
Advanced Fluid Dynamics 2017

Sheet 1 Revision of vector calculus

1. Evaluate ∇. f and ∇∧ f for the following vector fields:

(i) f =
x

r3
and (ii) f =

A

r3
− 3(A.x)x

r5
,

where r = |x| and A is a constant vector.

2. Show that for a surface S, bounded by a curve C∫
S

n dS =
1

2

∮
C

x ∧ dl.

Verify this expression for a unit circle, centred at the origin in the (x, y) plane.

3. Find the constants λ and µ such that∫
V

xixjdV = λδij and

∫
V

xixjxkdV = µεijk,

where V is the volume contained within a sphere of radius a, centred on the origin.

4. In cylindrical polar coordinates, the vector field u = ur̂ + vθ̂ + wẑ, where u, v and w are
functions of r, θ & z and r̂, θ̂ & ẑ are unit normal polar vectors. Determine:

(i) ∇.u; (ii) ∇∧ u and (iii) ∇2u.
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