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DIPLOMA IN ELECTRICAL & ELECTRONIC ENGINEERING PROGRAMME (DEEI)
DIPLOMA IN MECHANICAL ENGINEERING PROGRAMME (DMEN)
EGM1182/EGM1184: STRUCTURES AND PROPERTIES OF MATERIAL
FINAL EXAMINATION: AUGUST 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) Aluminum foil used for storing food weighs about 0.3 grams per square inch. How
many atoms of aluminum are contained in one cm? of foil? (Note: 1 inch =2.54 cm,

Na = 6.022x10%3 atoms/mol)
(6 marks)

(b)  Determine Miller indices for the planes in the cubic unit cell shown in Figure Q1.

[ TECE S

<
Figure Q1
(6 marks)
(c)  Briefly describe the following terms that related to mechanical test.
1) Ductility
(3 marks)
(i)  Modulus of elasticity
(3 marks)
(iii)  Impact test and name an impact test.
(3 marks)

(d) State the electronic configuration of Sc and Ni*".
(4 marks)
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Question 2

(a)

(b)

(©)

Tin substitutional atoms are introduced into a FCC copper crystal, producing an alloy
with a lattice parameter of 3.7589 x 1078 cm and a density of 8.772 g/cm?. Calculate
the atomic percentage of tin present in the alloy. (Na = 6.022x10% atoms/mol)

(8 marks)
Briefly describe the following terms that related to fatigue test of materials.
(1) Endurance limit

(3 marks)
(i1)  Fracture surface of fatigue failure

(3 marks)

-Consider the binary eutectic copper-silver phase diagram in Figure Q2. Make phase
analyses of an 88 wt % Ag-12 wt % Cu alloy at the temperatures

(1) 1000°C,

(i)  800°C,

(i) 780°C+AT, and

(iv) 780°C = AT.

Note: In the phase analyses, include the phases present, chemical compositions of the
Phases the amounts of each phase. '
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Figure Q2
(10 marks)
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Question 3

(a) A part produced from the acetal polymer to survive fora million cycles under conditions
that of equal compressive and tensile stresses. From Figure 3, determine

(i) The stress amplitude,

(1 mark)
(i) The mean stress, tensile stress and compressive stress.
(6 marks)
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Figure Q3, S/N graph of acetal polymer '
(b)  Briefly describe the following terms that related to solidification of metal.
(i) Dendrite
(i)  Embryo
(ili)  Heterogeneous nucleation
(9 marks)

(c) The mobility of electrons in silver is 75 cm?/V.s and the lattice constant of FCC silver is
4.0862x10°® cm. Determine ‘

(1) the number of charge carrier if the conductivity of silver is 680000
(ohm.cm)! and absolute value of electron charge, 1.602 x1012 C.

(2 marks)

(i1) the total number of valence electrons per unit cell, and consequently find
the fraction of the valence electrons that are carrying an electrical charge.
(7 marks)
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Question 4

(a)

The degree of polymerization of polytetrafluoroethylene ~[C2Fa]a—is 7500. If all of
the polymer chains are the same length, calculate the molecular weight of the

chains.

(3 marks)
(b)  Briefly describe the following terms that related to electrical properties of materials.
1) Energy gap
(3 marks)
(i) Valence band
(3 marks)
(iii)  Hole _
(2 marks)
(c) If we wish to double the electrical conductivity of cobalt from the electrical
conductivity at 0 °C. To what temperature must we cool the metal?(Given the
coefficient of resistivity a is 0.006 Q/°C)
(5 marks)
(d)  Calculate the linear atomic density in atoms per millimeter for the following
directions in FCC iridium, which has a lattice constant of 0.38389 nm:
@ (100
() [110]
(ii)) [111]
(9 marks)
Question 5
(2)  Briefly describe the following terms that related to polymeric materials.
(1) Monomer
(ii) Thermosetting plastic
(6 marks)
(b) Compute the atomic packing factor for the cesium chloride structure in which rc/ra

=(.735. (rc denotes radius of cation and ra denotes radius of anion)
(9 marks)
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(c)  Acylindrical rod of copper (E = 110 GPa) having a yield strength of 240 MPa is to be
subjected to a load of 6660 N. If the length of the rod is 380 mm, what must be the
diameter to allow an elongation of 0.50 mm?

(6 marks)

(d)  For a ceramic compound, what are the two characteristics of the component ions that
determine the crystal structure?
(4 marks)

Question 6
(a)  What type(s) of bonding would be expected for each of the following materials:

(1) brass (copper-zinc alloy),
(i1) rubber,

(iii)  barium sulfide (BaS),
(iv)  solid xenon.

(4 marks)

(b)  Iodine has an orthorhombic unit cell for which the a, b, and ¢ lattice parameters are
0.481, 0.720, and 0.981 nm, respectively.

) If the atomic packing factor and atomic radius are 0.547 and 0.177 nm,
respectively, determine the number of atoms in each unit cell. (a simple
orthorhombic structure shown in Figure 6) '

a
e

Figure 6
(5 marks)

(i)  The atomic weight of iodine is 126.91 g/mol; compute its theoretical density.
(4 marks)
(c)  Calculate the composition, in atomic percentage of an alloy that contains 218.0 kg
titanium, 15 kg of aluminum, and 10 kg of vanadium.

(6 marks)

(d)  Describe and illustrate with sketches the solidification process of a pure metal in
terms of the nucleation and growth of crystals.
(6 marks)
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LIST OF FORMULA

5 mass niA1+nzA;
I. Densi = ==
R 0. volume a3Ny
. . ” no. of atom diameter
2 Linear atomic density, p; = !

linear length

volume of atoms in unit cell

<% Atomic packing factor, APF =

volume of unit cell

. . tensile force F
4. Engmeermg stress, 0 = 4 = A_
(]

cross sectional area  °

5. Modulus of Elasticity, £ = o = 2

strain €

Wp=—W
6. Lever rule, x; = — w[ and x; =
1

We—

Ws—Wp

Ws—wjp

7. Conductivity, ¢ = nqu
= number of conduction electrons per unit volume
q = electron charge = 1.602 x 10719 C
u = electron mobility

8. Conductivity, o, o¢c =
Pn°C

9. Resistivity, pr = pooc(1 + aAT)

-THE END-
EGM1182/EGM1184(F)/Aug2017 formatted



