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Examination formula sheet

Grad, div and curl

Cartesian coordinates (x, y, z)

Here f is a scalar function and F = Fxi + Fyj + Fzk is a vector function.

∇f =
∂f

∂x
i +

∂f

∂y
j +

∂f

∂z
k

∇ · F =
∂Fx

∂x
+

∂Fy

∂y
+

∂Fz

∂z

∇ × F =

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

i j k

∂

∂x

∂

∂y

∂

∂z

Fx Fy Fz

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

∇
2f =

∂2f

∂x2
+

∂2f

∂y2
+

∂2f

∂z2

Cylindrical polar coordinates (r, θ, z)

Here f is a scalar function and F = Frer + Fθeθ + Fzez is a vector function.
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Spherical polar coordinates (r, θ, φ)

Here f is a scalar function and F = Frer + Fθeθ + Fφeφ is a vector function.
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Note that although r and θ mean different things in cylindrical and spherical polar coordinates,
no confusion should arise as problems generally require one or the other, and not both.

Useful identities

In the following expressions: a and b are scalars, u and v are vectors.

∇ · (∇ × u) ≡ 0

∇ × (∇a) ≡ 0

∇ · ∇a ≡ ∇
2a

∇ (ab) ≡ a∇b + b∇a

∇ · (au) ≡ a∇ · u + u · ∇a

∇ × (au) ≡ a∇ × u − u × ∇a

∇ (u · v) ≡ u × (∇ × v) + v × (∇ × u) + (u · ∇) v + (v · ∇)u

∇ · (u × v) ≡ v · (∇ × u) − u · (∇ × v)

∇ × (u × v) ≡ u (∇ · v) − v (∇ · u) + (v · ∇) u − (u · ∇)v

∇ × (∇ × u) = ∇ (∇ · u) −∇
2u


