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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: Aug 2016 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 O-ring is used to form a gastight seal in a high vacuum chamber. The ning is formed
a 80-mm length of 1.5-mm diameter wire. Calculate the number of gold atoms m the O-ring.
Given the density of gold is 19.28 Mg/m’, Na= 6.022x10%,

' (5 marks)

(b) Write the electron configurations of manganese by using spdf notation and determine the
number of valence electron. Then write the electron configurations of its ion.
(5 marks)

(c) Given the atomic radius of nickel is 0.1243 nm. Determine the planar density of FCC
nickel in the following planes.

1) (100)
(1 10)
(9 marks)
(d) Define the following terms related to the mechanical behavior of materials
(i) Creep
(3 marks)

(11) Intergranular
(3 marks)
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Question 2

(a) Suppose we introduce one carbon atom for every 100 atoms in an interstitial position In a
BCC iron, giving a lattice parameter of 0.2867 nm. For the Fe-C alloy, find the density (in
g/em’) and the atomic packing factor. Given atomic radius of carbon is 0.077 nm and

atomic radius of iron s 0.1241 nm.
(7 marks)

(b) (i) Compute the electrical conductivity of a 5 mm diameter cylindrical silicon specimen
50 mm long in which a current of 0.1 A passes in an axial direction. A voltage of 12.5V
is measured across two probes that are separated by 38 mm.

(i) Compute the resistance over the entire 50 mm of the specimen.
(5 marks)

(¢) Caleulate the center to center separation distance (or lattice constanf) of two I'e atoms
along the [1 0 0] direction in an unstressed a.— iron. Given the radius of iron atom i50.124
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 o — iron as 125 GPa.

(8 marks)

(d) Define the following terms related to the polymer materials

(i) Branched polymer

(11) Copolymer
(5 marks}
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Question 3

(@) A 50 wt% Pb-50 wt% Mg alloy is slowly cooled from 700°C to 200°C. Refer to Figure Q3.

Composition (al% Pb)
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Figure Q3
(1) At what temperature does the first solid phase form? ' 2 marks)
(i1) ‘What is the composition of Mg in this solid phase from (i)? (2 marks)
(i} At what temperature does the liquid completely solidify? (2 marks)
(iv)  What is the composition of Mg in this last remaining liquid phase prior fo complete
solidification? (2 marks)
(v) Determine the wi % of a phase when the femperature drop to 200°C. (2 marks)

(b} Make comparisons of thermoplastic and thermosetting polymers
(i) on the basis of mechanical characteristics upon heating, and

{i1) according to possible molecular structures.
(7 marks)
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(¢} A cylindrical specimen of aluminum having a diameter of 20 mm and length of 210 mm is
deformed elastically in tension with a force of 48,800 N. The modulus of efasticity of
aluminum is 69%10° N/m*. Determine the following |

(i) The amount by which this specimen will elongate in the direction of the applied stress.

(3 marks)
(ii) The change in diameter of the specimen. Will the diameter increase or decrease?
(5 marks)
Question 4
a) True strain and engineering strain are denoted by €5 and &g respectively.
2 , P
(1) Derive the relationship of true strain €, in term of engineering strain
gg. (Hint: Start with expression for engineering strain)
{4 marks)
(il  Derive a relationship of true stress oy in term of engineering stress
op and engineering strain £g. (Hint: oy = i; X j—“ , where F 15 the
Ao A
tensile force, ApandA; are the original and mstantaneous cross
sectional area of specimen respeciively)
(4 marks)
(b) Briefly explain the following:
(1) Proeutectoid « ferrite _
(3 marks)
(iiy ~ Martensite . :
(2 marks}

(i)  Cementite
(3 marks)

(c) Calculate the demsity in grams per cubic centimeter of Csl, which has the CsCI
structure. Tonic radii of Cs™ = 0.165 nm and [ = 0.220 nm. Na = 6.022x10%. _
' (9 marks)

Question 5

(a) Sketch in a cubic unit cell directions of [1 0 0] and [2 1 0] and determine the angle
between these directions.

(5 marks)

(b) Calculate the molecular weight of chloroprene (a common synthetic rubber) with a
degree of polymerization of 500, (The mer formula for chloroprene is C4HsClL)
{(4marks)
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(c)} Briefly explain the following:

(1) Hardenability of steels (3 marks)
(i1) Cold working _ (3 marks)
(iif) Plastic deformation . _ (3 marks)

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

(7 marks)
Question 6
{(a) Sketch and label the following planes within a cubic unit cell:
i (013)
G) (111)
(i) (131)
: (9 marks)
{b) In the context of diffusion mechanisms;
(i) Discuss interstitial and vacancy atomic mechanism of diffusion.
‘ (4 marks)

(ii) Cite two reasons why interstitial diffusion is normally more frequent and faster
than vacancy diffusion.
(4 marks)

(c) A fatigne test was conducted in which the mean stress was 50 MPa and the stress
amplitude was 225 MPa. Compute the maximum and minimum stress levels. _
(8 marks)

-THE END—
EGM 1182(F) Aug 2016
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