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Vol 3: Electromagnetic theory by Heaviside, Oliver, 1850-1925.

Luego de esto, Heaviside procede a introducir el análisis vectorial.
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1 Identidades del cálculo vectorial

En las siguientes ĺıneas, φ y ψ representan escalares, mientras que a, b y c son vectores.

Triple productos y productos mixtos

a× (b× c) = b(a · c)− c(a · b)

a× (b× c) + b× (c× a) + c× (a× b) = 0

a · (b× c) = b · (c× a) = c · (a× b) (≡ [a, b, c])

(a× b) · (c× d) = (a · c)(b · d) − (a · d)(b · c)

Reglas de producto

∇(φψ) = φ∇ψ + ψ∇φ

∇(a · b) = a× (∇× b) + b× (∇× a) + (a ·∇)b+ (b ·∇)a

∇ · (φa) = φ∇ · a+ a ·∇φ

∇ · (a× b) = b · (∇× a)− a · (∇× b)

∇× (φa) = φ∇× a− a×∇φ

∇× (a× b) = (b ·∇)a− (a ·∇)b+ a∇ · b− b∇ · a

∇× (a× b) = a× (∇× b)− b× (∇× a)− (a×∇)× b+ (b×∇)× a

Derivadas segundas

∇ · (∇× a) = 0

∇× (∇φ) = 0

∇× (∇× a) = ∇(∇ · a)−∇2a

Teoremas integrales fundamentales∫ r2

r1
(∇φ) · dl = φ(r2)− φ(r1)∫

V
(∇ · a)d3r =

∫
S(V )

a · ds∫
S(C)

(∇× a) · ds =
∮
C
a · dl

Otros teoremas integrales∫
V

(∇φ) d3r =
∫
S(V )

ds φ∫
V

(∇× a) d3r =
∫
S(V )

ds× a
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2 Operadores vectoriales en distintos sistemas de coordenadas

Coordenadas cartesianas

dl = dx x̂+ dy ŷ + dz ẑ

d3r = dx dy dz

∇φ = ∂xφ x̂+ ∂yφ ŷ + ∂zφ ẑ

∇ · a = ∂xax + ∂yay + ∂zaz

∇× a = (∂yaz − ∂zay) x̂+ (∂zax − ∂xaz) ŷ + (∂xay − ∂yax) ẑ

∇2φ = ∂2xφ+ ∂2yφ+ ∂2zφ

Coordenadas esféricas

dl = dr r̂ + r dθ θ̂ + r sen θ dϕ ϕ̂

d3r = r2sen θ dr dθ dϕ

∇φ = ∂rφ r̂ + r−1∂θφ θ̂ + (r sen θ)−1∂ϕφ ϕ̂

∇ · a = r−2∂r(r
2ar) + (r sen θ)−1∂θ(sen θ aθ) + (r sen θ)−1∂ϕaϕ

∇× a = (r sen θ)−1[∂θ(sen θ aϕ)− ∂ϕaθ] r̂ + r−1[(sen θ)−1∂ϕar − ∂r(raϕ)] θ̂

+r−1[∂r(raθ)− ∂θar] ϕ̂

∇2φ = r−2∂r(r
2∂rφ) + (r2sen θ)−1∂θ(sen θ∂θφ) + (r2sen2θ)−1∂2ϕφ

Coordenadas ciĺındricas

dl = dr r̂ + r dϕ ϕ̂+ dz ẑ

d3r = r dr dϕ dz

∇φ = ∂rφ r̂ + r−1∂ϕφ ϕ̂+ ∂zφ ẑ

∇ · a = r−1∂r(rar) + r−1∂ϕaϕ + ∂zaz

∇× a = [r−1∂ϕaz − ∂zaϕ] r̂ + [∂zar − ∂raz] ϕ̂+ r−1[∂r(raϕ)− ∂ϕar] ẑ

∇2φ = r−1∂r(r∂rφ) + r−2∂2ϕφ+ ∂2zφ


