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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING (DEEI)
EGM 1182: STRUCTURES AND PROPERTIES OF MATERIAL
FINAL EXAMINATIONS: APRIL 2019 SESSION

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

Question 1
(a) The cladding (outside layers) of the United State quarter coin consists of an alloy of 75 wt%

copper and 25 wt% nickel. What are the atomic percent Cu and atomic percent Ni contents of
this material? Assume the gram-mole for Cu is 63.54 g/mol and Ni is 58.69 g/mol.

(2 marks)
(b) Briefly describe the following types of secondary bonding:
(i) Fluctuating dipole,
(i1) Permanent dipole and
(iii)Interionic forces for an ion pair
(9 marks)

(c) Calculate the coulombic attractive force between a pair of Na* and CI ions that just touch
each other. Assume the ionic radius of the Na* ion to be 0.095 nm and that of the CI ion to be
0.181 nm. Briefly explain the repulse force and determine its magnitude in this case.

(9 marks)

(d) Sketch and explain the atomic arrangement for solid and liquid.

(5 marks)
Question 2

(a) What are the two (2) main items of information that could be obtained from the Periodic
Table of Elements?
(2 marks)

(b) Determine the Miller indices for the planes in the cubic unit cell shown in Figure 1 intersects
the coordinates (1 1/4 0), (1 1 1/2), (3/4 1 1/4).

z

Drigin for position
:oordinates

(8 marks)
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(c) Copper has an FCC crystal structure and an atomic radius of 0.1278 nm. Assuming the
atoms to be hard spheres which touch each other along the face diagonals of the FCC unit cell.
Calculate a theoretical value for the density of copper in megagrams per cubic meter. The
atomic mass of copper is 63.54 g/mol.

(9 marks)
(d) Describe and illustrate the solidification process of a pure metal crystal.

(6 marks)
Question 3
(a) Explain point defects formation during solidification.

(6 marks)

(b) Calculate the radius of the largest interstitial void in the FCC y iron lattice. The atomic
radius of the iron atom in this lattice is 0.129 nm, and the largest interstitial voids occur at the
position of (1/2 0 0); (0 1/2 0); (0 0 1/2), etc.

(7 marks)
(c) Define the following terms related to the mechanical behavior of materials
(i) Endurance limits,
(ii) Fatigue strength,
(iii) Engineering stress and its SI unit,
(iv) Engineering strain and its SI unit.
(8 marks)

(d) Calculate the engineering stress in SI units on a 15-cm long bar with a cross section of 4.25
mm % 12.0 mm and subjected to a load of 5000 kg.

(4 marks)
Question 4
(a) What are the characteristics of a fracture surface in a ductile metal? (3 marks)
(b) What are the characteristics of a fracture surface in a brittle metal? (3 marks)
(c) What is metal creep? (3 marks)

(d) Make phase analysis of the equilibrium solidification of lead-tin alloys at the following
points in the lead-tin phase diagram as shown in Figure 2.
(i) At the eutectic composition just below 183°C (eutectic temperature).
(ii) The point ¢ at 40% Sn and 230°C.
(iii) The point d at 40% Sn and 180 °C + AT.
(iv) The e at 40% Sn and 183 °C - AT.
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Figure 2
(16 marks)

Question 5

(a) Distinguish between natural aging and artificial aging for a precipitation metal hardening
(4 marks)

(b) If a particular type of polyethylene has a molecule mass of 150000 g/mol, what is its degree
of polymerization (DP) ?
(5 marks)

(c) Distinguish between a homopolymer and a copolymer.
(2 marks)

(d) Hlustrate the following types of copolymers by using filled and open circles for their
polymers:
(i) random,
(ii) alternating,
(ii1) block,and
(iv) graft.
(8 marks)
(e) List 6 mechanical properties of ceramic materials? '
(6 marks)
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Question 6

(a) A wire whose diameter is 0.2 cm must carry a 20 A current. The maximum power
dissipation along the wire is 4W/m. Calculate the minimum allowable conductivity of the wire
in Q-m! for this application.

(5 marks)
(b) Write equations for the
(i) Macroscopic and
(ii) Microscopic forms of Ohm’s law.
Define the symbols in each of the equations and indicate their SI units.
(6 marks)

(c) A Phosphorus-doped silicon wafer has an electrical resistivity of 8.33 x10° Q-m at 27°C.
Assume mobilities of charge carriers to be the constants 0.135 m*/(V-s) for electrons and 0.048
m?/(V-s) for holes. What is the majority carrier concentration if complete ionization is

assumed?
(5 marks)

(d) Twenty-cm-long rod with a diameter of 0.250 c¢m is loaded with a 5000 N weight. If the
diameter decreases to 0.210cm, determine:
(i) The engineering strain at this load and

(ii) The modulus of elasticity.
(9 marks)

--THE END—
EGM 1182(F)aprli9/richard
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