
MA30253: Continuum Mechanics
Tutorial Sheet 1

1. Determine which of the following expressions is valid when using the Einstein summa-
tion convention:

(i) aijcij = aijcjj , (ii) aij = bibj , (iii) aii = bjj , (iv)
∂aij
∂xk

= cikbj , (v) cij = ∂ai
∂xi

+
∂bj
∂xj

.

2. (i) Write the matrix equation

CDT = A(I −BBT )CT

using index notation.

(ii) Which of the following expressions is equivalent to vi = bjiṽj : (a) vk = bmkṽm, (b)
vp = bpqṽq, (c) vm = ṽnbnm ?

3. Write down the Euler equations for the flow of an inviscid fluid together with the
condition of incompressibility using index notation.

4. If S = (sij) is a symmetric matrix and A = (aij) is a skew-symmetric matrix, show
that aijsij = 0 .

5. Prove the following identity

εijkεilm = δjlδkm − δjmδkl .

6. Let a,b ∈ E3, then the tensor product of a and b, denoted a ⊗ b, is the linear
transformation from E3 to E3 defined by

a⊗ b (v) = 〈b,v〉a ∀v ∈ E3.

Suppose that σ : E3 → E3 is a linear transformation and that A = (aij) ∈ M3×3 is
the matrix representing σ with respect to the basis A = {e1, e2, e3} in both domain and
codomain. Show that

σ = aij ei ⊗ ej .

Deduce that {ei ⊗ ej} is a basis for the vector space L(E3,E3) of linear transformations
from E3 to E3. What is the dimension of L(E3,E3)?

7. Using the result from Q5, prove the following formula for the triple vector product of
X,Y,Z ∈ E3

X× (Y × Z) = 〈X,Z〉Y − 〈X,Y〉Z .


