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Liquid crystals are optically anisotropic materials that have become the cornerstone of
many optical devices, most notably the Liquid Crystal Display (LCD). Despite an absence
of explicit solutions to light propagation within a liquid crystal, their availability and
ability to manipulate light makes them attractive candidates for Transformation Optics
(TO), where now classical work has been able to produce cloaks, lensing, and optical
black holes by employing metamaterials. Liquid crystals are fundamentally different to
metamaterials, however, as their ability to manipulate light lies within their birefringence,
whilst metamaterials employ (effectively) negative index materials.

Within this work we consider a geometric optics framework for describing the propagation
of extraordinary waves within a nematic liquid crystal, and consider two classical examples
from Transformation Optics: cloaking and lensing. The problems can be interpreted as
optimal control problems for a family of light rays, where our control parameter is a
unit vector field representing the liquid crystalline order, and the light rays satisfy ODEs
related to a Fermat principle. The compositional nature of the dependence of the ODEs
on the control parameter makes neural networks an ideal function space for our problem,
and we implement the problem within a PINNs framework. Owing to an unfortunate lack
of theory to ensure our PINNs solutions are accurate, we later verify that the obtained
control produces the desired behaviour via classical numerical techniques.
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