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Modern materials and products 

What is a thermo-ceramic? 

How does photochromic glass work? 

How can we generate electricity from sunlight?

How do LCDs work?  

What is the blue glow on a wristwatch and how is it produced? 
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Thermo-ceramics are very advanced ceramic materials with properties 
that make them particularly useful in some specialist engineering solutions.  

The internal structure of thermo-ceramics makes them: 

Application: Used where there is a need for stability and strength at high  
temperatures 

What would be a suitable application for this material? 

Extremely hard 
Very stable at high temperatures
High mechanical strength 



...RESISTANT MATERIALS 

Thermo-ceramics 

A LEVEL
Theory

AS

DT



...RESISTANT MATERIALS 

Thermo-ceramics 

A LEVEL
Theory

AS

DT

Advanced ceramics, such as Alumina, Silicon Nitride and Aluminium Nitride are 
currently being used to manufacture critical aerospace components, because 
they have several advantageous physical properties. 

These inorganic, non-metallic materials retain dimensional stability through a 
range of high temperatures and exhibit very high mechanical strength. 

They also demonstrate excellent chemical resistance and stiffness-to-weight 
ratio, thereby providing manufacturers with the ability to design components 
that offer optimal performance in their intended application.
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Produced by:  

Combining ceramic + metallic powders by sintering (making objects from powder)  

Powders are heated 

Placed in a die 

Subjected to very high pressure 

Until particles bond together 
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Disadvantages 

Can be brittle 
Can break if dropped 
Imperfections can lead to breaking or cracking
Cost is significantly higher than traditional materials  
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What is it? 

Glass that automatically darkens when exposed to ultraviolet light

then reverts back when the light source is removed or reduced  
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The glass is impregnated with minute particles of micro crystalline silver halides  
(usually silver chloride) 

The same light sensitive chemical is 
used in photographic paper (where 
the silver halide reacts with the light 
and an image appears on the paper) 

But it is fixed with chemicals 

In the glass the silver halide is 
encapsulated and sealed within the 
glass so the process is reversible 

How does it work? 
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A photochromic eyeglass 
lens after exposure to 
sunlight with part of the 
lens covered by paper. 

Note the two levels of 
coloration around the 
dark-light interface, 
arising from the fact that 
the photochromic
molecules are located in 
two thin films (on the 
front and back surfaces of 
the lens)

Degree of darkening depends on thickness of glass
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Why do they only work 
outside? 

Room light does not 
contain the UV light 
found outdoors  (short 
wavelength light) 
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Who are they better for? 

Beacuse photochromic compounds fade back to their clear state by a 
thermal process – ‘temperature dependency’ 
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Otherwise known as....

Photovoltaic cells 

Traditionally used in....

Until recently have been regarded as too 
uneconomical for large scale use on Earth. 

However, with other sources of generating 
electricity diminishing. 

They are now being developed as a suitable 
alternative. 
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How do they work? 

Constructed from thin layers of silicon

These layers have had various impurities added  

When exposed to light 

One layer becomes electron rich whilst 

One layer becomes electron deficient 

The movement of electrons (electron flow) generates a 
voltage between the two layers

Contacts applied to the layers capture this voltage –
but the voltage is very small so many cells are needed

Video  
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Light comes in from the sun and hits the Solar Panel. 
The Solar Panel is made up of many Solar Cells which 
now absorb the sunlight. Inside the Solar Cell we find 
two different semiconducting layers: the p-type and the 
n-type. The p-type has an abundance of electrons and 
the n-type has few electrons.

The incoming sunlight knocks off a few negatively-
charged electrons from atoms in the electron-heavy p-
type material. These energized electrons flow through 
the electron-barren n-type material.

This constant one-way flow of electrons creates a 
Direct Current. The energized electrons flow through a 
circuit, are made to do electrical work charging 
batteries or powering light bulbs, and are sent back into 
the p-type to be energized again.
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Photovoltaic production has been doubling each two 
years since 2002 

How could we use then?
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What would happen if you put 2 lenses on top of each other, with the direction 
of the polarisation going in different ways?



...RESISTANT MATERIALS 

Liquid Crystals 

A LEVEL
Theory

AS

DT

Liquid crystals can be made into a polarised lens.
If you put electricity through them they all line up in one direction.

What would the effect be of putting electricity through these crystals 
below.

Liquid 
Crystals

Polarised lens

Liquid crystals can be made into a polarised lens.
If you put electricity through them they all line up in one direction.

What would the effect be of putting electricity through these crystals 
below.

Liquid 
Crystals
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This is how LCD watches work.
However, they do not have a light at the back.  So how do they work?
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In wrist watches: 

A LCD has a pattern of displaying numbers via 
a 7 segment display 

Conducting electrodes are arranged in a pattern 
which is capable of displaying numbers

So how does it work? 

The numbers appear by voltage being applied to certain 
segments which go dark (silver – like the background)
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Liquid crystals are organic, carbon-based 
compounds that can exhibit liquid and 
solid characteristics. 

What makes the liquid crystals change state? 

Electricity or more specifically voltage 

When a cell containing liquid crystal has a voltage applied, and on which light 
falls,  it appears to go dark. 

Due to the molecular arrangement
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How does LCD make a colour picture?
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COLOUR LCD TVs
How does LCD make a colour picture?
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Why so popular? & what makes them suitable
for watches?  

Very small amounts of current are needed, 
So this makes them suitable for portable or 
battery operated devices

Such as.... 

What is different from the LCD in a wrist watch? 

Each pixel, as opposed to segment, is divided up into 3 sub pixels -
colours

By controlling the voltage the intensity of each sub pixel has 256 
colours  (256x256x256= full range of colours) 

How many 
pixels?
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Now LCDs are a cutting edge technology

What are the disadvantages to LCDs?

Viewing angle is not the same as traditional TVs
Images can be inferior to cathode ray tubes 
Burn in of static images 
Increased brightness over plasmas 

What is the alternative to LCDs?
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MAKE NOTES:

Polarised lens
Liquid Crystals

Colour Filter

Backlight

Keywords

•Polarised lens
•Polarised light
•Liquid Crystals
•Pixel
•Colour filter
•Backlight



...RESISTANT MATERIALS 
A LEVEL

Theory

AS

DT

POLARISED LENSES.
How do they make 3D films?
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Where have you seen this? 
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How does it work? 

EL lighting converts electrical energy into light

An organic phosphor is sandwiched between two conductors 
and a current is applied 

Phosphor crystals are charged and emit radiation in the form of light

Main advantage: very low power consumption 

Key points: very thin, waterproof, highly visible and extremely reliable 

Main disadvantage: organic phosphor has a limited life span 
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Thermo- ceramics Extremely hard + very stable at high temps 

Photochromic Glass Glass impregnated with particles of silver halide
Encapsulated so process of reacting to light is 
reversible  

Solar panels Photovoltaic cells 
Layers of silicon with impurities 
Layers become electron rich/deficient – creating V  

LCDs Liquid Crystal – change from liquid to crystal 
Goes dark with voltage 
Colour LCD – subpixel (red/blue/green)
Intensity is varied with voltage 

EL lighting Phosphor sandwiched between electrodes 
Current charges crystals which emit light radiation 
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WHAT IS A 

SMART 
MATERIAL?
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Smart 
materials are 
materials that 
have one or 
more 
properties 
that can be 
significantly 
changed in a 
controlled 
fashion
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Outline how (EL) electroluminescent 
lighting works (4) 

What makes it suitable for this 
application? (4) 
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Describe how this LCD TV works? (4)  
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Describe how a solar cell works? (4)  

Evaluate this as a method of producing 
electricity (8) 




