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THE OPEN UNIVERSITY OF SRI LANKA -
FOUNDATION PROGRAMME IN TECHNOLOGY - LEVEL 02

FINAL EXAMINATION 2014/2015

CEX2312 - ENGINEERING PROPERTIES OF MATERIALS

Time allowed: 3 Hours

Date: 11th September 2015 Time: 9:30-12:30 hrs.

Note: The Periodic table is given on the last page for reference.
Answer any five (5) questions. All questions carry equal marks.

1.
(a) The gas equation can be given by the following form,

((P + I—/‘-’;)(V “b) = RT)

where P - Pressure, V - Volume, T - absolute temperature
i) State the difference between a unit and a dimension.
ii) List the SI units and dimensions for P and V.
iii) Determine the dimensions of constants a and b.

iv) If the absolute temperature (T) is measured in Kelvin, derive the units of the gas
constant R.

v) Discuss the main advantage of using the SI system of units.
(b) The volume of a small cylindrical object can be found by taking measurements of the
diameter d and height h of the cylinder using a vernier caliper. The observed readings

while measuring the diameter and height of the cylindrical object are given in figurelb (1)
and figure 1b (2) respectively.
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i)  Determine the least count of the given vernier caliper.

iiy Determine the diameter of the cylindrical object.

iii) Determine the height of the cylindrical object.

iv) Calculate the volume of the cylindrical object.

v) If the cylindrical object is made of aluminium (density = 2.7g/cm?3),

determine the mass of it.

2.
(a) Plastics have become the material of choice for varied applications.
i) List three uses of plastics.

i) Identify the properties that make plastic a suitable material for the uses selected
above.

iii) What are the properties of plastics that make them a possible threat to the
natural and human environment?

iv) Discuss what measures you would take to reduce the threat posed by plastics to
the environment.
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(b) A stress - strain graph for a certain metal wire, up to its breaking point is shown in

figure 2(b).

i) Referring to the structure and behaviour of the metal under a tensile force
explain the significance of each point A, B, C, D and E.

Stress

Figure 2(b)

> Strain

7

ii) Describe what happens when the wire is loaded up to a stress corresponding to

point X and then unloaded gradually.

iii) Up to what point can the wire be subjected to stress without causing fracture?

iv) What is the significance of the region DE in the graph?

3.

(a) The following table3(a) gives the first four ionization energies (in kJ/ mol) of a series
of elements from A to E (Letters are not the symbols of any element).

Element 1t E. 2nd [ E. 3] E. 4t ] E.

A 510 7300 11780 -

B 570 1815 2750 10800

C 1070 2360 4625 6430

D 490 4560 6925 9560

E 580 1142 4890 9450
Table 3(a)

i)  Why do successive ionization energies increase?

ii) Find the elements which are likely to form 1+ cations.

iii) Find the element which forms a 3+ cation.

CEX2312 -Engineering Properties of Materials - Final Examination 2014/2015
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iv) Which of the elements are expected to be in the same group?

v) How does the first ionization energy of the noble gases change with increasing
atomic number?

vi) State the reason behind the change that you mentioned in (v).

(b) Ineach of the following pairs of atoms/ions which is larger? Give reasons.
i) O and O* ii) Band F

iii)  Cu?" and Cu+ iv)  Fe?* and Ni?*

4.

(a) Figure 4(a) shows a cross section through a reinforced concrete beam. Beam is
supported at its ends and vertically loaded in the middle. Concrete beam is made
out of a mixture of cement, sand, broken stone in proportions of 1:2:4, together with
water. From the properties of concrete and steel;

i) Explain why a mixed proportion of 1:2:4 is selected.

ii) Identify the specific use of each constituent.

iii) State why wet concrete is compacted.

iv) Discuss an advantage and a disadvantage of using sea sand in the mix

v) Explain the purpose of the steel reinforcement rods.

vi) State the reason behind the placement of steel rods close to the bottom of the
beam.

A

Figure 4(a)

steel rods
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(b)  Silicon Carbide is a ceramic material of simple composition and structure. It is a
well known abrasive material.

i) Determine the electronic configuration of Si and C.
i) Describe its structure and bonding.

iif) Considering the bonding in Silicon carbide, explain its usage as an abrasive.

5.

(a) A titration experiment was carried out by a student, to find stoichiometry of the
reaction between HCl and Na>COs. Titration was performed by a 2.9929 g sample of
impure Sodium Carbonate dissolved in water and titrated to a methyl orange end
point with 0.4150 M HCI. If 33.75 ml of the acid is used for the reaction;

i) Describe the function of an acid base indicator.
ii) Write down the equilibrium equation for the above case.
iii) Determine the percent by mass of the sodium carbonate in the sample.

iv) Consider the titration experiment that you have performed in the laboratory.
What would happen and how would the results be affected by the following errors?

a) A few drops of acid are added after the indicator changes colour.
b) The acid is less concentrated than you thought.
c) You forget to add the indicator.

d) You don’t swirl the flask to mix its contents thoroughly.

(b) Sodium is a silvery grey metal. It has to be kept under oil because it reacts rapidly
with oxygen and water vapour in the air. Chlorine is a poisonous green gas. Sodium
chloride is a white, crystalline solid which we eat as table salt.

i) Explain how the sodium in sodium chloride differs from sodium metal.
if) Explain how the chlorine in sodium chloride differs from chorine gas.
iii)  Find the charge of the Sodium chloride crystal.

iv)  Explain why it readily dissolves in water.
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(@) As a metal, copper is used mainly by the electricity industry in the form of wires

either bare or insulated. Normally electric wiring consists of copper wire
surrounded by polyvinyl chloride. In a special type of electric wiring used in fire
alarm systems, a copper wire is surrounded by solid magnesium oxide to act as an
insulator, the whole wire being encased in a copper mesh covered with PVC.

i) State the electronic configuration of copper.
i) Describe the bonding in copper metal and hence explain how it conducts
electricity.

iii) ~ What type of bonding is present in PVC? Hence explain why it can be used as
an insulator.

iv)  Discuss the properties and characteristics found in PVC and its uses other
than cable covering.

V) Suggest a polymer, which can be used instead of PVC in cable covering.
vi)  What type of bonding is present in magnesium oxide? Why is it used as an
insulator even in fire alarm systems?
The Cathode Ray Tube led to the existence of electrons in an atom.

i) Explain how a beam of electrons can be produced in a vacuum tube; describe an
arrangement by which the beam may be deflected by a magnetic field.

ii) Describe the evidence, which confirms that cathode rays are comprised of
electrons.

7. Write brief answers to the following;

i) Conductivity of semi conductors increases with temperature, while the good
conductors decrease marginally with increase of temperature. Explain why.

ii) Describe the process of writing with chalk on a black board in terms of friction
and wear

iii) Ceramics and glasses are very brittle while metals are ductile’. Justify the above
statement considering the bonding in each material.

iv) Graphite is used in ‘lead pencils’. Briefly explain the reason behind the selection.

v) Crystals of sodium chloride and diamond both have transparent structures.
Using your knowledge of bonding and the structures of these two materials,
explain why one is hard, insoluble and a poor conductor of electricity, whereas
the other is soluble in water and conducts electricity under certain circumstances.
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