
Rechenregeln für Differentialoperatoren

∇ (ϕ1 + ϕ2) = ∇ϕ1 +∇ϕ2 grad (ϕ1 + ϕ2) = grad ϕ1 + grad ϕ2
∇ (ϕ1ϕ2) = ϕ2∇ϕ1 + ϕ1∇ϕ2 grad (ϕ1ϕ2) = ϕ2 grad ϕ1 + ϕ1 grad ϕ2

∇ (f (ϕ)) = df

dϕ
(ϕ)∇ϕ grad (f (ϕ)) =

df

dϕ
(ϕ) grad ϕ

∇ · (u1 + u2) = ∇ · u1 +∇ · u2 div (u1 + u2) = div u1 + div u2
∇ · (ϕ u) = u ·∇ϕ+ ϕ ∇ · u div (ϕ u) = u · grad ϕ+ ϕ div u
∇ · (u1 × u2) = u2 · (∇× u1)− u1 · (∇× u2) div (u1 × u2) = u2 · rot u1 − u1 · rot u2
∇ · (∇× u) = 0 div rot u = 0
∇× (u1 + u2) = ∇× u1 +∇× u2 rot (u1 + u2) = rot u1 + rot u2
∇× (u1 × u2) = (u2 ·∇)u1 − u2∇ · u1

+u1 (∇ · u2)− (u1 ·∇)u2
rot (u1 × u2) = (u2 · grad)u1 − u2 div u1

+u1 div u2 − (u1 · grad)u2
∇× (∇ϕ) = 0 rot grad ϕ = 0
∇× (∇× u) = ∇ (∇ · u)−∇ ·∇u

= ∇ (∇ · u)−4 u
rot rot u = grad (div u)− div grad u

∇× (ϕu) = ϕ ∇× u− u×∇ϕ rot (ϕu) = ϕ rot u− u× grad ϕ
4ϕ = ∇ ·∇ϕ = ϕxx + ϕyy + ϕzz 4ϕ = div grad ϕ = ϕxx + ϕyy + ϕzz

4 (ϕ1ϕ2) = ϕ24ϕ1 + 2∇ϕ1∇ϕ2 + ϕ14ϕ2
4 (f (ϕ)) = f 0 (ϕ)4ϕ+ f 00(ϕ)(∇ϕ)2
4 u = ∇ (∇ · u)−∇× (∇× u) div grad u = grad (div u)− rot rot u

Integralsätze
1.

R
V

grad u dV =
H
∂V

u dS V ⊂ R3 bzw. V ⊂ R2

Satz von Gauß:
2.

R
V

div −→u dV =
H
∂V

−→u · −→dS V ⊂ R3 bzw. V ⊂ R2

3.
R
V

rot −→u dV = −
H
∂V

−→u × −→dS V ⊂ R3 bzw. V ⊂ R2

Satz von Stokes:
4.

R
F

rot −→u · −→dS =
H
∂F

−→u · −→dx F − Fläche im R3

5.
R
F

grad u × −→dS = −
H
∂F

u dx F − Fläche im R3

Greensche Formeln:

6.
R
V

u 4v dV =
H
∂V

u
∂u

∂−→n dS −
R
V

grad u · grad v dV V ⊂ R3 bzw. V ⊂ R2

7.
R
V

u div −→v dV =
H
∂V

u −→v ·−→dS −
R
V

grad u ·−→v dV V ⊂ R3 bzw. V ⊂ R2
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