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Anisotropic Materials



Optically Active Materials

α = αS ⋅ d

Ligid crystals: 
- random positions 
- aligned orientations

• liquid crystal



Optically Active Materials - Liquid Crystal Display

Figure 17: Active-matrix liquid crystal display.

Figure 18: Temperature sensitive cholesteric liquid crystalline film. See the following link for more details:
http://www.prospectonellc.com/lcr.htm. “Reversible Temperature Indicating paints, slurries, labels,
Liquid Crystal Thermometers”.

upon temperature. Liquid crystals make it possible to accurately gauge temperature just by looking at
the color of the thermometer, see Fig. (18). By mixing di↵erent compounds, a device for practically any
temperature range can be built.

Optical Imaging

An application of liquid crystals that is only now being explored is optical imaging and recording. In this
technology, a liquid crystal cell is placed between two layers of photoconductor. Light is applied to the
photoconductor, which increases the material’s conductivity. This causes an electric field to develop in
the liquid crystal corresponding to the intensity of the light. The electric pattern can be transmitted by
an electrode, which enables the image to be recorded.

Polymer dispersed liquid crystals

PDLCs consist of liquid crystal droplets that are dispersed in a solid polymer matrix (see Fig. (19)). The
resulting material is a sort of “swiss cheese” polymer with liquid crystal droplets filling in the holes. These
tiny droplets (a few microns across for practical applications) are responsible for the unique behavior of
the material. By changing the orientation of the liquid crystal molecules with an electric field, it is
possible to vary the intensity of transmitted light.

Other Liquid Crystal Applications

Liquid crystals have a multitude of other uses. They are used for nondestructive mechanical testing of
materials under stress. This technique is also used for the visualization of RF (radio frequency) waves
in waveguides. They are used in medical applications where, for example, transient pressure transmitted
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Optically Active Materials



Optically Active Materials and Faraday Effect



Optically Active Materials - Circular Dichroism

Miles and Wallace, Chem. Soc. Rev. 45 (2016) 4859-4872



Electromagnetic Waves in Conducting Materials



Metals - Dielectric Function

Dielectric function of Gold



Metals - Lycurgus Cup

• 65 nm gold nanoparticles 
• Green light is reflected 
• Red light remains  

after scattering



Metals - Lycurgus Cup



Radiation and Scattering of Electromagnetic Waves



Dipole Radiation



Dipole Radiation

https://www.en.didaktik.physik.uni-muenchen.de/multimedia/dipolstrahlung/index.html



Rayleigh Scattering

Paris Spot light Chicago sunset 



Polarization of the Rayleigh Scattering

https://photosynthesis-in-nature.com/optics_polarization-sky.html


