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INTI INTERNATIONAL COLLEGE PENANG :
DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING PROGRAMME (DEEI)
EGM 1182: STRUCTURES AND PROPERTIES OF MATERJAL
FINAL EXAMINATION: APRIL 2014 SESSION

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

Question 1

(a) Calculate the number of atoms contamed in a cylinder 1um in diameter by 1um deep of lead.
Given the density of lead is 11.34 g/em® and Avogadro’s number i is 6. 022x10%.
(5 marks)

(b) Suppose an element has a valence of 2 and atomic number 27. Based only on the quantum
numbers. How many electrons must be present in the 3d energy level, list the electron configuration
of this element and lastly provide the name of this element.

‘ (3 marks)

(c) The density of silver i 1s 10.49 g/em®. Calculate the number of electrons capable of conducting an
electrical charge in 10 cm® of silver.

(7 marks)

(d) Define or briefly explain the following:

(i)  Phase diagram (4 marks)

(1)  Alloy system (2 marks)

(iii) Eutectic (4 marks)
Question 2
(a) What is meant by the term polymerization and list 2 types of polymerization?

(7 marks)

(b) A typical paper clip weighs 0.59 g and consists of BCC iron. Given the density of iron is 7.87 g/
cm”, lattice constant of BCC is 0.289 nm. Calculate
(1) The number of unit cells; and
(i)  The number of iron atoms in the paper clips

(6 marks)
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(¢) Determine the indices for the planes A, B and C in the cubic cell shown in Figure 2c.

Figure 2¢
(6 marks)
(d) Determine the indices for the directions in cubic unit cell shown in Figure 2d
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Figure 24
(6 marks)
Question 3
~ (a) When fn'akin'g' hé.rciheés.ineasurements, what will be the effect of making an indentation very
close to a preexisting indentation? Why? S
SR————— (4 marks)
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(c) Suppose that we would like a part produced from the acetal polymer shown in Figure 3¢ to
survive for one million cycles under conditions that provide for equal compressive and tensile
stresses,

60

Stress amplitude (MPa)

1wt 108 108 _zpj__ 108

Cycles to failure
Figure 3¢
() What is the fatigue strength, or maximum stress amplitude required?
(11) What are the maximum stress, minimum stress, and the mean stress on the part
during its use?
(4 marks)

(d) Twenty-cm-long rod with a diameter of 0.250 cm is loaded with a 5500 N weight. If the
diameter decreases to 0.210 cm, determine
(i) the engineering stress and strain at this load and
(ii)  the true stress and strain at this load.
(10 marks)

Question 4

(a) One kg of an alloy of 70% Pb and 30% Sn is slowly cooled from 300°C. With reference
to the lead-tin phase diagram in Figure 4a, calculate the following:

(1) What are the phases exist at 200°C? and what are the weight % of these phases?
(3 marks)

” .(.4 1nal'k§)

(ii1)  The weight in kg of eutectic o and B formed by the eutectic reaction.
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Figure 4a
(b) Explain the following terms obtained from fatigue testing of materials:
(i)  Endurance limits
{4 marks)
(1))  Surface of fatigue failure
(4 marks)

(¢) Calculate the electrical conductivity of pure copper at:
(1) 300°C
(iy -100°C

Comment on your results obtained in terms of the effect of temperature on conductivity of

I copper.with_the_given resistivity_of copper_at_0°C_is_1.67x107°Q.cm_and_its_temperature__________

resistivity coefficient is 0.0068/°C.

(6 marks)
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Question 5
(a) The atomic weight, density, and atomic radius for three hypothetical alloys are listed in the

following Table 5a. For each, determine whether its crystal stracture is FCC or BCC and
then justify your determination. Given the Avogadro’s number is 6.022x10%,

Atomic Weight Demmr Afomic Radius
Alloy {g/moly (gfmx ) (#t111)
A 107.6 13.42 0.133
B 50.9 5.97 0.132
Table 5a

(8 marks)

(b) List the four classifications of steels. For each, briefly provide one of its mechanical
properties and typical applications.
(12 marks)

{c) Phosphorus 1s added to make an n-type silicon semiconductor with an electrical conductivity
of 250 Q- m™. Calculate the necessary number of charge carriers required.

(Assuming an electron mobility of g, = 0.1350 m® /(V.s), and absolute value of electron or hole
charge is 1.6x107°C)
(5 marks)

Question 6

(a) Briefly describe the following types of secondary bonding:
(i) fluctuating dipole,
(i) permanent dipole and provide an example. '
(iii) a choice between the noble gases krypton and xenon, which noble gas would
be expected to have the strongest dipole bonding and why?
(12 marks)

(b) Describe the structure of a grain boundary. (3 marks)
(¢) Calculate the radius of the largest interstitial void in BCC,, iron lattice. The atomic radius

of the iron atom in this lattice is 0.124nm, and the largest interstitial void occurs at the
(V4,2,0); (V2,%,0); (%,%,0); and (44,%4,0), etc., type position.

(10 marks)

--THE END—

TEGMTI82(MAUG 13/CL PHUA ST/
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