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Start-up

Task 1

Discuss the following questions:

1. What do ceramics and metals have in common?

2. Why are glasses important engineering materials?

3. Can you think of a very recent application of glasses in communication?

Reading: Passage A

Optical Fibers – Introducing Glasses

Figure 1: Instances of glass

DESPITE THEIR MANY DIFFERENCES, metals and ceramics share an essential property.  Both 

types of materials are crystalline, that is, their atoms are stacked in regular and repeating patterns.  

Glasses, on the other hand, despite having chemical compositions similar to those of ceramics, are 
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amorphous; in other words, they lack a regular and periodic arrangement of atoms in their structure.  

Among the most common glasses are silicates; ordinary window glass is approximately 72% silica by 

weight, with the balance of the material being primarily sodium oxide (Na2O) and calcium oxide (CaO).  

Although glasses share the drawback of brittleness with ceramics, they are important engineering 

materials due to their ability to transmit light and to their chemical inertness.

Figure 2: Optical fibers

MOREOVER, HIGH-PURITY silica glass, known as optical fibers, has revolutionized communication 

technology giving rise to the fiber optics industry.  Optical fibers have largely replaced metal cables in 

data transmission due to their immense data capacity, reduced size, and low cost.  The message, a 

telephone call, or any form of digital data is transmitted in the form of photons rather than electrical 

signals.
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Reading: Passage B

Task 2

Before reading the text, match the items in columns A and B:

1. Glasses a. It is a hydrocarbon molecule.

2. Nylon b. They are chemically inert.

3. ‘Mer’ in a polymer c. One of a set of toothed wheels that work together 

to alter the relation between the speed of a driving 

mechanism (such as the engine of a vehicle or the 

crank of a bicycle) and the speed of the driven 

parts (the wheels).

4. Acrylics d. A part of an axle or shaft bent out at right angles, 

for converting reciprocal to circular motion and 

vice versa. 

5. Polyethylene e. They are highly formable.

6. Gear f. It is a popular alternative to silk.

7. Bearing g. It is a common popular plastic.

8. Plastics h. They contain oxygen.
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Introducing polymers

Figure 3:  A polymer chain

POLYMERS ARE ORGANIC MATERIALS, which consist of long-chain molecules that mostly 

comprise carbon and hydrogen atoms.  For instance, polyethylene, which is the most common commercial 

polymer, is a long chain of hydrocarbon molecules of the form (C2H4)n with n ranging from 100 to 1000.  

Carbon atoms can also be linked to other non-metallic elements such as oxygen, nitrogen, fluorine, and 

silicon, giving rise to acrylics, nylon, fluoroplastics, and silicones.

Polymers, also known as plastics, are characterized by extensive formability due to the loose structure 

of their molecular chains.  As a result, they are characterized by low strength and stiffness, unlike 

metals and ceramics.  Nevertheless, their strength to weight ratio is very good.  Additionally, they are 

poor conductors of heat and electricity, which has opened the way for their use in electrical insulative 

applications, as in the manufacturing of digital video disks.  Furthermore, polymers are chemically inert 

and unreactive to most corrosive environments.  That has given rise to a wide range of polymer-coating 

materials which are used to protect against corrosion, thermal shock, aggressive chemical environments, 

and abrasion.
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Start-Up 

Task 1

Discuss the following question:

Can you name some mechanical properties of metals?

READING A

Task 2

Before reading the text, match these words with their definitions:

1. Stress a. It is the stress that acts to lengthen a body.

2. Sample cross-section b. It refers to the region near the center of the 

specimen’s length.

3. Tension c. It is defined as the amount of deformation an object 

experiences compared to its original size and shape.

4. Fracture d. It is fully recovered when the load is removed.

5. Strain e. In this, a sample is subjected to a controlled tension 

until failure.

6. Elastic deformation f. It is the area which experiences the largest stress 

concentration.

7. Tensile test g. It is a form of failure where the material separates 

in pieces due to stress at temperatures below the 

melting point.

8. Gage length h. It is the force applied per unit area.
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Mechanical Behavior

PERHAPS THE TWO MOST IMPORTANT questions that a materials science engineer would pose 

with regard to a structural material would be “How strong is it?” and “How much deformation should 

I expect given a certain load?”

To answer these questions, he has to perform a tensile test or simply a pull test.  

Figure 1: A testing apparatus for tensile tests

In such a test, we use a testing apparatus with two grips which applies a uniaxial tensile force to a metal 

specimen and pulls it to failure at a constant rate.  The force on the specimen being tested is measured 

by a load cell, while an extensometer is used to measure the specimen’s elongation.  A force-versus-

elongation curve is the immediate result of such a test.  A more general statement about material 

characteristics is obtained by normalizing the data of Figure 2 for specimen geometry.  
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Figure 2: Load vs. elongation curve obtained in a tensile test

The resulting stress-versus-strain curve is given in Figure 3.  
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Figure 3: Stress vs. strain curve obtained by normalizing the data for specimen geometry

Stress is calculated at any point if we divide the amount of the force applied to the specimen by its cross-

sectional area.  The sample cross-section is the region in the middle of the specimen which tends to be 

thinner than in the ends and experiences the greatest amount of tension.  The strain produced by the 

applied force is manifested as the difference in length between the original length of the sample and the 

final length after the force has been applied. More specifically, the equation for stress is σ=Ρ/Α0 where P 

is the load applied and Α0 the cross-sectional area, while the equation for engineering strain is defined as 

ε= l-l0/l0= Δl/l0 where Δl is the difference in length which has been created after the application of a load.


