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1. Using the relation (15)

(cof T )ij =
1
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εmniεpqjTmpTnq,

prove that cof (RS) = cof (R)cof (S).

2. Show that a (not necessarily symmetric) tensor T commutes with every or- (15)
thogonal tensor Q if and only if T = λI.

3. A scalar function φ : V → < is isotropic if φ(v) = φ(Qv) for all v ∈ V . (20)
Show that φ is isotropic if and only if there exist a function φ̂ such that

φ(v) = φ̂(|v|) ∀v ∈ V.

4. Find the gradient, ∂φ/∂T of the function φ(T ) = detT−1. Derive any results (15)
that you may need to find the final result.

5. Show that the rate of deformation tensor is given by (15)
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where R and U are the tensors in the polar decomposition of F .

6. Given the velocity field (15)

u =
y

1 + t3
e1 + te2,

do the following:

(a) using the Lagrangian approach calculate the acceleration of a fluid par-
ticle having an initial position X = (0, 0, 0).

(b) using the Eulerian definition of acceleration (i.e., the material derivative
of the velocity), calculate the acceleration of the fluid.

(c) determine the streamline that passes through the point (0,0,0).

7. Finally, a ‘fun’ question. The Cayley-Hamilton theorem states that a sym- (5)
metric tensor satisfies its own characteristic equation. If λ1, λ2 and λ3 are
the eigenvalues of S ∈ Sym, then we can write S3 − I1S2 + I2S − I3 = 0
as (S − λ1I)(S − λ2I)(S − λ3I) = 0, which in turn implies that S = λ1I
or S = λ2I or S = λ3I. But this is clearly not true, since S can be any
symmetric tensor. Where is the catch?


