
Selected Mathematical Formulae

Differential Operators
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êz (cylindrical)

= ∂ψ
∂r
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Spherical Harmonics
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Clebsch-Gordon Coefficients
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Integral Theorems

∫
V
d3x∇ψ =

∫
S
da n ψ

∫
S
da n×∇ψ =

∮
C
dl ψ∫

V
d3x∇ ·A =

∫
S
da n ·A

∫
S
da n · (∇×A) =

∮
C
dl ·A∫

V
d3x∇×A =

∫
S
da n×A∫

V
d3x (φ∇2ψ + ∇φ ·∇ψ) =

∫
S
da n · (φ∇ψ)∫

V
d3x (φ∇2ψ − ψ∇2φ) =

∫
S
da n · (φ∇ψ − ψ∇φ)

where dan ≡ da is the differential area element with direction normal to the surface S.

Vector Identities

A · (B ×C) = B · (C ×A) = C · (A×B)

A× (B ×C) = (A ·C) B − (A ·B) C

(A×B) · (C ×D) = (A ·C)(B ·D)− (A ·D)(B ·C)

∇ · (ψA) = A ·∇ψ + ψ∇ ·A
∇× (ψA) = (∇ψ)×A + ψ∇×A

∇(A ·B) = (A ·∇)B + (B ·∇)A + A× (∇×B) + B × (∇×A)

∇ · (A×B) = B · (∇×A)−A · (∇×B)

∇× (A×B) = A(∇ ·B)−B(∇ ·A) + (B ·∇)A− (A ·∇)B

∇×∇ψ = 0

∇ · (∇×A) = 0

∇× (∇×A) = ∇(∇ ·A)−∇2A


