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Qf (a) By applying W. Pollack's formul4 determine the distribution ofelectror in shell and
subshell ofTi with atomic number 22. .

(10 marks)

(b) An x-ray difftactometer recorder chart for an element that has either the BCC or the
FCC crystal structure showed diffraction peaks at the following 2d angles: 36.191',
51.794", 64.982', and 76-663' (The wavelength ?' of the incoming radiation was
0.15405 nm). CJsiry Tsble Ql (r), Ql(b) rtrdQl(c), ifnec€ssary). Determine:

(D The crystal structu€ of the eleme .

(ii) The lattice constant ofthe element and id€ntiry the element.
( 10 marks)

Q2 Data molecular weights for a polyethylene material are tabulated in Table l:

Table 1: Data molecular weieht.

Molecular weight Range
(s/mol)

Xi

r 5,00G.30,000 0.04 0.01
30,000.45,000 0.07 0.M
45,000-60,000 0.16 0.11
60,00G.75,000 o.26 0.24
75,00G.90,000 o.24 o.27
m,fin- 105,000 o.t2 0.16
I 05.00G. 120.000 0.08 o.t2
I 20.00G I 35.000 0.03 0.15

Mer Stluctule of polyethylene is in Figurc Q2, The atomic weight of C and H arc
12.01 g/mol and l.0l g/mol respectively.

Calculate:

(a) The number --average molecular weight.
(8 ma*s)

(b) The weight average molecular weight.
(8 ma*s)

(c) The degee of polymerization.
(4 narks)
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Q3 An alloy of 8-0 wtolo Sn-20 wf/o Pb at the temp€rature of 2000C (see Figurc Q3). The
density at 200uC takes the densities of Pb and Sn to be I I .23 and ?.24 g/cmr respectively:

(a) Describe what phase (s) is (are) plesent?
(2 marks)

(b) Determine the compositions ofthe phases?
(4 marks)

(c) Calculate the relativg amount ofeach phase present in terms ofmass fraction.
(6 marks)

(d) Calculate the relative amount ofeach phase prcsent in terms ofvolume fraction.
(8 marks)

Q4 (a) Plot the radial hardness profile (canter, % R, % R and swface) for a 50 mm
diameter cylindrical specimen of 8640 stcel that has been quenched in moderately
agitated water (Using data of Figure Q4 (a) snd Q4 (b)). Please provide/submit
your answer with the Figure Q4 (a) and Q4 (b)).

( 12 marks)

(b) A 0.505 in. in diameter aludnium alloy test bar is subjected to a load of25,000 lb.
Ifthe diameter ofthe bar is 0.490 in. at this load, detemine:

(i) The engineedng stress and strain.

(ii) The Oue stress and strain at this load.
(8 marks)
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Determine the elastic modulus of unidirectional
longitudinal and tiansversal direction given the
Enr". = 70 GPa and Vn* = 0.6

epoxy-glass fiber composite in the
following dala: E-"ni. = 3.0 GPa ,

(6 marks)

Calculate the reflectivity ofordinary light from a smooth, flat upper su:face ofa
borosilicate (n=1.47) and polyethylene (n=1.53).

(5 marks)

Using Table Q5, select the material for a co[ductiDg wire of diameler 40 mm that
carries a cunent of 30 A and the maximum power dissipation is 5 w/m .

(5 rnarks)
The modulus of elasticity for titanium carbide (TiC) having 5 vol 0/o porosity is
310 GPa. Calculate

(D The modulus elasticity for non porous material.
(iD The modulus ofelasticity for 15% porosity.

(4 ma*s)

A silicon wafer is doped with 1021 phosporus atoms/ml. Calculate :

(i) The majority - carier concenuation
(ii) The minority --carier concentration
(iii) The electrical resistivity of the doped silicon at room temperature (300 K).

Assume complete inozation of the dopant atoms;

ni(si) = 1.5 x 1016 m-3, t, = 0.135 m2Ar'.s), and t" = 0.048 m?v.s)
(l0marks)

Calculate the number of silicon atoms Der cubic meter. The densitv of silicon rs
233 Mgln3 Q.33 elcm3),^^ and its atomic mass is i8.08 g/mol.
Avogadro's number =6.023 x lff'atomVmol.

(4 rMrks)

A phosphorus-doped silicon wafer has an electrical resistivity of 8.33 x 10-5 Om
at 27uC. Assume mobilities of charge carriers to b€ the constanls 0.135 m'l(V.s)
for electrons and 0.048 m'l(V.s) for holes.
(D Calculate its majority-carrier concentration (caniers per cubic meter) if

complete ionization is assumed?
(iD Determine the ratio ofphosphorus to silicon atoms in this material?

(6 ma*s)

- END OF QUESTION -
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Table Ql (a)
Miller indices ofdift'acting planes for BCC and FCC lattic.e

Cubic planes lbkl) Cubic diftacting planes
{hkt }
FCC BCC

{ 100}
{ll0} l l0
tlll] nl
{200} 200 2N
{210}
{2ttl 2tl

Table Ql (b)
Selected metals that have BCC crystal s&uctue at mom temperatur€ (2000C) and th€ir lattice

No. Maierid tattic€ CoDstant a (om)
Cbromium o-249

, Iron 0.287
l Molybdenum 0.315
4 Potassium 0.533
) Sodium 0.429
6 Tungsten 0.316
7 Tantalum 0.338
8 Vanadium 0.304

Table Ql (c)
S€lect€d metals tbat have FCC crystal structure at room tempeiatue (200oC) and thei.lattice

No, Material Iattice Constant a (nm)
I Aluminirun 0.405
2 Copper 0.3615
3 Gold 0.408
4 Ld 0.495
5 Nickel 0-352
6 Platinum 0.393
7 Silver 0.2109
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Table Q5
Electical conduaivities ofsome metals and non metals d rcom temDer.atue

Metal and alloy o(A.m)'' Non Metal o (Q.n)-'
Silver 6.3 x l0' Craphite l0'

Copper, commercial
purity

5.8 x l0' Germanium 2.2

Gold 4-2 x lO' Silicon 4.3 x l0-
Aluminium, commercial

purity
3.4 x l0' Polyethylene l0-

Pollstyrene l0'

Diamond l0-

l0




