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1. If w is the axial vector of a skew-symmetric tensor W , and T is an arbitrary tensor, then (35)
first determine if TWT T is a skew-symmetric tensor, and if it is, then find the axial vector
of TWT T in terms of cof T and w. By taking T = Q, where Q is proper orthogonal,
deduce the axial vector of QWQT in terms of Q and w (your final answer should be in
terms of Q and w, and not in terms of cof Q and w). State whatever formulae you use
(without proving).

2. Let X and x denote the position vectors of a point in the reference and deformed config- (40)
urations.

(a) If w(x, t) is a vector-valued spatial field, then derive the formula for the material
derivative Dw/Dt in the Eulerian setting.

(b) If

w =
x

|x|
,

and if the Lagrangian description of velocity is given by

ṽ(X, t) = X(1 + t),

then using the formula that you derived in part (a) above, find the material derivative
Dw/Dt in the Eulerian setting, i.e., in terms of (x, t). (Hint: Note that x|t=0

= X).

3. A circular cylinder of radius a and length L is constrained along its axis, so that it can (25)
only deform along the radial direction when a pressure p is applied on its lateral surface
as shown in Fig. 1. Assuming ur = cr, uz = d1 + d2z, where c, d1 and d2 are constants
that you have to determine (not guess), and making suitable assumptions about uθ (justify
without proving), find the displacement and stress fields in the circular cylinder. You may
directly use the given formulae below.

Some relevant formulae

wi = −
1

2
ǫijkWjk,

Wij = −ǫijkwk,

(cof T )ij =
1

2
ǫimnǫjpqTmpTnq,

(cof T )TT = (detT )I.
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Figure 1: A circular cylinder constrained along its flat edges.
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τ = λ(tr ǫ)I + 2µǫ.
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