
4 Chapter 1. The Theory
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Figure 1.1: Small volume chunk with all components of the stress tensor labeled.
Reference axis to the right.

a small, 3-dimensional chunk of a gel as shown in Fig. 1.1. We must consider the
forces that each surface experiences in each direction. To express these values, we can
exploit the compactness of tensor notation. Also more useful for continuous media is
considering the force per unit area, which is called stress.

In continuum mechanics, there is an equation similar to Eq. 1.1 for elastic media,
which is the classification for the gel in use. It is given in tensor notation by:

�ij = Cijkl✏kl (1.2)

where �ij is known as the stress tensor, and ✏kl as the strain tensor. Each component
of the stress tensor indicates the ith component of the force (per unit area) on the
jth surface (specifically, j denotes the axis normal to the surface), where both indices
can be x, y, or z, as shown in Fig. 1.1. The elastic medium is in equilibrium and it
is assumed that there is no internal angular momentum. From this we find that the
stress tensor is symmetric in its indices (3).

The expression for the strain tensor can become very complicated, but the regime
of small displacements we are working in allows us to only keep derivatives of the
displacement vector, u(x), up to linear order. The strain tensor becomes
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Since �ij and ✏kl are both symmetric, they have at most 6 independent elements.
This means that Cijkl, has at most 36 independent constant values. The number of
constants can be further decreased by taking into account that the gel is an isotropic
material, meaning that it behaves the same in every direction. This condition is so
restricting that we are left with only two constants.

Now, Eq. 1.2 can be rewritten as:

�ij = �✏↵↵�ij + 2G✏ij, (1.4)


