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Vector Products

a× b =

∣∣∣∣∣∣
x̂ ŷ ẑ
ax ay az
bx by bz

∣∣∣∣∣∣
where x̂, ŷ, ẑ are unit vectors.

a× (b× c) = b(a · c)− c(a · b)

a× (b× c) + b× (c× a) + c× (a× b) = 0

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

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

Gradient, Divergence, Curl and The Laplace
Operator
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∇× (∇U) = 0

∇ · (∇U) = ∇U
∇ · (∇×A) = 0

∇× (∇×A) = ∇(∇ ·A)−∆A

∇ · (UV ) = U∆V + 2∇U · ∇V + V∆U
∇ · (UV ) = U∆V + 2(∇U · ∇)V + V ∆U
∇× (UV ) = U∇× V + (∇U)× V

∇ · (A×B) = B · (∇×A)−A · (∇×B)

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

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

Gauss’ theorem∮
S(V )

a · dS =

∫
V

(∇ · a)dV

Where dV in polar coordinates are r2 sin θ dr dθ dϕ

Stoke’s theorem∮
C(S)

a · dl =

∫
S

(∇× a) · dS

Where S is an arbitrary surface with border C(S)

Green’s theorem∮
S(V )

(Ψ∇ϕ− ϕ∇Ψ) · dS =
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V

(Ψ∆ϕ− ϕ∆Ψ)dV
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