
product property index not’n (Cartesian!) physical meaning

�A· �B �A· �B = �B· �A , scalar = AiBi projection of �A on �B and vice versa

�A× �B �A× �B = − �B× �A , vector: ⊥ �A, �B = AiBj εijk êk ∝ area of the rhombus spanned by �A, �B

�A·( �B×�C) �A·( �B×�C) = �B·(�C× �A) = �C·( �A× �B) = AiBjCk εijk volume of the rhomboid spanned by �A, �B, �C

�∇ vectorial derivative (nabla) operator = êi ∂
∂xi rate of change in 3-space

(�∇ f) = êi ∂f
∂xi gradient of the function f

�∇· �A �∇·( �A f) = (�∇· �A) f + �A·(�∇f) = ∂Ai

∂xi divergence of the vector �A; . . . of ( �A f)

�A·�∇ �A·�∇ = �∇· �A only if (�∇· �A) = 0 = Ai ∂
∂xi gradient along the vector �A

�∇× �A �∇×( �A f) = (�∇× �A) f + �A×(�∇f) = ∂Aj

∂xi εijkêk curl of the vector �A; . . . of ( �A f)

�A×�∇ �A×�∇ = −�∇× �A only if (�∇× �A) = 0 = êi εijk Aj
∂

∂xk gradient perpendicular the vector �A

�∇2 f = (�∇·�∇ f) = δij ∂2f
∂xi∂xj =

�3
i=1

∂2f
∂xi∂xi Laplacian of f

(�∇×�∇ f) ≡ 0 = ∂2f
∂xi∂xj εijk êk none

�∇(�∇· �A) = �∇×(�∇× �A) + �∇2 �A = ∂2Aj

∂xi∂xj êi nothing in particular

�∇·(�∇× �A) ≡ 0 = ∂2Ak
∂xi∂xj εijk none

�∇×(�∇× �A) = �∇(�∇· �A)− �∇2 �A = ∂2Aj

∂xl∂xi εijkδkmεlmn ên “curlcurl” of �A

εijk, εijk :=






+1 if i, j, k is and even permutation of 1, 2, 3,

−1 if i, j, k is and odd permutation of 1, 2, 3,

0 otherwise (if two or more of i, j, k are equal);

εijkδklεlmn = δimδjn − δinδjm ;

εijkεklm = δi
lδ

j
m − δi

mδj
l ;

δij :=

�
1 if i = j,

0 if i �= j.


