
Formulae
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∇f =
∂f

∂x
x̂ +

∂f

∂y
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Cylindrical Coordinates

∇f =
∂f

∂ρ
ρ̂ +

1

ρ

∂f

∂φ
φ̂ +

∂f

∂z
ẑ
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Spherical Coordinates
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∂f

∂r
r̂ +

1

r

∂f

∂θ
θ̂ +

1

r sin θ

∂f

∂φ
φ̂

∇ ·A =
1

r2

∂(r2Ar)

∂r
+

1

r sin θ
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Matrices

A×B =

∣∣∣∣∣∣∣

x̂ ŷ ẑ
Ax Ay Az

Bx By Bz

∣∣∣∣∣∣∣

A · (B×C) =
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Ax Ay Az

Bx By Bz
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∇×A =

∣∣∣∣∣∣∣

x̂ ŷ ẑ
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∂
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Triple Products
(A×B) ·C = A · (B×C)

A× (B×C) = B(A ·C)−C(A ·B)

First Derivatives

∇(fg) = f∇g + g∇f

∇(f/g) = − f

g2
∇g +

1

g
∇f

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

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

∇× (fA) = f∇×A−A×∇f

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

Second Derivatives

∇ · ∇f = ∇2f

∇×∇f = 0

∇ · (∇×A) = 0

(∇×∇) ·A = 0

(∇×∇)×A = 0

∇× (∇×A) = ∇(∇ ·A)−∇2A

Integrals

∫
∇f dv =

∮
f da

∫
∇f × da = −

∮
f dl

∫
∇ ·A dv =

∮
A · da

∫
∇×A dv = −

∮
A× da

∫
(∇×A) · da =

∮
A · dl

∫
(da×∇)×A = −

∮
A× dl

Arc length

s =
∫ u2

u1

√
dr

du
· dr

du
du

Surface area

A =
∫ ∫

R

∣∣∣∣∣
∂r

∂u
× ∂r

∂v

∣∣∣∣∣ du dv

Evaluating surface integral

dS =
dA

|n̂ · k| =
|∇f | dA

∇f · k =
|∇f | dA

∂f/∂z
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