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Position & Source: Position vector 7, source vector 7', separation vector Ar =7 — 7

Fundamental Theorems of Vector Calculus:
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Cartesian Coordinates: dl = dxX + dyy + dzZ dt =dxdydz
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Spherical Coordinates: x = r sinf cos¢, y = r sinf sing, z = r cosd
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Cylindrical Coordinates: x = scos¢, y =ssing, z=z
dl=ds§+sd¢pd +dzz dr=sdsddz
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Dirac Delta Function: 63(Ar) = —V ( ) f63(Ar) dt = 1if 7' contained in volume
Irrotational Function (e.g. Electrostatic Field): V E=0 E=-w gﬁﬁ dl=0
Solenoidal Function (e.g. Magnetostatic Field): V B=0 B=Vx4d gﬁﬁ -da=0
Electric Field: F(7) = — [22) PR dr, E(F) = —— [ 2D A7 da', EF) = — [222 & ar
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Magnetic Field: B(T) — H0f](rr)>< Ard B( )_ yofK(rr)xArd B( )_ Mofl(r,)xmdl



Continuity: V - f = — 3—’; (=0 in electrostatics/magnetostatics)

Gauss’s Law: ¢E ~da = Qenc/€0, V' E = p/e&, Qfency VD = ppree
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Ampere’s Law: gﬁﬁ ~dl = polone, VXB = ,uof,
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Electric Potential: V(7) = f Py (T') dt’, V{7#) =

E=-v, v(b)-v(@)= —fa E-dl, V2V = —p/e,

Magnetic Vector Potential: A(7) = ”" f](w)d AF) = ”0 fK(T')d AF) = ”0 fl(w)dl’
B=Vx4d V- A=0&V2A= —p,f (Coulornb gauge)

Laplace’s Equation: V2V = 0if p =0, V2ZA=0if =0
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Separation of Variables: 2= 0X Vayr = CoY,——= = G3Z, Cr#C2+C5=0, V(xy,2) = X(X)Y(y)Z(z)

Separation of Variables (Spherical): V(r,0) = Y.7’ (Alrl +3 +1) P;(cos)

Multipoles: V(#) = e 20 Tn+1f(7” )P, (cosa)p(#)dr!, AF) = #01 5 Tn+1f(7” )P, (cosa)di’
M - >/ —> 1 pT - > =4 - =4 =g
Dipoles: p = [ #'p(7")dt’, Vg, (7) = Ei_:' T=pXxE, F=(p-V)E, P =p/volume
m = 1d, Adlp( 7) = Z;mr—ir, ?=mxB, F = V(- B), M = m/volume
Fields in Matter: D = sE + P, op = P-7, pp =—V-P
H =Hi§—1\7, I?b = Mxﬁ, fb VxM
0
Linear Materials: P = eo)(eﬁ, D=¢E= (1 +)(e)£0E = sreoE Pp = —pr
M = xmH, B=uH=(+xmuoH, Jb = Xmls
_— = o ~ —_— =g
Boundary Conditions: AV = 0, AE = o= —-A (6n) f, AD, = oy, AD, = AP

A =0, AB = po(Kx#), AZ—n= oK, DHy = KroeXA, AH, = —AM,

Lorentz Force: F = Q(E + #xB), On Wire: ﬁmag = fI(ﬁxB)
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Work and Energy: W = QAV, W,iectrostatic = gz_ofEZdT , Welec+polarization = EfE D dr



