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Outline: Applications

• Optical materials

• Description of some application examples: Plastic optical fiber



I. Optical materials

These optical devices can be fabricated on the flat surface of 
materials such as:
- silica, 
- silicon, 
- semiconductor crystal, or 
- plastic



Refractive index-reminder



Optical materials-equation

• The optical properties of a material can be completely described by 
its complex, wavelength - dependent index of refraction, n ′ ( λ ):  

n ′(λ ) = n(λ ) + iκ  (where i ^2 = 1).

• The real part, n ( λ ), determines how light rays are refracted when

they cross an interface between two materials.

• The imaginary part of the refractive index, κ ( λ ), is the extinction 
coefficient and describes absorption losses inside the material. Its 
wavelength dependence is represented by the material ’ s absorption 
spectrum



• Optical materials like glass or quartz usually show what is 
called “normal ” dispersion, which means that 

• Blue light has a higher refractive index than red light, 
and its 

• angle of refraction is larger

• Optical glass usually does not transmit ultraviolet light 
with wavelengths below about 320 nm

• Chalcogenide glass – mid IR devices

• As can be seen from the chart, this type of glass is 
perfectly transparent over the entire visible spectrum, 
from about 400 nm to about 800 nm, and also far into the 
infrared spectrum.

https://www.comsol.com/model/beam-splitter-14691

Typical internal transmittance (10 mm thickness)
of an optical glass.

Typical internal transmittance (10 mm thickness) of
an optical quartz glass for ultraviolet optics.

https://www.comsol.com/model/beam-splitter-14691




Materials with negative refractive index
• Negative-index metamaterial or negative-index material (NIM) is 

a metamaterial whose refractive index for an electromagnetic wave has a 
negative value over some frequency range.

• Negative refraction is the name for an electromagnetic phenomenon 
where light rays are refracted at an interface in the reverse sense to that normally 
expected. 

• Such an effect can be obtained using a metamaterial which has been designed to 
achieve a negative value for both (electric) permittivity ε and 
(magnetic) permeability μ, as in such cases the material can be assigned a 
negative refractive index. Such materials are sometimes called "double negative" 
materials.[1]

• “Metamaterials” may be described roughly as materials with a man-made 
structure on the scale of nanometers which gives them unusual optical properties 
not to be found in nature. Question: Suppose you have constructed a piece of 
metamaterial of “everyday” size. What does it ‘look’ like to the unaided human 
eye?

• metamaterials have the potential to produce interesting visual effects —
including, possibly, invisibility!

https://www.sciencedirect.com/science/article/pii/S1369702106715735

https://en.wikipedia.org/wiki/Metamaterial
https://en.wikipedia.org/wiki/Refractive_index
https://en.wikipedia.org/wiki/Electromagnetic_wave
https://en.wikipedia.org/wiki/Frequency
https://en.wikipedia.org/wiki/Electromagnetism
https://en.wikipedia.org/wiki/Light
https://en.wikipedia.org/wiki/Ray_(optics)
https://en.wikipedia.org/wiki/Refraction
https://en.wikipedia.org/wiki/Interface_(chemistry)
https://en.wikipedia.org/wiki/Metamaterial
https://en.wikipedia.org/wiki/Negative_number
https://en.wikipedia.org/wiki/Permittivity
https://en.wikipedia.org/wiki/Permeability_(electromagnetism)
https://en.wikipedia.org/wiki/Refractive_index
https://en.wikipedia.org/wiki/Negative_refraction#cite_note-slyusarmeta-1
https://skullsinthestars.com/2008/08/13/the-cloaking-craze-a-look-at-the-original-papers/
https://www.sciencedirect.com/science/article/pii/S1369702106715735


Electromagnetic “magic” of metamaterials











Essay example: Metamaterials and the Science of 
Invisibility — Prof. John Pendry

https://www.youtube.com/watch?v=f0iZraLdNuM
https://www.sciencedirect.com/science/article/pii

/S1631070509000243

Making objects invisible is no longer the stuff of fantasy but a fast-evolving science.

metamaterials—engineered materials that can bend rays of light around an object to make it undetectable

BUT
https://phys.org/news/2019-04-route-invisibility-metamaterials.html

https://www.youtube.com/watch?v=f0iZraLdNuM
https://www.sciencedirect.com/science/article/pii/S1631070509000243
https://phys.org/news/2019-04-route-invisibility-metamaterials.html


Other essay 
titles

• Active devices and applications in sensing –
review and recent perspectives

• Passive vs Active Sensors 

Example Passive and active sensors in Remote 
Sensing https://gisgeography.com/passive-active-sensors-remote-sensing/

• Peixoto, A.C.; Silva, A.F. (2017). "Smart devices: 
Micro- and nanosensors". Bioinspired Materials 
for Medical Applications. Braga, Portugal: 
Elsevier Ltd. pp. 297–329. ISBN 978-0-08-
100741-9. "section 11.4.6 Optical 
sensors", ScienceDirect

https://www.sciencedirect.com/science/article/pii/B97803233
90408000092

Applied Plastics Engineering Handbook

https://gisgeography.com/passive-active-sensors-remote-sensing/
https://en.wikipedia.org/wiki/ISBN_(identifier)
https://en.wikipedia.org/wiki/Special:BookSources/978-0-08-100741-9
https://www.sciencedirect.com/topics/chemistry/optical-sensor
https://en.wikipedia.org/wiki/ScienceDirect
https://www.sciencedirect.com/science/article/pii/B9780323390408000092
https://www.sciencedirect.com/science/book/9780323390408




http://faculty.washington.edu/goussiou/486_W15/Harvey_NIM.pdf

http://faculty.washington.edu/goussiou/486_W15/Harvey_NIM.pdf


-Automation for home

II.B PLATICS
Application: POF – plastic optical fiber



We define the coupling efficiency q as the fraction of source

power that is coupled into the fiber

Pf is the power in the fiber and Ps, is the total power emitted by the source

The manufacturer specifies the optical power from the source in the pigtail and has 

optimized the coupling into the fiber. Typical optical powers coupled into the pigtail range 

from microwatts to a few milliwatts.

Source to fiber coupling



Coupling losses



The spatial emission pattern from the source plays a key role in determining the value 

of light coupling efficiency

Generally, this pattern is two-dimensional and asymmetric for the edge-emitting LED 

and laser diode. The surface-emitting LED is symmetric in output.

Lambertian

Coupling model

Rs- radius of the emitter surface
G- refractive index profile parameter

John Power – Optical Comm Syst



Fresnel reflection



Essay example: Applications with POF in lighting technology





POF in Automation

Essay example: Applications with POF in automotive



Digital devices in automobiles - evolution











































Active POF-scintillating fibers
Flexibility to conform to the surface shape, 
yielding geometries superior to those of other 
types of detectors. Examples are detectors for 
monitoring pipes or barrels.

Saint-Gobain Crystals manufactures a variety of plastic scintillating, wavelength-shifting 
and light-transmitting fibers used for research and industry. 

Neutron imaging 
Particle discrimination 
Calorimeters 
Cosmic ray telescopes 
Real-time imaging systems 
Flow cells 
Tracking detectors 



Active POF-scintillating fibers types



Conclusions

• Refractive index and new materials 

• Metamaterials

• Plastics
• POF fibers evolution

• POF applications

• POF types – active and passive


