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1. Let ϕ, ψ, u, v and A be smooth scalar, vector and tensor fields in R3. Show that1

div(ϕv) = v ● (∇ϕ) + ϕdivv,

div(u × v) = v ● rotu −u ● rotv,

div (u⊗ v) = [∇u]v +udivv,

div (ϕA) = A (∇ϕ) + ϕdiv A.

Further, show that

∇ (ϕψ) = ψ∇ϕ + ϕ∇ψ,

∇ (ϕv) = v ⊗∇ϕ + ϕ∇v,

∇ (u ● v) = (∇u)
⊺

v + (∇v)
⊺

u,

rot(ϕv) = ϕ rotv − v ×∇ϕ.

1We use the notation ([∇u]v)i =
∂ui
∂xj

vj .


