
Vectors
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S
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~V · d~l Stoke’s theorem

~A× ( ~B × ~C) = ~B( ~A · ~C)− ~C( ~A · ~B)
~∇ · (~∇× ~V ) = 0 ~∇× ~∇ψ = 0
~∇× ~∇× ~A = ~∇(~∇ · ~A)−∇2 ~A

( ~A× ~B)i = εijkAjBk
~A · ~B = AiBi

εijkεilm = δjlδkm − δjmδkl

~r = ~r − ~r′

Maxwell’s equations for Electrostatics
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Fourier Series and Legendre Polynomials
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Multipole Expansions
V (~r) ≈ QTOT

4πεor
+ ~p·r̂

4πεor2 + · · ·
~p =

∑
i qi~r

′
i =

∫
ρ~r′d3τ ′ electric dipole moment

~E = p
4πεor3

[
2 cos θr̂ + sin θθ̂

]
field due to dipole oriented along the z-axis

Materials
~p = α~E
E = −~p · ~E ~τ = ~p× ~E properties of dipoles in external fields
ρ = ρf + ρb ρf is excess charge placed by experimenter

−~∇ · ~P = ρb
~P · n̂ = σb polarized material equivalent to ρb, σb

~P = 1
V

∑
i ~pi

~D = εo ~E + ~P always true
~∇ · ~D = ρf

~∇× ~D = ~∇× ~P
~P = χeεo ~E ~D = εoεr ~E = (1 + χe)εo ~E l.i.h dielectrics
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