
From A Treatise on Electricity and Magnetism.

B = V.∇A = ∇A (1)
E = V.GB− Ȧ−∇Ψ (2)
F = V.CB+ eE−m∇Ω (3)
B = H+ 4πI (4)

4πC = V.∇H (5)
K = CE (6)

D =
1

4π
KE (7)

C = K+ Ḋ (8)
B = µH (9)
e = S.∇D (10)
m = S.∇I (11)
H = −∇Ω (12)

• A: electromagnetic momentum at a point

• B: magnetic induction

• C: total electric current

• D: electric displacement

• E: electromotive intensity

• F: mechanical force

• G: velocity of a point

• H: magnetic force

• I: intensity of magnetization

• K: current of conduction

• ψ: electic potential

• Ω: magnetic potential

• e: electric density

• m: density of magnetic ‘matter’

• C: conductivity for electric currents

• K: dielectric inductive capacity

• µ: magnetic inductive capacity

∇2A = 4πµC

S.∇A = 0
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Gauss’ law for magnetism (1):

B = ∇×A

∇ ·B = ∇ · (∇×A) = 0

Gauss’ law (10), (7):

∇ ·D = ρ

∇ · ( 1

4π
KE) = ρ

∇ ·E =
ρ

ϵ0

Ampère’s law (5), (9), (8), (7):

∇×H = 4πC

∇×B = 4πµC

= 4πµ(J + Ḋ)

= µ0

(
J + ϵ0

∂E

∂t

)
Faraday’s law (2), (1):

E = −Ȧ−∇ϕ

= −∂A
∂t

−∇ϕ

∇×E = −∇× ∂A

∂t
−∇× (∇ϕ)

= −∂(∇×A)

∂t

= −∂B
∂t

Some relabellings:

ρ = e

ϵ0 =
K

4π
µ0 = 4πµ

J = K

ϕ = Ψ

If we fully embrace quaternions, the four equations can be reduced to two. Note
∇A = −∇ ·A+∇×A, thus:

∇E = − ρ

ϵ0
− ∂B

∂t

∇B = µ0

(
J + ϵ0

∂E

∂t

)
Or with natural units (ϵ0 = µ0 = 1) and slight change of notation:

∇E + ∂tB = −ρ
∇B − ∂tE = J
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