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* Mathematical modeling of physical phenomena, which are too complex to calculate

Technical (but partly understood)

Research Contents ‘

The so-called liquid crystal elastomer (LCE), as a concrete example, is
a chemical compound of polymers and liquid crystals and anisotropically Lc lsotropic Electric Anisotropic
deforms depending on the direction of L.C molecules. The direction of L.C
can be controlled by electric fields, and hence, the deformation of LCE can
also be controlled. However, it is almost clear that the theoretical
calculation of deformation is a very hard task. To such a complex
phenomenon, an applicable technique is the discrete Finsler geometry
(FG) model, which has been developed by the authors.

I would like to express the outline of basic idea. Since LCE undergoes
elastic deformation, it is better to use elastic energy. The elastic energy, like the spring energy (1/2)kx?, is
of the form of the sum of “elastic constant x squares of distance between molecules”. This elastic energy
should be dependent on the L.C direction, because LCE deformation is dependent on the L.C direction.
However, since the latter part “squares of distance” depends only on the LC position, the former part
“elastic constant” should be dependent on LC direction, otherwise the elastic energy has to be
direction-independent. Pushing forward this consideration further, we find that the elastic constant is
dependent on both position and direction of LLC molecules. Then, how should we naturally explain such a
situation? One possible answer is to consider that the metric for length unit inside the material varies
depending on the direction of LC molecules. Then, the deformation like shown in the figure can be well
understood. Indeed, the elastic energy of FG model of LCE becomes dependent on not only the squares of
distance but also the elastic constant. Moreover, the distance becomes larger (smaller) for the small (large)
elastic constant. From this, the elastic constant is automatically determined by averaging over scales of
molecular distance altered by fluctuations of LC direction.

If a phenomenon, which looks macroscopically complex, is assumed to be decomposed into microscopic
phenomena, each microscopic phenomenon is easy to calculate, and therefore, the macroscopic property can
be clarified by summing over those obtained microscopic results. The basic point here is the fact that the
macroscopic property varies depending on some position-dependent microscopic physical quantity inside
the material. Actually, the macroscopic property obtained like this, in the FG modeling, is independent of
not only whether the microscopic quantity has a directional degree of freedom but also the detailed
information of its physical process. This is the reason for why FG modeling technique is considered to be
implemented easily in many models for physical phenomena.

LCE under electric field
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