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2 Gradient, Divergence, Curl, and Laplacian

2.1 Cartesian Coordinates (x, y, z)
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2.2 Cylindrical Coordinates (ρ, φ, z)
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ẑ (28)

∇ · ~A =
1
ρ

∂

∂ρ
(ρAρ) +

1
ρ

∂Aφ

∂φ
+

∂Az

∂z
(29)

∇× ~A =
(

1
ρ

∂Az

∂φ
− ∂Aφ

∂z

)
ρ̂ +

(
∂Aρ

∂z
− ∂Az

∂ρ

)
φ̂ +

(
1
ρ

∂

∂ρ
(ρAφ)− 1

ρ

∂Aρ

∂φ

)
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2.3 Spherical Coordinates (r, θ, φ)
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3 Fourier series

If m and n are integer numbers:
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4 Useful Vector Identities

~A · ( ~B × ~C) = ~B · ( ~C × ~A) = ~C · ( ~A× ~B) (48)
~A× ( ~B × ~C) = ~B( ~A · ~C)− ~C( ~A · ~B) (49)

( ~A× ~B) · (~C × ~D) = ( ~A · ~C)( ~B · ~D)− ( ~A · ~D)( ~B · ~C) (50)
∇(ψV ) = ψ∇V + V∇ψ (51)

∇ · (ψ ~A) = ∇ψ · ~A + ψ∇ · ~A (52)

∇× (ψ ~A) = ∇ψ × ~A + ψ∇× ~A (53)

∇ · ( ~A× ~B) = ~B · (∇× ~A)− ~A · (∇× ~B) (54)

∇× ( ~A× ~B) = ~A(∇ · ~B)− ~B(∇ · ~A) + ( ~B · ∇) ~A− ( ~A · ∇) ~B (55)

∇( ~A · ~B) = ( ~A · ∇) ~B + ( ~B · ∇) ~A + ~A× (∇× ~B) + ~B × (∇× ~A) (56)
∇×∇V = 0 (57)

∇ · (∇× ~A) = 0 (58)

∇×∇× ~A = ∇(∇ · ~A)−∇2 ~A (59)y
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∇2(ψV ) = ψ∇2V + V∇2ψ + 2∇V · ∇ψ (71)




