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1. (a) Prove the vector differential identity:

∇× (φ∇ψ) = (∇φ)× (∇ψ) .

It is sufficient to prove the equality for the x-component of each side.

[8 marks]

(b) Demonstrate that the above identity holds for

φ = xy and ψ = x+ y + z .

[6 marks]

2. (a) Explicitly evaluate the line integral,∫
Γ
F · dr ,

for
F = yzî + xzĵ + xyk̂ ,

where Γ is the straight-line path from (1,1,1) to (2,2,2).

[6 marks]

(b) Find a scalar potential for F and use it to evaluate the line integral.

[6 marks]

3. Prove that ∫
D

∂φ

∂z
dV =

∮
∂D
φ k̂ · n̂ dS ,

for the special case where D is a z-simple domain defined by

a ≤ x ≤ b, c ≤ y ≤ d and f(x, y) ≤ z ≤ g(x, y) .

As usual, n̂ is the outward-pointing unit normal to the surface, ∂D.

[12 marks]
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4. Demonstrate the identity,∫
D
∇φ dV =

∮
∂D
φ n̂ dS ,

by evaluating both sides of the equality for

φ = xy ,

where D is the unit cube defined by

0 ≤ x ≤ 1, 0 ≤ y ≤ 1 and 0 ≤ z ≤ 1.

As usual, n̂ is the outward-pointing unit normal to the surface, ∂D.

[12 marks]

[End of Question Paper]
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