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[Masa : 3 jamJ

Please ensure that this examination paper contains SEVEN printed pages before you
begin the examination.
[Sila pastikan bahawa kertas peperiksaan ini mengandungi TI\JUH muka surat yqng
bercetak sebelum anda memulakan peperiksaan ini.l

Instruction: Answer all FIVE questions, Students are allowed to answer all questions
in Bahasa Malaysia or in English.

tArahan: Jawab semua LIMA soalan. Pelojar dibenarkan menjawob semua soalan
sama ado dalam Bahasa Malaysia atau Bahasa Inggeris.J
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(a) Showforthe [TunjukkanbagiJ

(i) body - centered cubic crystal structure that the unit cell edge length
a and the atomic radius R are related through a : 4R /.,13. 

Q-

[sel .unit berpusat jasad 
_ba(awa paniing sisi a dan jejori R

dihubungjan melalui a : 4R t | 5.1

(ii) atomic packing factor for BCC is 0.6g.
[faktor pemadatan atom bagi BCC ialah 0.65./

(iii) atomic packing factor for FCC is 0.74.
[faktor pemadatan atom bagi FCC ialah 0.74./

(30/1 o0)

(b) The density of thorium, which has the FCC structure and one atom per
lattice point is 11.72 glcm3. The atomic weight of thorium is 82 Jmol.Calculate :

[Ketumpata" ,11rr:! ylng,memiliki struktur FCC dan satu atom per titikkekisi ialah - I1.72 g/cm3. Berat atom thorium ialah 23i g/mot.
Hintungkan:J

(D the lattice parameter

[parameter kekisiJ

(ii) the atomic radius of thorium
fiejari atom thoriuml

(30/100)

(c) Gallium has an orthorhombic structure, with ao = 0.4525g nm, bo = 0.451g6
nm, and co =0.76570 nm. The atomic radius is 0.121g nm. The density is
5.904 glcm3 and the atomic weight is 69.72glmol. Determine:
[Gallium mempunyai struktur orthorhombik dengan ao :0.4525g nm,b, =0.45186 nm, and co :0.76570 nm. Jejari 

-atom 
ialah 0.l2lB nm.

Ketumpatannya ialah s.904 g/cm3 dan berat atom ialah 69.72 g/mol.
Tentukan:J

(0 the number of atoms in each unit cell
[bilangan atom di dalam satu sel_unitJ

(ii) the packing factor for the unit cell
[faktor pemadatan di dalam sel_unitl

(40/100)
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(a) Determine the Miller indices of the plane that passes through three points
having the following coordinates:

{e\,n\n indeks Miller bagi satah yang melalui tiga titik dengan koordinat
oertKut: l

(D 0,0,1; 1,0,0; andl/2,1/2,0

(ii) m,0,1; l/2,0,0; and 0,1,0

(iii) 1,0,0; 0,1,1/2; and l,l/2,V4

(iv) 1,0,0;0,0,V4; and 1/2,1,0

(30/1 00)

(a) (c)(b)

(b) Derive an equation- relating x-ray wavelength, interatomic spacing, and
angle of diffraction for constructive interference and hence show thatlr,r,r is
a function of Miller indices (h,k,l).
[Terbitkan satu persamaan yang mengkaitkan jarak gelombang sinar_x,jarak antqra-atom,- dan sudut pembeliuan bagi interfZrens membina dan
tunjukan dnrt adalah satufungsi indeks Milter (trt,t) I "

(30/100)

Explain the following:
[TerangkanJ

(D Any three types of defects in crystals
[3 jenis kecacatan habturJ

(ii) Fick's first law - diff'sion flux for steady state diffi.rsion
[Hukum pertamo Fick-/turcs resqpan bagi resapan keadaan mantapJ

(40/100)

(c)
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The following data ( table I ) were collected from a 20 mm diameter test
specimen of a ductile cast iron (lo = 40.00 mm):
fData berikut (iadual I) dikutip dari satu spesimen besi tuang mulur ujian
berdiameter 20mm (n:40.00 mm):J

o = F l(nl4) (20 mm)2= F 1314.2

t= (l-40)140

Load

[BebanJ
cN)

Gage Length
[Panjang TolakJ

(mm)

Stress

[TegasanJ
(MPa)

Strain

[TerikanJ
(mm/mm)

0 40.0000 0 0.0
25,000 40.0185 79.6 0.00046
50,000 40.0370 159.2 0.000925
75,000 40.0555 238.7 0.001388
90,000 40.20 286.5 0.005
105,000 40.60 334.2 0.015
120,000 4t.56 382.0 0.039
131,000 44.00 (max load) 417.0 0.010
125,000 47 .52 (fracture) 397.9 0.1 88

Table 1 [Jadual IJ

After fracture, the gage length was measured as 47.42 mm and the diameter
as 18.35 mm. Using the data, calculate:
[sglgnas ratah, paniang tolak yang di ukur iatah 47.42mm dan diameternya
ialah 18.35mm. Menggunakan data, hintung :J

(i) Tensile strength

[Kekuatan teganganJ

(ii) Modulus of elasticity
[Modulus kekenyalanJ

(iii) % Elongation

[o/o PemanjanganJ

(iv) % Reduction in area

[o% Pengurang luasJ

(v) Engineering stress at fracture
[Ketegasan kejuruteraan semosa patahJ 

\/_
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(vi) True stress at fracture
[Ketegasan sebenar semasa patahJ

(vii) Modulus of resilience
[Modulus kebingkasanJ

(s0/100)

Describe the following Strengthening Mechanisms in metals:
[Perihalkan Mekanisma penguatan di daram rogam berikut :J

(i) Grain Size reduction
IP engurangan s aiz butiranJ

(ii) Solid-solution strengthening
I P enguat an I arut an p ep ej atJ

(iiD Strain hardening

IP enger as an ke terikanJ

Also explain the characteristics of dislocations that are involved in each of
the strengthening techniques.
[Juga terangkan ciri-ciri perkehelan yang terlibat di dalam setiap tetcnik
penguatan.J

(s0/1 00)

Explain the following terms with relevant theory:
[Terangkan istilah-istilah berikut mengikut teoii yang releven;/

(i) Phase Equilibrium & phase diagrams
[Keseimbangan Fasa dan Rajah FasaJ

(ii) Eutectic Systems

[S i s t em- s i st e m Eut e ktikJ

(iii) Iron -Carbon (Fe -C) phase diagram
[Rajahfaso Ferum - karbon (Fe _ C)]

(60/100)

4. (a)
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silicon carbide (sic) has a specific grav^ity of 3.1 g ,^t . A sintered Sic part
is produced, occupying a volum. of 500-.r, uni weighing lf,lla g. art",
soaking in water, the part weighs 1250 g, Calculate
[silikon karbida (sic) mempunyai graviti tertentu 3.,1 g/cm3. satu bahagian
tersinter dihasilkan yong mengqmbil isipadu 500cm3 d"an timbangan t z6o g.
selepas direndam di daram air, bahagiin itu menimbang 1250 g. Hiruigj''
(i) bulk density

[ketumpatan pukalJ

(ii) true porosity

[keliangan sebenarJ

(iii) volume fraction-oflhe total porosity that consists of closed pores.
[pecahan isipadu dari jumlah keliangan yang terdiri darrpida lrang
tertutup.J

(40/100)

steel is coated with a thin layer of ceramic to help protect against corrosion.whlt do you expect to happen to the coating *it* the temperature of the
steel is increased significantly? Explain.
[Keluli di salut dengan satu lapisan nipis seramik untuk membantu
melindungi daripada kak\an. Apakah ying anda jangka akan berlaku
kepada salutan itu apabira suhu-keluli ditiigkatkon" irZgo, lebih tinggi.
Terangkan.J

(20t100)

A l-m- square steel plate is coated on both sides with a 0.005cm-thick rayerof zinc. A current density of 0.02 Ncm2 is applied to the plate in an
aqueous solution. Assuming that the zinc corrodes uniformly, determine the
l_1ng,h of time required before the steel is exposed.
fsatu plat keluli segi-empat sqma ]-m disitut pada kedua-dua permukaan
dengan lapisan zink setebat 0.005cm. satu ietumpatan arus 0.02 Aicmt
dikenakan kepada plot di dalam larutan air. Dengan mengandaikan zink
mengkakis secara seragam, tentukan panjang *ori yong diperlukan untuk
mendedahkan keluli.J

(40li00)

5. (a)

(b)
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(c) An alumina insulator for an electrical device is also used as a heat sink.Temperature rise of 10o c is observed during 
"r. in trrir alumina insulator(1 cm x 1 cm x 0.02 cm). Determine th! thickners- or a high-densitypolyethylene insulator that would be needed io prorriae the sameperformance as a heat sink. The density of alumina is 3.96 glr- 

*' Darrw

[satu penebat alumina untuk alatan elektrik turut iigunakan sebagaipenggelam habo. Peningkatan suhu sebanyak l0 oc ,itot arprrhatrFnln
semasa penggunaan alumina ini sebagai penebot (I cm x I cm i o oz ,*).Tentukan ketebalan satu penebat po/yethyrene berketumpatan tinggt yangperlu diperlukan untuk menghasilkan prestasi yang sama sebagai pengelam
haba. Ketumpatan alumina iatah 3.96 g/cm3.J 
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(40/100)
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