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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 2013 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) Give the electron configurations for the AP**ion and atom of oxygen. (4 marks)
(b) Calculate the radius of an iridium atom, given that Ir has an FCC crystal structure, a density of

224 g/cm3, and an atomic weight of 192.2 g/mol.
(4 marks)

(c) Derive planar density expressions for FCC (100) and (111) planes in terms of the atomic
radius R. (8 marks)

(d) What is the difference between crystal structure and amorphous structure? And distinguish
between elastic and plastic deformation of metal. (9 marks)

Question 2

(a) What is the composition, in weight percent, of an alloy that consists of 6 atomic % Pb and 94
atomic % Sn?

(4 marks)

(b) In your own words and with the information from Figure Q2, briefly describe the following heat

treatment procedures for steel in full annealing and normalizing.
(10 marks)
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(c) What is the main difference between heat-treatable and non-heat-treatable alloys?
(2 marks)

(d) Compute the atomic packing factor for the cesium chloride structure in which eight chloride
anions surround a central cesium cation at the ( %2, %2, %2 ) position in an unit cell. Given Fction/Fanion
=(.735.

(9 marks)

Question 3

(a) A cylindrical rod 380 mm long, having a diameter of 10.0 mm, is to be subjected to a tensile load.
If the rod is to experience neither plastic deformation nor an elongation of more than 0.9 mm when
the applied load is 24,500 N, which of the four metals or alloys listed in Table Q3 are possible
candidates? Justify your choice(s).

(10 marks)

Modulus of Elasticity Yield Strength Tensile Strength
Material (GPa) (MPa) (MPa)
Ahmunum alloy 70 255 420
Brass alloy 100 345 420
Copper 110 250 290
Steel alloy 207 450 550
Table Q3

(b) A cubic plane has the following axial intercepts: x = -1, y = - and z = 2. What are the Miller
p 2 2 3

indices of this plane and show the plane in a cubic crystallograhics unit cell.
(7 marks)

(c) Briefly explain what is meant by terms:
(i) Allotropy or polymorphism and give an example of allotropic material. (4 marks)
(ii) Crystalline and give the three most common crystalline structures found in metals
(4 marks)
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Question 4

(a) A 1.5-kg specimen of a 90 wt% Pb-10 wt% Sn alloy is heated to 250°C; at this temperature it is
entirely an a-phase solid solution (Figure Q4). The alloy is to be melted to the extent that 50% of the
specimen is liquid, the remainder being the a-phase.

(i) This may be accomplished by either heating the alloy, to what temperature must the specimen
be heated? (2 marks)

(i1) OR changing its composition while holding the temperature constant. How much tin must be
added to the 1.5-kg specimen at 250°C to achieve this state?
(8 marks)

Composition (at% Sn)

0 20 40 60 80, 100
] | I T T T | T i

—1600

B+ 1L 400

18.3 61.9 97.8

Temperature (°C)
Temperature (°F)

300

100 +— Q‘fﬂ 200

—100

| 1 [ . l | | | .
0 20 40 60 80 100

(Pb) Composition (wt% Sn) {Sn)

Figure Q4

(b) Silver atoms can be regarded as spheres having a radius R of 1.44 A. Silver metal has an FCC
(Face-centered cubic) structure. On the assumption that silver atoms are just in contact along the
direction of closest packing in the crystal. Show the relationship of lattice parameter a with the
atomic radius R, and what is the lattice parameter of silver in terms of nm. (Given 1 A=10"° m)

(5 marks)
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(c) Define the following terms:
(i) electrical conductivity
(i) p-type extrinsic semiconductor
(iii) electron drift velocity
(iv) band gap energy
(10 marks)

Question §

(a) Describe the three stages in the ductile fracture of a metal. (9 marks)
(b) Twenty-cm-long rod with a diameter of 0.250 cm is loaded with a 5000 N weight. If the diameter
decreases to 0.210 cm, determine

(1) the engineering stress and strain at this load and
(ii) the true stress and strain at this load.

(8 marks)
(c) Define the polymeric materials
() plastics
(ii) elastomers. (6 marks)

Question 6

(a) Draw a section of the graphite structure. Why are the layers of graphite able to slide past
each other easily?

(6 marks)
(b) In polymerization of polymer,
(i) define the degree of polymerization.
(ii) what is a monomer? Explain with an example. (6 marks)

(¢) The room temperature electrical conductivity of a silicon specimen is 10* (Q.m)". The hole
concentration is known to be 1.0 x 10 m™. The electron and hole mobility for silicon are 0.14
m?/V.s and 0.05 m*/V s respectively.

(i) Compute the electron concentration.

(ii) Based on the obtained result above, is the specimen intrinsic, n-type extrinsic or p-type
extrinsic? Explain why?
(6 marks)

(d) Draw the crystallographic plane for the following

(i) Plane (1 1 1) in a FCC unit cell and list the position coordinate of the atoms, whose center is
the intersect of the plane (11 1),
(4 marks)
(ii) Hexagonal crystal plane with Miller-Bravais indices (1 2 1 0) (3 marks)

--THE END—
EGM 1182(F)JAN 13/CL PHUA/10/01/13
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