Div, Grad and Curl

Cartesian: ds^2 = dx^2 + dy^2 + dz^2

∇f = ∂f ∂x x̂ + ∂f ∂y ŷ + ∂f ∂z ẑ

∇ · A =

∂A_x ∂x + ∂A_y ∂y + ∂A_z ∂z ∇ × A = ( ∂A_z ∂y − ∂A_y ∂z ) x̂ + ( ∂A_x ∂z − ∂A_z ∂x ) ŷ + ( ∂A_y ∂x − ∂A_x ∂y ) ẑ

∇^2f =

∂^2f ∂x^2 + ∂^2f ∂y^2 + ∂^2f ∂z^2

Cylindrical Polar: ds^2 = dρ^2 + ρ^2dϕ^2 + dz^2, ϕ ∈ [0, 2π)

∇f = ∂f ∂ρ ρ̂ + 1 ρ ∂f ∂ϕ ϕ̂ + ∂f ∂z ẑ

∇ · A = 1 ρ ∂ ∂ρ (ρA_ρ) + 1 ρ ∂A_ϕ ∂ϕ + ∂A_z ∂z ∇ × A = ( 1 ρ ∂A_z ∂ϕ − ∂A_ϕ ∂z ) ρ̂ + ( ∂A_ρ ∂z − ∂A_z ∂ρ ) ϕ̂ + 1 ρ [ ∂ ∂ρ (ρA_ϕ) −

∂A_ρ ∂ϕ ] ẑ

∇^2f = 1 ρ ∂ ∂ρ ( ρ ∂f ∂ρ ) + 1 ρ^2

∂^2f ∂ϕ^2 + ∂^2f ∂z^2

Spherical Polar: ds^2 = dr^2 + r^2dθ^2 + r^2 sin^2 θdϕ^2, θ ∈ [0, π), ϕ ∈ [0, 2π)

∇f = ∂f ∂r r̂ + 1 r ∂f ∂θ θ̂ + 1 r sin θ ∂f ∂ϕ ϕ̂

∇ · A = 1 r^2 ∂ ∂r ( r^2A_r ) + 1 r sin θ ∂ ∂θ (sin θ A_θ) + 1 r sin θ

∂A_ϕ ∂ϕ ∇ × A = 1 r sin θ [ ∂ ∂θ (sin θ A_ϕ) −

∂A_θ ∂ϕ ] r̂ + [ 1 r sin θ

∂A_r ∂ϕ − 1 r ∂ ∂r (rA_ϕ) ] θ̂ + 1 r [ ∂ ∂r (rA_θ) −

∂A_r ∂θ ] ϕ̂

∇^2f = 1 r^2 ∂ ∂r ( r^2 ∂f ∂r ) + 1 r^2 sin θ ∂ ∂θ ( sin θ ∂f ∂θ ) + 1 r^2 sin^2 θ

∂^2f ∂ϕ^2