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THE OPEN UNIVERSITY OF SRI LANKA

FOUNDATION PROGRAMME IN TECHNOLOGY - LEVEL (02

FINAL EXAMINATION 2011
CEX2312/CEX1330 - ENGINEERING PROPERTIES OF MATERIALS

Time allowed: 3 Hours Index number

........................

Date: 20t March 2011 Time: 9:30-12:30 hrs.

Note: The Periodic table is given on the last page for reference. -

PART A: S

Answer all questions. Each question carries 2 marks and the mark for Part A makes up 20%
of the total mark.

‘Part A should be detached from the question paper and attached to the answer script.

‘From question 1 to 5 select the most appropriate answer.

1. An object undergoes uniform acceleration when the resultant force acting on it

a. is zero. c. is proportional to the displacement.

b. is constant but not zero. d. increases uniformly with time,

2. Which of the following properties of solid would change if it was transported from earth to

moon?
a. mass c. density
b. volume ‘ d. weight

3. Atoms with the largest atomie radius are located;

a. at the top of their group. . at the bottom of their group. - _
b. in the middle of their group. d. cannot predict atomic radius by location within a group.

4. In a simple pendulum experiment, the length 1 is varied and the period T is measured. To find
g due to gravity it is best to plot '

: 1
a.lagainst T c. [?against T2

b. I against T2 d. I*against T
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5. The existence of a tiny, massive, and positively charged nucleus was deduced from the
observation that,

a. fast, massive, and positively charged alpha particles all move straight through metal foil.
b. alpha particles were deflected by a magnetic field.

¢. some alpha particles were deflected by metal foil.

d. None of the above is correct,

From question 6 to 10 answers should be written in the space provided under each
question.

6. If a nuclear reaction adds an extra neutron to the nucleus of 57Fe (a stable isotope of iron), it
produces 58Fe (another stable isotope of iron). How will this change in the nucleus affect the
number and arrangement of the electrons in the atom that's built around this nucleus? Write

the electron conﬁ'g'uration for 58Fe isotope. Find the number of protons and neutrons in the
nucleus of 58Fe isotope. '

7.Crystals of sodium chloride and diamond both have transparent structures. Using your
knowledge of bonding and the structures of these two materials, explain why one is hard,

insoluble and a poor conductor of electricity, whereas the other is soluble in water and

conducts electricity under certain circamstances,

8. ‘Ceramics and glasses are verjr brittle while metals are ductile’. Justify the above statement
considering the bonding in each material.

9. In the following list of particles, the atomic symbol is represented by X;
' 35 W0y W 2y -
X, X, 0 X, X, X, WX eXT

Which particles are the isotopes of the same element?

10. Graphite is used in ‘lead pencils’. Briefly explain the reason behind the selection.
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. PART B:

Answer 4 questions. Each question carries 20 marks and the mark for part B makes up 80%
of the total mark.

1. (20 marks)

{(a) The gas equation can be given by the following form,

[(P+%)(V -b) = RTJ

where

P - Pressure, V -~ Volume, T - absolute temperature

i) State the difference between a unit and a dimension. (2 marks)
if} List the SI units and dimensions for P and V. . (1 mark)
iii) Determine the dimensions of constants a and b. : {2 marks)

iv) If the absolute temperature (T) is measured in kelvin, derive the units of the gas

constant R. : : (3 marks)

* v) State the main advantage of using the SI system of units. (2 marks)

(b)' A micrometer screw gauge can be used in measuring small lengths such as the diameter of a thin
wire or the thickness of a sheet of metal accurately. A typical micrometer screw gauge is given in
figurelb. The circular scale is divided into 50 divisions. When the circular scale makes 2

complete revelutions the main scale moves by 1 mm.

A B

Figure Q1b

|
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i) Explain the purpose served by the parts indicated by A, B,C,Dand E. (2.5 marks)

s

ii) Explain how you observe the ‘zero error’ in micrometer screw gauge. (1.5 marks)

iii) Determine the least count of the given micrometer screw gauge. (1 mark)

iv) Above micrometer screw gauge was used to measure the diameter of a ball bearing. Taking
into account the zero error given in figure 1b(1), find the diameter of the ball bearing.

(3.5 marks)

- oy

5 Figure Q1b(1)

v} Usually three trials are made in measuring the diameter of the wire at different places along

its length. State the assumptions that you make in assuming that these three trials give an
accurate value for the diameter. (1.5 marks)

2. (20 marks)

(a) A stress - strain graph for a certain metal wire, up to its breaking point is s

hown in figure -
-Q2a. '
Stress - )
1
D
B G .
AL E
» Strain
Figure Q2a
i) Referring to the structure and behaviour of the metal under a tensile force, explain the
significance of each point A, B, C, Dand E. (2.5 marks)
i) Describe what happens when the wire is loaded up to a stress corresponding to point X
and then unloaded gradually. : ‘ (1.5 marks)

iii) Up to what point can the wire be subjected to stress without causing fracture? -

(1.5 marks)
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iv) What is the sigﬁiﬁcance of the region DE in the graph?
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(1.5 marks)

(b) Figure Q2b shows stress - strain graphs of five materials A, B, C, D and E. The material
breaks at the final point on each graph. ' ‘

Stress
F 3

E
potrain

Figure Q2b

i) Find the material which exhibits the highest ductility. .

ii) Find the stiffest material.

iif) Find the strongest material.

(2.5 marké)
(2.5 marks}
(2.5 marks)

- {c) A stone is projected horizontally by a catapult consisting of 2 parallel identical rubber

cords. When each cord is extended by ¢, a stone is projected with speed V. Assuming the

. _ rubber cords obey Hooke's law and strain energy is completeljr transferred to the stone,

determine the speed of the stone if each of the cord is extended by 2e.

- 3. (20 marks) ‘ : .
(a) The following table3a gives the first four ionization energies {

elements from A to E (Letters are not the symbols of any element).

(5.5 marks)

in kJ/mol) of a series of

Element 1stL E. 2nd [ E, 3w I E. 40T E.
A 510 7300 11780 -
B 570 1815 2750 10800
C 1070 2360 4625 6430
D. 490 4560 6925 9560
E 580 1142 4890 9450
Table 3a
i) Why do successive ionization energies increase? (2 marks)
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ii) Find the elements which are likely to form 1+ cations. (2 marks)
1if) Find the element which forms a 3+ cation. _ (1 mark) \
iv} Which of the elements are expected to be in the same group? (1.5 marks)
v) How does the first ionization energy of the noble gases change with increasing atomic
number? ‘ . (1 marks)
vi} State the reason behind the change that you mentioned in v). (1.5 marks)

b) Ineach of the following pairs of atoms/ions which is larger? Give reasons. (4 marks
2P g
(i) O and O (if) Band F
(i) Cu?* and Cu+ (iv) Fe?* and Niz+

(¢} Sodium is a silvery grey metal. It has to be kept under oil because it reacts rapidly with
oxygen and water vapour in the air. Chlorine is a poisonous green gas. Sodium chloride is a
white, crystalline solid which we eat as table salt. _ '

i) Explain how the sodium in sodium chloride differs from sodium metal. (1.5 marks)
ii) Explain how the chiorine in sodium chloride differs from chorine gas. (1 mark)
iif) Find the charge of the Sodium chloride crystal. S (1 mark)
.iv) Comment on the melting and boiling points of the solid sodium chloride. {1 mark)
v)  Explain why it readily dissolves in water. _ ' (1.5 marks)
vi) Eﬁcplain why solid sodium chloride does not conduct electricity. . (1 mark)

4. (20 marks)

a) The frame of the push cart illustrated in Figure 4(a) was fabricated from stainless steel
. P gur
tubing,. : ‘ T

* Figure Qda
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i) State the properties that make the stainless steel particularly suitable for this product.

(2 marks)
if) Explain the reason behind the usage of tubing rather than solid bar. (2 marks)
iti) List two disadvantages of using mild steel for this product. (2 marks)

iv) Some push carts are made from aluminium. State one advantage and one disadvantage

of using aluminium for this product. ' (2 marks)

(b)

load

concrete ] ff . . ff )

Figure Q4b

steel rods

Figure 4b shows a cross section through a reinforced concrete beam, Beam is supported at its
ends and vertcally loaded in the middle. Concrete is made out of a mixture of cement, sand,

broken stone in proportions of 1:2:4, together with water. From the propertiés of concrete and

steel;
i) Explain why a mixed proportion of 1:2:4 is selected. (2 marks)
ii) Identify the specific use of each constituent. {2 marks)
ili) State why wet concrete is compacted. (2 marks)

iv) Discuss an advantage and a disadvantage of using sea sand in the mix. - (2 marks)

v) Explain the purpose of the steel reinforcement rods. (2 marks)

\}i) State the reason behind the placement of steel rods close to the bottom of the beam.
' . (2 marks})

5. (20 marks)

(a) Asa metal, copper is used mainly by the electricity industry in the form of wires either bare
or insulated. Normally electric wiring consists of copper wire surrounded by polyvinyl
chloride. In a special type of electric wiring used in fire alarm systems, a copper wire is
surrounded by solid magnesium oxide to act as an insulator, the whole wire being encased

in a copper mesh covered with PVC.
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i) State the electronic configuration of copper. : (1.5 marks)

#i) Describe the bonding in copper metal and hence explain how it conducts electricity.
(2 marks)
iif) What type of bonding is present in PVC? Hence explain why it can be used as an
insulator. ' (1.5 marks)
iv) Discuss the propérties and characteristics found in PVC and its uses other than cable
covering. ' ' (1.5 marks)

v) Suggest a polymer, which can be used instead of PVC in cable covering. (1.5 marks)
vi) What type of bonding is present in magnesium oxide? Why is it used as an insulator

even in fire alarm systems . : {2 marks)

{b) Huge advances in electronics over the last 2 decades are due to the discovery and use of

semi conducting materials.

i} Explaiﬁ the contrasting properties that a semi conductor posses when compared with

ordinary metals. ‘ (2 marks)
ii) Give 2 good examples of semi conducting materials. (2 marks)
iti) List two uses of semi conduct'mg materials. (2 marks)

iv) Compare the behaviour of semi conductors and good conductors with increase of

_temperature, - (2 marks)

v) Differentiate between intrinsic'and extrinsic semi conductors. (2 marks)

6. (20 marks)

a) A 07755 orbon of a solid mixture containing sodium hydroxide and unreactive
EP _ Z Y
impurities is dissolved in water and titrated with standard 0.1000 M FH;50,. 34.44 ml of

the acid is required to neutralize the sample.

i} The concentration of the acid is given as ‘0.1000 M’. Explain what is meant By 0.1000 M.

(2 marks)

ii) Describe the function of an acid base indicator. - ' (1.5 marks)
iii)- Explain the steps, which you will carry out in performing the above titration
experiment in the laboratory. | (2 marks)

iv) Write down the equilibrium equation for the above case. {2 marks)

v) Determine the percent by mass of the sodium hydroxide in the sample.
(2.5 marks)
vi) Consider the titration experiment that you have performed in the laboratory. What
would happen and how would the results be affected by the following errors?

a. A few drops of acid are added after the indicator changes colour. (0.5 marks)
b, The acid is less concentrated than you thought. . (0.5 marks)
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c. You forget to add the indicator. | _ (0.5 marks}
d. You don’tswirl the flask to mix its contents thoroughly. " (0.5 marks)

(b) Quartz, which is a crystalline form of Silicon Dioxide (SiOz) has a density of about 2650
kg/m3. It is found that well compacted sand grains of uniform size (all the grains are

approximately the same size) has a porosity of about 30%.

. i) Explain why the porosity of well compacted sand of uniform grain size does not vary
- much with the size of the grains. ' (2 marks)

ii) Calculate the approximate number of sand grains having a uniform size of 2 mm that
would be required to fill Container A, that has a volume of 20 litres. You can assume
that the g'raihs are spherical, with a diameter equal to the given size and that the sand is
well compacted. o (2 marks)

iif) Calculate the approximate number of sand grains having a uniform size of 0.2 mm that
would be required to fill a Container B, that has a volume of 20 litres. You can assume
that the grains are spherical, with a diameter equal to the given size and that the sand is
well compacted. ‘ : | (2 marks)

iv) The contents of Containers A and B are poured into Container C, which has a volume of
50 litres. Container C is shaken well. Will the volume of the mixture of sands in
Container C be less than, equal to or greater than 40 litres? Explain your answer,

(2 marks)

KKK KHH KN XKIOCHHXKICKH KKK KKHOCHXKKXOCOOEKIHKK XXX AHHX KKK XXX XX KXHKHONKKK
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Sfela@id sraflubiflésmalflsd srgud NG g Qb Srais
8_nGwirdld &0UBED S, (2 yeiraflaair)

(b) 51_5',5 Bym serigbisaln Gasdralwadln  apule urfle  pereHmBIs @S @
GIeTTh Slemydial gEeSralurtasior  sam@RgUYD 2 LGLTSEISEHLOTELD.

1) grpmemgyelubaenar QUAGWLEINg DI HEbSreMumis e
Qerewong (meés  Gouemigi Goumin@erar Bl semer  ailemds (@ .

(2 yerslsar)
1) Siemrssl gdleyailubsend g @ran® Hon 2 STIswThisGe &(h.

(2 e )
iii) SengdaL_sdlESreumiseiar Egewor@ o UGILTSRIE e ua_'wrmsﬁ@-es.

(2 yersfisar)

iv) Gariuflens SiglsMiyL e é\;mga%aar_g'glaa@m. srsﬂg‘g]gf)aﬁLgB,@‘;]a;@m Qewpu@ELh
wenplamar EORGS. : (2 ysirefaar)

V) o eiemips, ymbGuwstar Nemréspdlama CoumiBesls il 6.
(2 yeraflmai)
6. (20yeiaflasir)

(a) Gemguwid gabrm e mi_uph srésn yiuns smbspownn  Gummansmyd

00133,

Qe 07755 g @m Uy Havnodsmamen HRD sarasiu@ fuw 01000 M §

Hy8O0, 0 ar funfgsed Griwin’t g1 wrdflow pEflan Qeisnusihe 3444 ml
Siflod CoeameuliuLL S

1) onflwgdlear Gefdey 01000 M starg ssou@dlpg. 01000 M Glammed eTsrer
eflenmisl  LHED S _ (2 yeiefi:mer)

i) @f onflw sy Gy dor Glerw;bum_'mrsmrsﬁr siufdaas. (15 yaraflssr)

iii) Goprng. Puwbssn ufbrsmeranw biley Gt G&ld Brsar CQFdudGurg
QerupL@$s Couswtig ) Lig (IpEDD&ENGT  6XIaTE & mLD. (2 ysisilaar)

iv) Gpng Hepaln@iu Fubenad Enerun g e aupgiE. (2 YaTsilser)

V) wréififs o aier Gemgund pelim s gar deoflefar aeiss e
Byssonifd & syLh. (25 yeisfilasar)
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G

vi) Briser Dpiiey eSS0 Grde ey FLGHN Gerlg Fubssm
ufBssenmeny SHESD Qaraiaraid. Saraumlh epSsaD sTaRTRT HanL Gumid
srmra)ih efenaraymar sTouergy UMSlGEIU@Goameyh dmis. (2 yaisilse )

a) &nly. Hpowrdy ey fo dilug sialser el ouGEng)-
b) Eossr Heoassdad utihes o GopEs Qe wg).
c) frsar snligeow el pEHeNHEDTs .

d) fhsar @@Gmeanda o aareunilenars &mEE  (LP(LHELDLING S
(B4 & 61TlsDan6V.

(b) Pedlsadi@rm e 1qa(Si0s) CouGryp waftis ougourar ‘@our's’ Gt
oidd apésnp 2650kgm’. pai@ OpmEsons Jswdsiuli_ Sy
UgpLamienL W weoored enflsar { eTebeur wenlsEhd amHsip QO
LpLommLwmet) apésnp 30% SIONTSSEL WL WG STeTUILGED S

i) pang Opméswrs medalu’t @Grgrar wsmAlu, et
LOSTOTQNEDL U GIeUNTSSaTemn LosmRSEhemL I Lifhlosrsel siddureLnrs
sl F@sene rmios(GHIUS g oo eflerd@s. (2 Lersiiser )

ii) 2000pr sareusteyenLw Ceraismar A g Firiysush@ms Coameurar 2 mm
spGr&unar 1oswored OGUUEGT 6THSENAT TN DlGTTCTTANGUIG  GTUIT 6w
sefniGs. walsar CararangsllarGpamayd el b SIiULCL L(HIO@IEGSEE
FIOET sTaEYLh Lo6TTE) (BEV(S GB(HESLIGESILL L GEaah HmHElE e,

(2 yshsfiasir )

iii) 20 Bopi saeuarayeLw Qersama B g Briyashes Gsemeanurar 0.2 mm
Créorar wemwrs) wellBal STHSEMET 6T iewoTCUOT T GUTET 6T6U0T 63 6B0T
seildGes, weamissr Corarangelo@sarand el b spiUlL UHL@IESEE
FIOT GTATOLD LogTed HaG Qp(HEGLIGEIN L CEaraid smdls Cands.

(2 yeirsfimar)
iv) Qararemsisar A Gand B Gland o erer o_srem_d&l Qummarsst 50 dpmi
sarsusreysml_tu Gararemar C @ Gerlt u@dmg. C parg

GssULGEDS. C @ o ser wenh swamandar sareustay 40 Spmflgd
LT & (@GENDOILISTST FLOGTOIST DNDVG Sly arHTe elemt_smu  llere: s ejtb.

(2 yeishimer)
1 9.4 00800905 0.00090.6090998.0.0.0.00000¢0006.90000009.9.0.0.8080.0.000009900 .4
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