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INTI INTERNATIONAL COLLEGE PENANG

DIPLOMA. IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME {DEEI)
EGM 1182: STRUCTURES AND PROPERTIES OF MATERIAL
FINAL EXAMINATION: JANUARY 2017 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) Sterling silver contains 92.5 wt% of silver and 7.5 wt % copper. Copper is added to silver
to make the metal stronger and more durable. A stall silver spoon has a mass of 80 g. Calculate
the number of copper and silver atoms in the spoon. (Va = 6.022x10%%)

(4 marks)
(b) Write the electron configurations of the following ions using spdf notation:
(i) Se* :
(i) Se®*
(iii) Se?” (6 marks)

{¢) Calculate the volume in cubic nanometers of a umit cell of titanium crystal structure.
Titanium is FHCP at 20°C with @ = 0.29504 nm and ¢ = 0.46833 nm.

(4 marks)
(d) Briefly explain the following terms related to solidification of metals.
(i) Homogeneous nucleation
(3 marks)
(i) Heterogencous nucleation
(3 marks)
(iii) Embryos
(3 maiks)
(iv) Grain
(2 marks)
Question 2

(a) A tensile specimen of aluminum alloy is tested to fracture. At the fracture point, it has an
engineering stress of 180 MPa and engineering strain of 34%. Calculate

(i) the true stress a fracture, and (7 marks)

(ii) the true strain at fracture. (3 marks)

(b) Briefly explain the foowing terms related to diffusion in solid.
(i)  Substitutional diffusion ' ' (3 marks)
(iiy  Self-diffusion - (2 marks)
(iii)  Imterstitial diffusion - (2 marks)
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(c) Calculate the center to center separation distance (or lattice constant) of two Fe atoms along
[1 0 0] direction in an unstressed o, — iron. Given the radius of an iron atom is 0.124 nm.
Subsequently determine the separation distance of two atoms along the same direction
under a tensile stress of 1000 MPa. Given the modulus of elasticity of @ - iron as 125 GPa.

- (8 marks)

Question 3

(a) A fatigue test is made with maximwm stress of 172 MPa and a minimum stress of —27.6 MPa.
Calculate
(1) the stress amplitude,
(i) the mean stress.

(4 marks)

(b) If 500 g of a 40 wt % Ag — 60 wt % Cu alloy is slowly cooled from 1000 °C to just below
779 °C. Refer to Figure Q3 to determine the following.

1) How many grams of liquid and proeutectic alpha are present at 850 °C?

(i)  How many grams of liquid and proeutectic alpha are present at 779 °C+ AT 7
(iii) How many grams of alpha are present in the eutectic structure at 779 °C —AT ?
(iv)  How many grams of beta are present in the eutectic structure at 779 °C —AT 7

(10 marks})
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(c) Briefly explain the following terms that relate to an iron carbide metal.
(i) Eutectoid cementite
(ii) Pearlite
(8 marks)

{d) A high molecular weight polyethylene —C>Hals—has an average molecular weight of
410,000 g/mol. What is its average degree of polymerization?
' (3 marks)

Question 4

(a) Calculate the density in grams per cubic centimeter of ZrOs, which has the CakF crystal
structure shown in Figure Q4. Tonic radii are Zi** = 0.087 nm and O* = 0.132 nm. (Na =
6.022x10%%)

(9 marks)
(b} Briefly explain the following terms related to electrical properties of materials.
(1) n-type extrinsic semiconductor
(3 marks)
(i)  Hole
(2 marks)

(c) Calculate electrical resistance of an iron rod with 0.720-cm _diameter and 0.850-m long
at 20°C. [electrical resistvity p(at 20°C) = 10.0 x 107¢ Q.cm.]
(4 marks)

(d) A current density of 100,000 A/cm? is applied to a 50 m long gold. A resistance of 2 Q is
measured along the wire. Calculate diameter of the wire and the voltage imposed on the
wire. Given the conductivity of gold is 4.26 x 10° (Qem)™.

' (7 marks)
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Guestion 5

(a) The monomer of a typical acrylic polymer , polymethyl methacrylate, is shown below

H CH;
b
C=C
|
H (|3“~——"O
1
CHs

Calculate the molecular weight of the polymethy] methacrylate molecule with degree of
polymerization, n = 500. '
(4 marks)

(b) Sketch planes {22 0), (31 1) and (4 0 0) in a cubic unit cell with appropriate axes and
intercepts labeling. (To avoid confusion, use a separate sketch for each plane)

(9 marks)

(c) Briefly explain the following terms;
(i) Atomic packing factor (3 marks)
(ii) Cold working (3 marks)
(iii) Permanent deformation - (3 marks)

(d) The following two data points are provided for a titanium alloy.

No £ o (MPa)
1 0.002778 300
0.005556 600

Calculate the modulus of elasticity E for this alloy.
' (3 marks)
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Question 6

(a) Determine the direction indices of A, B, C and D as shown in Figure Q6.

+z

. AT
307 11 1
-7 2’2 3
+x ’/
Figure (96
(8 marks)
(b) Briefly explain the following terms that relate to polymeric materials.
(1) plastics
(if) elastomers.
(8 marks)

(¢) Molybdenum (Mo) forms a substitutional solid solution with tungsten (W). Compute the

weight percent of molybdenum that must be added to tungsten to yield an alloy that contains

1.0 X 10?* Mo atoms per cubic centimeter. The densities of pure Mo and W are 10.22 and
19.30 g/em?, respectively. (Na = 6.022x10%)

(9 marks)

~-THE END—
EGM 1182(F) Jan 2017
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