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1. Given a fixed tensor W 0 ∈ Skw with w0 as its axial vector, find the most general form of (35)
S ∈ Sym and W ∈ Skw (that could depend on W 0 and/or w0) that satisfy

(u,SW 0u) = 0 ∀u ∈ V,
(u,WW 0u) = 0 ∀u ∈ V.

You may assume that if Ŝ ∈ Sym, then (u, Ŝu) = 0 for all u if and only if Ŝ = 0. Deduce
any other result that you require.

2. Let W ∈ Skw. Find DeW
2
(W )[U ]. Your answer should not be in the form of an infinite (35)

series.

3. The velocity distribution for a point vortex in which each fluid particle moves in a circle (30)
around the origin is given by

ux = − Γy

2π(x2 + y2)
,

uy =
Γx

2π(x2 + y2)
,

where Γ is a constant. We want to find the equation of motion corresponding to the above
velocity field. Assuming the motion to be given by

x = f1(X) cos
Γtf4(X

2 + Y 2)

2π
− f2(Y ) sin

Γtf4(X
2 + Y 2)

2π
,

y = f2(X) sin
Γtf4(X

2 + Y 2)

2π
+ f3(Y ) cos

Γtf4(X
2 + Y 2)

2π
,

determine the functions f1, f2, f3 and f4. Guesswork for the functions is allowed as long
as you show that all the governing equations are satisfied.

Some relevant formulae

W = |w| (r ⊗ q − q ⊗ r), (w/ |w| , q, r orthonormal),

Wij = −εijkwk,

wi = −1

2
εijkWjk,

sinx = x− x3

3!
+
x5

5!
+ · · · ,

cosx = 1− x2

2!
+
x4

4!
+ · · · ,

ex − 1

x
= 1 +

x

2!
+
x2

3!
+ · · · .


