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N " ‘INTIINTERNATIONAL COLLEGE PENANG
BT OMA TN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI)

EGM 1182: STRUCTURES AND PROPERTIES OF MATERIAL
FINAL EXAMINATION: JAN 2015 SESSION

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

Question 1

(a) Briefly describe the following types of secondary bonding:
(1) fluctuating dipole, and '
(ii) permanent dipole. : o (5 marks)

(b) Write the electron configurations of the following elements and ion by using spdf
notation: '
(1) Yttrium,
(ii) Hafnium
(6 marks)

(¢) What is the chemical formula of an intermetallic compound that consists of 15.68 wt %
Mg and 84.32 wt % Al?
(8 marks)

(d) Describe the jonic bonding process between a pair of Na and Cl atoms. Which electrons
are involved in the bonding process?
(6 marks)

Question 2

(a) Cadmium at 20°C has a HCP structure with atoms of radius of 0.148 nm. Calculate the
volume of unit cell of cadmium. Assume that the atomic packing factor for HCP crystal
structure is 0.74 ‘

(5 marks)

(b) Assuming that all the valence electrons contribute to the current flow in copper (FFC
structure): )
(i) Calculate the mobility of an electron in copper
(ii} Calculate the average drift velocity for electrons in a 100cm copper wire when
10V are applied

Calculate the above with the given resistivity of cdpper_ at 0°C is 1.67x107° Quem , charge of

electron at 1.6x107° C, lattice constant for copper is 3.62 x 10% em.
: (7 marks)
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{c} From the relationship of length, @ and the atomic radius, R of a face-centered unit cell
 (FCC), caleulate the radius of an iridium atom. Given that Ir has a FCC erystal structure,

a volume density of 22.4 g/em’, and an atomic weight of 192.2 g/mol.
(5 marks)

(d) Calculate the electrical conductivity of pure copper at:
(ii1) 400°C
(iv) -100°C

Comment on your results obtained in terms of the effect of temperature on conductivity of
copper with the given resistivity of copper at 25°C is 1.67x10°Q.cm and its temperature

resistivity coefficient is 0.0068/°C.
(8 marks}

Question 3.

(a) Draw in unit cubes the crystal planes that have the following Miller indices:

() (321)

(i) (212)

(4 marks)

(b) Sketch the following direction vectors within a cubic unit cell.

@ 1]

Gi) [110]

(i) [121] (6 marks)

(¢) Describe and illustrate the following impérfections that can exist in crystal lattices:
(1) Frenkel imperfection, and
(i) Schottky imperfection. : (8 marks)

(d) Describe and illustrate with the aid of sketches, the solidification process of a pure metal
in terms of the nucleation and growth of crystals.

(7 marks)
Question 4

(a) Distinguish between homogeneous and heterogencous nucleation for the solidification of
a pure metal.

(4 marks)

(b) Describe edge-type dislocations and screw-type dislocations. What type of strain fields
surround both types of dislocations? Suitable diagrams can be used to assist vour
lustrations.

(9 marks)
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(¢} I£500 g of a 40 wt % Ag—60 wt % Cu alloy is slowly cooled from 1000°C to just below
780°C (refer to Figure 4 (a)):

(i) How many grams of liquid and proeutectic alpha are present at 850°C7

(i1) How many grams of liquid and proeutectic alpha are present at 780°C + AT ?

(iii) How many grams of alpha are present in the eutectic structure at 780°C - AT ?

(iv) How many grams of beta are present in the eutectic structure at 780°C - AT ?

Atomic percent silver

C 10 0 ) 40 SO 6 0 80 90
100 l r ) r o e

= 084,57

1000

7} §70
1600

900 ¢

4 14K
G0
-4 120K

400 - ; { ot { I ) [
Cua 4] 20 30 40 it ol} T

Weight pereent silves s
Figure 4 (a)

(12 marks)

Question 5

(a) Distinguish between traditional ceramic and engineering ceramic materials and for each
type of ceramic, gives TWO (2} examples.

{6 m_arks)

(b) For a ceramic compound, what are the two characteristics of the component ions that
determine the crystal structure?
{(4marks)
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(c) Refer to Figure 5 (a). Define the following phases that exist in the Fe-Fe;C phase

diagram:

(i) austenite,
(ii) o ferrite,
(iii) cementite,
(iv) & ferrite.

Composition (a1% C)
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g ; ; i
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| H i H i
A t . H i
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] i ?ement'rte (Fe3§)‘ — 1000
i ;
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{Fe) Comgposition (wi% C)
Figure 5 (a)
(12 marks)

(d) Write the Ohm’s law equations for the

(i) macroscopic form and
(i1) microscopic form.

Define the symbols in each of the ecﬁxaﬁons and indicate their ST units.

(3 marks)
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Question 6

(a) A 0.505-in.-diameter aluminum alloy test bar is subjected to a load of 25,000 1b. If the
diameter of the baris 0.490 in. at this load, determine
(1) the engineering stress and engineering strain and
(ii) the true stress and true strain.

(9 marks)
(b) Explain the difference between thermoplastic and thermosetting plastics.
(4 marks)
(¢) Sketch the mer structure for the following polymers:
(1) Polyethylene
(it) Polyvinyl fluoride
(4 marks)

(d) Explain, using an energy-band diagram, how electrons and electron holes are created in
pairs in intrinsic silicon.
(8marks)

-THE END—
EGHM 1182(F) Jan 15/PHUA CL/12/1/15
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