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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI)
EGM 1182: STRUCTURES AND PROPERTIES OF MATERIALS
FINAL EXAMINATION: JANUARY 2012 SESSION

Instructions: This paper consists of SIX (6) questions. Answer any Four (4) questions in the
answer booklet provided. All questions carry equal marks.

Question 1

(a) A gold wire is 0.70 mm in diameter and 8.0 cm in length. How many atoms does it contain?
The density of gold is 19.3 glem’.

(5 marks)
(b) Write the electron configuration of the following ions by using spdf notation:

(i) Cr
Gy  Crr'
Giy  Crt

(6 marks)

(c) Describe the ionic bonding process between a pair of Na and Cl atoms. Which electrons are
involved in the bonding process?

(5 marks)
(a) Draw in unit cubes the crystal planes that have the following Miller indices:
)  (102)
() (32D
(i) (111) (9 marks)
Question 2

(a) Calculate the linear atomic density in atoms per millimeter for the following directions in
FCC iridium, which has a lattice constant of 0.38389 nm:
(1) [100],
(77) [110],
@y [111L
(9 marks)

(b) When a cold-worked metal is heated into the temperature range where recovery takes place,
how are the following affected:

(7) strength,

(#7) ductility, and

(iif) hardness? (6 marks)

(c) Draw a typical creep curve for a metal under constant load and at a relatively high
temperature, and indicate on it all three stages of creep.

(6 marks)
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(d) What are the ceramic materiais? List two importance properties of ceramic material that
make them indispensible for many engineering design.

(4 marks)
Question 3

(a) Define a thermoplastic polymer.
(4 marks)

(b) How does the amount of crystallinity in a thermoplastic affect (i) its density and (ii) its
tensile strength? Explain.

(6 marks)

(c) If a particular type of polyvinyl chloride (PVC) has a molecular mass of 250,000 g/mol,
what is the degree of polymerization (DP)? Given the repeating chemical structural unit
-[CH,-CHCl-],- (4 marks)

(d) Given the resistivity of copper at 0°C is 1.67x107°Q.cm and its temperature resistivity
coefficient is 0.0068 (°C)", Calculate the electrical conductivity of pure copper at
(i) 400°C
(ii) -100°C
Comment on your results obtained in terms of effect of temperature on conductivity of copper.
(11 marks)

Question 4

(a) A copper wire is 3mm in diameter and 2m long. The electrical conductivity of copper is 6.0
x 107 (Q.m)"‘.

1 Compute the resistance of copper wire?
(i)  What would be the current flow if the potential drop across the ends of the wire
is 0.05V?

(iii) ~ What is the current density?
(iv)  What is the magnitude of the electric field across the ends of wire? (10 marks)

(b) Describe briefly the following terms as pertaining to semiconducting materials:
@) Acceptor level
(i) Donor level (6 marks)
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(¢) Consider an alloy containing 70 wt % Ni and 30 wt % Cu (Figure 4d). At 1350°C make a
phase analysis assuming equilibrium conditions. In the phase analysis include the following:

(i) What phases are present?

(i) What is the chemical composition of each phase?

(iii)  What amount of each phase is present?

(9 marks)
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Question 5
(a) Define the following terms
(1) Edge dislocation
(i)  Equiaxed grains
(iii)  Columnar grains
(6 marks)

(b) A steel tensile test specimen has a cross sectional area of 200 mm” and a gauge length of
50mm, the gradient of the elastic section is 510 x 10°> N/mm. Determine the modulus of
elasticity.

(3 marks)
(c) A metal bar 500mm long and is stretched to 505 mm with a force of 50 kN. The diameter of
the bar is 10 mm.

(i) Calculate the Engineering stress and strain.

(ii) The material has remained within the elastic limit. Determine modulus of elasticity
of the steel.

(6 marks)

(d) Aluminium exhibits the FCC structure. Its density is 2.70 glem®.

(i) How many aluminium atoms are there in 1 cm’ of aluminium?
(i) What is the distance (in meter) between the centers of nearest atoms in
aluminium?

(ili) ~ What is the radius (in meter) of the largest interstitial atom which can fit into
aluminium without bulging?

(10 marks)
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Question 6
(a) Define what is glass. And explain why tempered glass has a higher strength and  resistance

to impact the annealed glass.
(6 marks)

(b) A copolymer consists of 70 wt % polystyrene and 30 wt % polyacrylonitrile. Calculate the
mole fraction of each component in this material.

The structural formulae for polystyrene and polyacrylonitrile are shown below in Figure

6b.
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Figure 6b

(11 marks)
(c) Explain the following terms obtained from fatigue testing of materials:

@) Endurance limits (4 marks)
(i)  Surface of fatigue failure (4 marks)

--THE END—
EGM 1182(F)Jan 12/CL PHUA/20/2/12/Rev 2
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