
Constants:

ke ≡ 1/4πεo = 8.98755× 109 N ·m2 ·C−2

εo = 8.85× 10−12 C2/N ·m2

µ0 ≡ 4π× 10−7 T ·m/A

c2 = 1/µ0ε0 ≈
(
3× 108 m/s

)2

e = 1.60218× 10−19 C

Maxwell’s equations, Lorentz, & continuity
(without polarization or magnetization)
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~∇ · ~E =
ρ

ε0
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∂
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Note c2 =
1

µ0ε0

Electric Force & Field (static case):

~F12 = ke
q1q2
r212

r̂12 = q2~E1 ~r12 =~r1 − ~r2

~E1 = ~F12/q2 = ke
q1
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∑
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∫
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ρ dτ→ σ da→ λ dl

~∇ · ~E = ρ/εo ~E = − ~∇V

Electric Potential (static case):

∆V = VB − VA =
∆U

q
= −
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∫
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∫
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Upair of point charges = ke
q1q2
r12

= V1q2 = V2q1

Ufield =
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∫
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Field transformations
(primed frame moves with v relative to unprimed along x)

E′
x = Ex E′

y = γ
(
Ey − vBz

)
E′
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(
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B′
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Current & Resistance:

I =

∫
S

~J ·d ~A
uniform j
−−−−→ I =

dQ

dt
= nqAvd

j =
∑
k

nkqkvk
uniform j
−−−−→ j =

I

A
= nqvd

R = ∆V/I or ~j = σ~E Ohm, isotropic

ji =

3∑
j=1

σijEj Ohm, anisotropic/general

Vector Calculus:

d~l = x̂ dx + ŷ dy + ẑ dz = r̂ dr + θ̂ r dθ + ϕ̂ r sinθ dϕ cartesian, spherical

dτ = dx dy dz = r2 sinθ dr dθ dϕ cartesian, spherical
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∂
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]
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]
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∂θ

]
ϕ̂ spherical

cartesian (x,y,z)

sp
he
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l

r =
√

x2 + y2 + z2

ϕ = tan−1 ( y
x

)
θ = tan−1

(√
x2 + y2/z

)
spherical (r,ϕ|2π

0 ,θ|π0 )

ca
rt

es
ia

n x = r sinθ cosϕ
y = r sinθ sinϕ
z = r cosθ

cartesian (x,y,z, )

sp
he

ri
ca

l r̂ = 1
r (x x̂ + y ŷ + z ẑ)

r̂ = sinθ cosϕ x̂ + sinθ sinϕ ŷ + cosθ ẑ

θ̂ = cosθ cosϕ x̂ + cosθ sinϕ ŷ − sinθ ẑ
ϕ̂ = − sinϕ x̂ + cosϕ ŷ

spherical (r,ϕ|2π
0 ,θ|π0 )

ca
rt

es
ia

n x̂ = sinθ cosϕ r̂ + cosθ cosϕ θ̂ − sinϕ ϕ̂

ŷ = sinθ sinϕ r̂ + cosθ sinϕ θ̂ + cosϕ ϕ̂

ẑ = cosθ r̂ − sinθ θ̂

Relativity

γ =
1√

1 − v2
c2

∆t′moving = γ∆tstationary = γ∆tp

L′
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γ

=
Lp

γ
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(
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)
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