho j J(r )><| | dv',|and Continuity Equation, E”W -J =0, [to obtain Ampere-Maxwell Law
-r
. ) , : . ) O°E

The vector identity Vx(VxV)=V(V-V)-V-V and Maxwell’s equations lead to the wave equation: |V°E — 14&, o 0|

. . P
For nonmagnetic materials add polarization: J=J, +J =J, +% and p=p;+p,=p; —V-P.

Maxwell’s Equations (separating free charge p, and free current J, contributions):

V-D=p,,V-B=0 VXE__%; VxH=J +aalt) where D:80E+P:gE,H:iB—M:£B for P=¢,y E and M = y, H.
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