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1. Consider χ given by the following formulae

r = f(R),

ϕ = Φ,

z = Z.

This means that the deformation χ is given as a function that takes coordinates [R,Φ, Z] in the reference configuration—
with respect to the cylindrical coordinate system—and returns position of that point in terms or polar coordinates in
the current configuration, see Figure 1.

Show that the deformation gradient is given by the formula

F =
df

dR
er̂ ⊗ER̂ +

f

R
eϕ̂ ⊗EΦ̂ + eẑ ⊗EẐ .
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Figure 1: Problem geometry.

2. Recall that the Euler–Almansi strain tensor is defined as e(x, t)∣x=χ(X,t) =def
1
2
(I − F−⊺(X, t)F−1

(X, t)). Show that the
material time derivative of Euler–Almansi strain tensor is given by the formula

de
dt
= D − L⊺e − eL.


