
Formelsammlung zur Vektoranalysis
1 Vektor-Differentialoperatoren in krummlinigen
Orthogonalkoordinaten

Linienelement: ds2 = g12dx12 + g22dx22 + g32dx32

Beispiele: x1 x2 x3 g1 g2 g3
kartes. x y z 1 1 1
Zylinder r ϕ z 1 r 1
Kugel r ϑ ϕ 1 r r sin(ϑ)

Volumenelement: dV = g1g2g3dx1dx2dx3

Gradient: grad(U) = ( 1
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2 Rechenregeln
rot(grad(U)) = 0
div(rot(A⃗)) = 0
rot(rot(A⃗)) = grad(div(A⃗)) −△A⃗ (kartesische Koordinaten)

div(A⃗ × B⃗) = B⃗ rot(A⃗) − A⃗ rot(B⃗)
grad(UV ) = U grad(V ) + V grad(U)
rot(λA⃗) = λ rot(A⃗) + (grad(λ)) × A⃗
div(λA⃗) = λ div(A⃗) + A⃗ grad(λ)
rot(A⃗ × B⃗) = (B⃗grad)A⃗ − (A⃗grad)B⃗ + A⃗ div(B⃗) − B⃗ div(A⃗)
grad(A⃗B⃗) = (B⃗grad)A⃗ + (A⃗grad)B⃗ + A⃗ × rot(B⃗) + B⃗ × rot(A⃗)
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3 Vektor-Differentialoperatoren in Zylinder- und
Kugelkoordinaten

a) Zylinderkoordinaten

Linienelement: ds2 = dr2 + r2 dϕ2 + dz2

Volumenelement: dV = r dr dϕ dz

Gradient: grad(U) = ∂U
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Rotation: rot(A⃗) = [1
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Laplace-Operator: △U = 1
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b) Kugelkoordinaten

Linienelement: ds2 = dr2 + r2 dϑ2 + r2 sin2(ϑ) dϕ2

Volumenelement: dV = r2 sin(ϑ) dr dϑ dϕ

Gradient: grad(U) = ∂U
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Divergenz: div(A⃗) = 1
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Rotation: rot(A⃗) = 1
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