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Figure 1: The deformation y takes the reference configuration on the left to the deformed configuration on
the right.

Deformation

Consider a body occupying a region Q2 in three-dimensional space IR® as shown in Fig. 1. Let us
choose this to be the reference configuration; in other words, we use this configuration to describe the
body. Let x = {z;,z2,23} be a typical point in Q. We call the particle occupying the position x, the
particle x. Now, deform the body. The deformation may be described as a function y : @ — IR® where
¥(x) = {y1(x), y2(x), y3(x)} denotes position of the particle x in the deformed configuration.

Fig. 2 shows a simple deformation

n= (%)1'1 —V2z, +3, Y2 = (%)-’01 + Ve, Ys = Zs. (1)

We choose the reference configuration to be an unit cube as shown on the left. Notice that this deformation is
planar because y3 = z3 and we can draw it on a sheet of paper. To completely understand the deformation,
we have placed a grid in the reference configuration and followed its deformation. This deformation translates
the body to the right, stretches it in the “z,” direction and then rotates it counter-clockwise by 45°. Notice
that in this deformation, each part of the body has undergone the same distortion; such deformations are
known as uniform or homogeneous deformations.

Fig. 3 shows another planar deformation,

y1 =z + 0.1sin(27z5) + 2, y2 = 22+ 0.1z, Y3 = Z3. (2)

of the unit cube. Once again, we follow the deformation of a grid. Notice that in this case, the deformation
is not uniform; so we call this an inhomogeneous deformation.
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Figure 2: Example of a homogeneous deformation. The reference configuration on the left deforms to the
deformed configuration on the right under the deformation described in Eq. (2.15).
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Figure 3: Example of an inhomogeneous deformation. The reference configuration on the left deforms to
the deformed configuration on the right under the deformation described in Eq. (2.16). Notice that under
sufficient magnification, an inhomogeneous deformation can be approximated by a homogeneous deformation.
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