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1. Using the formula (30)
u · (v ×w) = ǫijkuivjwk,

evaluate a · (b× c) where a = u× v, b = v×w and c = w× u in terms of u · (v×w).

2. Let a, b and c be arbitrary vectors. (35)

(a) Using indicial notation, determine whether

a · (b× c) = b · (c× a) = c · (a× b),

a× (b× c) = (a · c)b− (a · b)c.

(b) Let g := a · (b× c), and let W (g) be a function of g. It is given that

a×
∂W
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∂W

∂b
+ c×

∂W

∂c

is a constant vector independent of a, b and c. Using the results from Part (a), find
this constant vector.

3. Treat this problem as a two-dimensional problem by ignoring the z-coordinate, z-displacement(35)
etc. Thus, the deformation gradient, velocity gradient etc. are 2× 2 matrices. The motion
in the ē1–ē2 coordinate system is given by

x̄ = X̄ cos γt,

ȳ = Ȳ ,

where γ is a constant, and (x̄, ȳ) and (X̄, Ȳ ) denote the deformed and undeformed coor-
dinates with respect to the ē1-ē2 coordinate system. The ē1-ē2 coordinate system rotates
about the e3 axis as shown with ē1 making an angle θ(t) with respect to the e1 axis. With
respect to the e1-e2 coordinate system,

(a) Find the motion χ(X, t), the deformation gradient F , and the Lagrangian and small
strain tensors E and ǫ at time t.

(b) Find the Lagrangian and Eulerian velocities (ṽ, v) and accelerations (ã,a). The
Eulerian acceleration a(x, t) must be found using the expression for v(x, t).



ē 1
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Figure 1: A spinning rod.
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