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INTI INTERNATIONAL COLLEGE

DIPLOMA IN ELECTRICAL AND ELECTRONIC ENGINEERING (DEEI)
EGM 1182: STRUCTURES AND PROPERTIES OF MATERIAL
FINAL EXAMINATION: APRIL 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) Briefly describe the following material:
(iy Crystalline material

(i) Single crystal material
(iii) Polycrystalline material.

(5 marks)
(b) Write the electron configurations of the following ion by using spdf notation:
iy Cr*,
(i) Br-.
(6 marks)

(c) An optical fiber for telecommunication is made of SiO; glass (density = 2.20 Mg/m?).
How many Si atoms and O atoms are present per millimeter of length of a fiber with diameter
of 10 gm? (Given Na= 6.023x10%%)

(8 marks)

(d) Calculate the ionic packing factor (or atomic packing factor) of CaO, which shares the
NaCl type structure. Given the radius of Ca** is 0.106 nm and the radius of O* is 0.132 am.
(6 marks)

Question 2

(a) Calculate the density of zinc blende (with tetrahedral structure) in term of g/em?®. Given
the radius of Zn?* is 0.083 nm and the radius of $% is 0.174 nm.
{6 marks)

(b) To produce a p-type of semiconductor, small level of impurities (aluminium) are added to
an essentially pure semiconductor (silicon) in order to produce desirable electrical
properties. For 5 x 10%! aluminjum atoms per cubic meter in solid solution of silicon,
calculate’

(i) the atomic percent of aluminium atoms. Given the density of silicon as 2.33Mg/m°.
(ii) the weight percent of aluminium atoms. :

(11 marks)
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(c) Calculate the center to center separation distance (or lattice constant) of two Fe atoms
along the [1 ¢ 0] direction in unstressed o — iron. Given the radius of iron atom is
0.124nm,

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)

Question 3

(a) Given the Al — Si phase diagram in Figure 3. Calculate
(i) The weight fraction of the o phase that is proeutectic in a 10 wt% Si— 90 wt%

Al alloy at 576 °C, and
(i)  The weight fraction of the B phase that is proeutectic in 20 wit% Si — 80 wt%
Al alloy at 576 °C.
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Figure 3

(10 marks)



EGM 1182 (F)/ Page 3 of 6

(b) Calculate the atomic packing factor for polyethylene —[Ca--Halo—. If the unit cell volume is
0.0933 nm?, the radius of carbon and hydrogen are 0.077nm and 0.046nm respectively. Each
unit cell would contain 2 repeating unit of monomer,

{7 marks)
(c) Define the following terms related to the mechanical behavior of materials
(i) Endurance limits,
(ii) Fatigue strength,
(iif) Engineering stress and its SI unit,
(iv) Engineering strain and its SI unit.
(8 marks)

Question 4

(2) A cylindrical specimen of steel having an original diameter of 12.8mm is tensile tested to
fracture and found to have an engineering fracture strength of 460MPa. If its cross sectional is
10.7mm, determine:

(i) The engineering stress and true stress
‘ (5 marks)
(i) The engineering strain and true strain '
(5 marks)
(b) Define or briefly explain the following:
(i) Annealing of steels
(4 marks)
(ii)y  Tempering of steels
(4 marks)

(c) A steel bar 100mm long and having a square cross section 20mm x 20mm is pulled in
tension with a force of 8.9 x 10* N, and experiences an elongation of (0.1mm. Assuming that the
deformation is entirely elastic, calculate the modulus of elasticity of the steel.

(7 marks)

Question 5

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

{6 marks)

(b) For a ceramic compound, what are the two characteristics of the component ions that
determine the crystal structure?
(4marks)
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(¢) Refer to Figure 5. Define the following phases that exist in the Fe-FesC phase
diagram:
(i) austenite,
(ii) o ferrite,
(iii) cementite,

(iv) & ferrite.
Composition (at% C)
0 5 10 :
1600 I - 1|5 2|0 25
1538°C : .
1400
— 2500
1200 =
g ' ‘ {
¢ i | — zooo
2 Q %
T 1000 :
g : :
£ i ,
& ! 3
800 } ‘ 41500
! ]
L j ; {
i 0.022 : ; ,
600 o Ferifa S 1 S
v i H
i i ) : ‘ Famenﬂte (FeSE::] —] 1006
. £ : 1 !
200 | | | | | |
b 1 2 3 4 5 6 .70
{Fe} Composition {(wi% C)
Figure 5
(10 marks)

(d) Write Ohm’s law equation for microscopic form. Define the symbols and indicate their SI
units.

(5 marks)

Question 6

{a) Define the following terms:
(i) electrical conductivity
(i) n-type extrinsic semiconductor
(iii) electron drift velocity
(iv) band gap
(8 marks)
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(b) Calculate the electrical conductivity of pure copper at:
(i) 400°C
(ify -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 0°C is 1.67x10 °Quem and its temperature

resistivity coefficient is 0.0068/°C.
(7 marks)

(c) Determine the Miller indices for the A, B and C plane shown in the following unit cell
(Figure 6).

C
B
/
X
Figure 6
(6 marks)
(d) What type(s) of bonding would be expected for cach of the following materials:
(i) brass (copper-zinc alloy),
(i) rubber,
(iii)barium sulfide (BaS),
(iii)solid xenon.
(4 marks)

-THE END-
EGM 1182(F) Apr 2016
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