.@ @ OB JE0 BemEnn

@nB@ﬁOE mesegn 80w
send oD -B0De 02

gOme =Soieene 201172012

00153

CEX2312/CEX1330 - @-Beedtr g5 Dg @ B gotnes
mpe: oo 3
Eam : 2012 @ba 11 5&e) eBDo : 9:30-12:30 exce.

Do 'pbbim 5 gdme 8968 € o
eER oo oge A cmos oo B cmds cxmeds ecamdd cends ofaBn 68,
A emde:

00 ecmis BEn: Sprd gEensls. 7

Beg oce DD Bgadt comen. o Scacndd gy 2 aEs ged.
A cde oes O gney 088 20% 5 gred.

oEm gty 1 805 e angese BEgd sl ods gord gfels,

1. =08 ciEho godosd gif dnshond G808 dene eag 80 a dBosnss ;e b, o
o &P =adldmd moseed g o®m dSnsSdond o2 o RodD eme 80 16 B
BDogne nee? med QoINS Bdooe g/6 eb.

a). 2 b) —— ¢. a d). 6a

6 Jo

2. AZ tieed cifebo o0F edieos Heowm 80 ed. csoon eefeesn cp@o Qcitmo@caeﬁ 15)]
oEn cn ot cBad 88 BEOED enlade? et

]
-

a). b). E ' E

H
» D T » h
! 1./ A A A
€)- ET d). Ea A2 Grse
» h
H » h

|
@ CEX2312/CEX1330 - g:8esicr £0n Og @ ! 110



00153

3. BoEnd =oBumy oot qif g eon B8O gidied

a). © &oed medd By pwesEe.

b), d&oed mesn b BES.

c). EDed md Dy s,

d). mDdon Swen® OB gon 6 o 02 BSD) 6 D Sbon ng
BEDIEDTED.

4, o0 ofgBlon mpdbo meoe oebe g eeh of) g adets
a). o2odded mded Smsite D@ BoeRe
b). oPgined =O®D 2iE 5%
c) gDE®ded mled BePs DEwed Sdmon gf S0P
d) OgEped Em gf S0e®s

5. cgiedlm 5o Sxegin 6 & @ medisome +3 O graed ecREg mEE®

a) 5 8.
by 6 &.
c) 8 8
d 986

Sde gt 68010 i € i 98 ne SEqor Gosda.

6. @ OEs dem qIEED ey DS oI b of @8m aod. emy ené Omd eDg bR
me) @88, ey BEd D) ooos eiBen gedees cmeds? oo nf I8 bd Ogd
28 prinss wmehuesl gid i@ oomesin.

7. caifed weeioRd m FoPss S50m 550 cmemes Sy b eBDed Dads BEaed o
Spm BEgReD 32 on ¢m® adm wo, Sn Sxund dged o cwbe, ef o Befo
aascmnnd Ly baest gemtd Byon dged Eo O &) aPad gosNOEE Befo
oalammo mosiesin qiB ol omesSs,

@ CEX2312/CEX1330 - g-Beeicr g8n Og @ 2110



00153

8. "8d deed =ed.” ceEd oosim.

0. gegeDin Beomon q’zgaod gende e cHa oo ooes swedel mmesa. msSnda
8@ cO3 D@ |Emum 3 o ecsim.

10. feiCn 008 ogin medasd e D5 gud PN BE £ easol, B8 Sodedum
emdens oenEd mosia,

@ CEX2312/CEX1330 - g-Beeior £88 Bg i 3110



00153

B emom
Dent® g 4 w0 BSEMOr oswein. B emded o poacHd oeme gy 20 o @ed. B
emoe ocm B gl o@dend 80% o ared.

1.
a) ebtdd 5o0nd gud Pun BdPm Ddnx Pu Sl RN eNOSE 58 BEud
- 265 Sddsan moe 0 =08 RO =P 8. aidon o 1.5cm Oa gigd&cd
(zm0iBe 2.7g/cmd) OB ote moned gge gif Seoitn BdH glo. aono
eBzbivens G gid a@y Beded oned eammed. sged wmudn 1000kgm3 &)
moniDd Bbogne 9.81ms? 68,

i) SoHde & 00 gud cDan Dl Obmercs smesm. Sl odec gud Joed Jom

e@ene? (g 2)

ii) £068m oenEomOnd goe Sod O £50) anwed Semd BE obmmm gEsfes.
' (a0 2)
iii) poo ocos §Tn B @Bm 00 EIECE anmed cosdn emoesm.
(e 1)
iv) gIEDPEEE samed DO emosi. : (@epep 1)

V) £00 58 eonn B i moe cOpot cwom® (N O8s) emissln. (g 2)
vi) BdD) qif) @R mamc §m oOEed ddE Mol A6 oknn emmen, S

e ? (e 2)
- vii}e®® mmme Seded onped COIf GIKnHE & oem Hemd Be adoes g, Soo
BE eXe) 20 Ag emxsm, ‘ (e=en 2)

- b) Bb8eL mEste ewg ews BELRomme cdn ddndor B8 @mim. Qlb(a) droene
crieDe OLSKL misded §ern egimee giw . Qlb(b) disene crmeds BFeSDOENG
caiDm Sdnlan SiBeBE @Ry X,

i) PbEnDL mieded pdP Sx® e, (=eegn 1.5)
ii) gErm eciee Bbens mosm, (ene 1.5)

iii) Q1b(b) crsens cifede EFSOGMG coled DPwdnn emnds. (gmey 2)
iv) Bare scien ciefded eon BFSHOEN0 citel) sns Sdndorn emmaim.
(@eeg 3)

[ - I 1} mm ST

T |1
WETE R b fu
I

e WELERLDHEELL, o 10
5 o

Figure Q1b(a) Figure Q1b(b)
@ CEX2312/CEX1330 - peBesict £05 Og @ 4110



2.

a) 93% Bbeed coHx DEscn MEGHn e QZa Buess cred.

£onw . caeEestemes 109 Pa e e 106 Eem& EEse %
. Pa
&ees 200 250 35
ey D 69 55
0@ 120 150 45
gigEsnd 70 60-120 45
Bede 71 100 (=®wn) 0 (o®en)
emeyc 20-40 4
ebdesed (Perspex) | 3.4 55-70 2-10
PVC 2.5 60 2
eeBLOED 35 40 25
(Polystyrene)
eoBegie 70 60-300
ORD (eSomdm) 1(25% Eed® 32 850

2:858)

Q2a OgB

i) & ewg eng oded A0 o By oo oo goiw eoDd (Rear axle) ome @
orH)3E. 282 obeodd gint wHiie 0 con Hefn ouEd B ecPaosd
Bede goomt Dpnidigd. <8R cm SED Sy onh) cHxdo Seel ami) maes
B i swess.

(emen 2)

i) gp=o oqed ciledes =B qiglfnd o Sedt D Go@mnDmn =) Moos oEHo
eDem) 0D obe ed. agd qredied smg odm, o BP0 ScPa godad
Sem Dedt eme) @ cmEim. esh seefs.

Hed gBeaEidiBE | grEeds omde mos.

(emey 2)

msfo emdd Boefelt Ded c0x00 qigdBnd eme) wifed OB o g

(emen 2)

emeigo, Smg mond 080 &cbn qREd) e eeg) ©b.2 () 2qED and

emeido eom moan onffo gm ghed. Mmoot Pt muen cufc gl 58

e0180H. emxc wBnedt B gRn B no nues emes il smesis.

(emey 2)

v) @@ (Stiffness) enz@z& QEMEDIS c:c:,eéea FeB8ed om PVC B8 eEo®
(Stiffness) mtoref.

gEel. gom 2P mdele,

@ CEX2312/CEX1330 — g-Besicr ¢85 Bg qen

(emen 2)

Sede &) Dea e EoM O S5 O D o o= Ond dim cdoes

(e 2)

5/10

00153



b) Dieed BBwmm @)D (Young's Modulus) 200GPa & gwo ot edte (Yield
* strength) 300MPa e8. e it o8dn moas obuinnnmd msnn o,

i) mf Soto e 08 se gbd oDl (em=y 2)
89 =Onedens @@c =B gum He S5m P ) (variation) gie, oo cieds e
. SEM) e, '

i) guf® ect =T o, (@2ey 0.5)

iii) 88 emeac (Yield point) & go=8 wude (Yield strength) (gmey 2)

iv) goasd Sdimen Bedn s0mn @) GoEeiend (@nen 2)

V) ofmbe gdaBe (Plastc yielding) BePa soes (@epen 1)

vi) Bece SO=m (eep2n 0.5)

3.
a) menid S ape @Om mo oS ne Jie peeselin BEReD smm msim GE.
i) G ogod ng geguedin meBoces o) oS meEmon SIEIET o, O
weBded @0 DEon wedpnn OG5 eOnd 500 o ONDH exiem mosm,
. (@men 2)
ii) exeoi® Hok peguedin OB =RBn 8 md 08 coeDm mDE 25 Beee.
(@wen 1.5)
ili) peciBn ecod @ oSuegin 96 BEns 988 gegedim e geclksgim esnm
. waim @E. 20 otuimitent Dg S8 80 e oOBH (parameters) Ssfwo e
Omed gey ExoBe B8wd ededm. (emen 2)

- b) @oLEm Byed =08 §r 05 13 & HOP grHnoH oS SMad eoEngnm e
eRo oo Da aENoG Q3b tee & guded.

2500

1000

[ &1

1900

809 gulnod eBBe /Kmol”
%
o

[r3
=
=3

]

12 3 4 5 6 7 B 8 90 1112 13

f=al0) o0
o@® g oo By e peetedin Semon

' e, orms Q3b
@ CEX2312/CEX1330 - geBesior £6m Og men 6/10

00153



00153

i) Beols &g gOP gedwosk wHhn SFod g oP gond 88 ghoses 287

: (geeey 1.5)

i) coBEnd B 0P quinmddr Efo FHud o ediecks Da &8 corsd S8 e
Eefeed qu3? (emen 1.5)
iii) aBgds Og Q0P qrind Ko AXSes Bg 88 gowrd 88) &b Daes el
el ocmeedm. (eeey 1.5)
iv) @8ed Bg 2 o grinos eofc 8 Ed8 guSnosn enfc 6B ooese.

(omzy 2)

V) qIePSed g pdd gaow goSnoey eEHs 4 Defess Bgedgel 578, 1820, 2750
o 11,600 kJ mol1ed.

a) gomm goSinogn euifsl 98 aleel E? (@eagp 1)
b} =P gmgom gednogy euibs ePnens qgrEBSed Bg G.aEmSn
@etoeien. (@mezn 1.5)
c) Ebons a0m ca 80 golunodn coifc 0i 8. o
FIHPEnE D gb® gofitnosn cuifo Mg 20 28y of 8.
eEne ameeis, (®een 1.5)
c) mom cuieds 28 & goged qoens Smg SOme lq*caaca' euicdn, exg oetEQ
mOeden, . (emen 4)
(i) Cu?* and Cu* " (ii} H-and He
(iii) Band F (iv) Fe?* and Ni2+

4,

a) ¢f) g0 vy eEGn comoes Do guo e emendd wi) OEeD BmE) @,
2o f nb@ined? @ sgin nb@nedt qoes condee. cf gAPD gEoboens
&00 wndui(Fixed jaw), Sgon e @i @O (movable jaw), §oBBee(nut),
panoESadn (screw) o e@eos (handle) i (Qda otmc). '

b 'ﬁ
irpdeSEe

Q 4a Gz

@ CEX2312/CEX1330 - g:8etior £85 Bg o 710



00153

iy ¢ g@ed e comdo o) quued Oidny cod S8, 0P enjd) @BDD edg

eEneene,? (emey 2)
i) BEbe, gdndidad m adePD gem Oy enltm modn. Pud enid) @EPO
' eciy ecds. (emen 2)

b) abegn DEoe e Desl dHewwd @D GiB OO cEd ccon SStomd mesded
Bpac B0 cime modio.

i) =mbefss Sc@c @@ 08 gi-g emdd (terms) gbd cpibsln, 0Gn aobudn Dged
o ofn abegtn DEed Don omgeik, (eunen 1.5)

ii) Bod eBannn o ;b econd Pged ewics @ed. ndg Doo HEe mes 5B
eOmd Do mmdn P sdmon gie Diems SOm @Sy mosm.

(Gmep 2.5)
iii) Bedaecs &8 cOon 8/0L clmwn edly B oy oD 500 gPos Defes
a8 oomoek. (emen 2)

iv) Q4b Orsed ermeba =0F SON exdOeed 25N 2o emig) Sov gednoled
cadDoe @ gie, eme kB,

40° 25N

NNANN \\\\T\\\\\ NANNANANN

50N
Q4b or=m
a). Semd O wOaws g, Bog e ongy oo, . (e 2)
b). e=ddn @ =Ebn goo ofm abegy ooqnme emosD. (emen 2)

V) eecSm E0wedc absin Mbmee Do qodd g cxe) SO g wo MiE®
oee o £ o S exSeio. (e 2)

c) Seddmmeot 85 emeomed cadd 2 1 oo il dsbon Beud) 2PEE ebegue &8
So8E,

i) ez E8B cosod ege oo oo gD ces cemosn eeems eeein,
. (eney 2)
i) e@iSd of ol 9ol OED emeg) mem @ decdomnf). od OO oem

a0 03 eOmPD Heu ol Didgs eniy) oo eaomiuen B gf coese.
(e=en 2)

@ CEX2312/CEX1330 - p8esidt £ 5@ qen 810



00153

5
a) emafd o mads mepsn (composite) gPne. 86 emeng (unreinforced) emsSGE
o@ices (beam) Q5a Gized gided. gom BES ewdd ogif 890 50 O qoods 8 aren.

Oream Qba

i) eoR goe Bog O &F cohwnem EEE DO, OO emey cmaHo oEes oo

Bales emesier® oomesm. (ataeg 3)
ii) B0 emmug DELEE 3B mMEeDs DEHO) on @it peet eoid:) DosE. DD

exigan (i odos mDIoEES oeesn. {enz 2)
iif} (ii) & 2@ g PO cold) WiBP sem oy soes, ' (emezn 1.5)

iv) emaigd Becdd emg) odo £ eade? cmSEoog g gBesot e
on e emsHd BeedPd sme) wem oo 8 i Qoo ofm eaosesmn
eteses, (@eey 2.5)

b) 8og8s (Duralimin) os GigBRed g Dxende ob), Prodd m GEHEE oo
Bwernse & emd oy B8n cglon.

i) gEBBus, on, Bndd o) MmCEEod by gpunedin Dome Foek. (@eey 2)

i) EBEed egiwsd g6 Osle S6nd BO con cfebsn eutd DeE FIEBSHD
eme) weeel gl el momeein, (emen 3)

SEnmeeriE,
araciBncenecE
eoReGE eb@simecE
wdog D=

a0 on
Tt Vet St Nt

iii) qEE&Ee! meeames (malleable) &8 egiuws O 588 gon B egimed
masmte gitaes emedsid die edoms eoens swgsm. (@ 2)

iv) gigEfcs Dy Scgd osmmemn® kg egioed Sepn oemocnmd o8n oegedt
eIgBn gn egs chod emPses mEeId Ot aomeas minoens s,

(omen 2)
V) gieBind et 2100 °C o0 58 cddusd DEE oBnsh Senmo asiemens
o8, @m0 ey endsm. (@ 2)
@) CEX2312/CEX1330 - geBeeior O Bg men 9/10




00153

6.

) emdeods gm oBEmEE £Osvs Do guo O em=td O g eodecd cen DB
qemd egn cON. e eoiacs oEPDiR Sge nE Om nvded, S0 oo oo oEGom
20 PiOs e PiOyp 08 & 2xelBD sl mem D58,

i) eoidood O gpegticdie Somon 8w, Sais e MOLIm 8xed P emmDD
grEs oo 598 vefor moss. {@men 1)

i) € b @dedn 5g il codsod Og RO g emeam. {emen 2)
iii} e@® BSeEH Dg b DaDs eSmcId Goals, (emeg 1)

iv) P4Op €8y seed Eud eolea)del gdgwe (phosphoric acid), HaPOs e, a8
oem nin oBmisnn o, (amey 2)

v) cxdecte g8ge, (HaPO,)enifcd aehnall 8o ofGo: oo DBesiDond
2EDds emsiesd e,

H,PO, (aq) +2NaOH (aq}~————Na,HPO, (aq)+2 H,0 (1)

e®@® pBEmoD 0.500mol dm? g exifind afeDme8 eBenreisl 25.0cms f obes
8. cBEE v o exifed oBefhdnBd BPHE @ emesim. (@een 2)

vi) gon eoilnd aBefnolt 2080 nbo cfsbeirns® of8m wos emsemBes
68g 8 o eaxasis. (emem 2)

vii) eaifnl eaBshmall Paw ofgbiens® cota G080 goon aedsana
0.100 moldm3 8§ cencdeenDed gfp =028 mepen modsim. (eten 2)

b)
i) emBumad emie) oo od Bp b o gEetn ceomd Befesl cgn od B
weedE ) HSae o) oi) @ifed aBomD ed.

a) ©Er o nEd mes 3@ (infilteraton) naebs afHebses PREgIB

s O cmfnmd Dgoes emedell oneosio, (@epep 2)
b) 0o ©igdB gemma(permanent wilting point) we p@Sd omeden.
(@mey 1)
c) maEmbEn eon mf gbtun Sged Rgew® pPe? (emen 2)
a) eoPowed cos Doan § (well acrated) com g8 gPosm® ooes.
‘ (@man 1.5)
b) =ed Drac cbhbg SO0 edyde DD 265 Fos. (@epen 1.5)

@ CEX2312/CEX1330 - geBesior £on B @ 1010



00153

e

ON |

20}

E::mn_u: .

_‘or

wnsEEUsL

T T

u s3

‘LTt

T

o)

wnpoyee |

iy
g

E::mfg i

= E:_Ea_n

wnilniday::

Nm
E:EE:

E:E_E_Ea

mm

wniRae:

YOEZ}

aA |

0.
wrjgang -

Mm mn_.

En___._s

EBpRL
o_._

: ..::_E_a; .

Q5’281

8

. E:_manm%

n._.

E_._E._ﬂ

| gemsk

Nm

| E_.__._m_,zmm

_E%am:

LT
._n_

Ea_E%nm“Em

E:_._mn_

i mm_.

_m:_

E_._E_scn_

 [wnipdnbinun |

lzzz!

luy

08
uopes

bzl

v

58,
sujeet

50l

Od

Wwruojod

“B5'60E
g

hwsiq -

A 0TA

piel

BEVOE

ALtijjei);

501498 BPIUNOY X «

| sei18s apiueyIuE] ¢

g_::

N_;.

winjqunuR

wrjtmintn

- Ez_n_onmmm

wifignp

_mmm_

a7

£0F

SRR ..Em.m_

m @.ﬂm “
mm

E_.__EE

T Feal

wripusy

16'061

.___,_

F
E:_Ut_

mm amw

¥B'ERL

S6'0BE -
el

E:_mm:u“

whipiaisyn [

iy

E_.__ucmEm_ :

hm bil

iy

-EE'ZEL

uinjiegy

eg

JBEEL:

wirijssen

62'1El

)%

123

Loay

-08'921

I
E8

-Buipal

09221

I

4+

“iinlings]

n_w

fiowgue

LB

Uil

. EEPLL
ul

. mw
nijpiy

\infiipsa

Q0526

s ...A : E_.__na_:

Fezie

wnjuGaIRE

006’88

A

mm
WA

- OB'E8

[ 11

DAty

PIEEL

19

1 euuing

BE'8L

oS

AUNUSes ;

eea.FL

sy
£E :

luasE:

ML

mmu_

Ll Ez_;uﬁ.._mm.

mm....mm
e O”

E:__am

k58

uz
0E’

DUz .

" .._muauu

mmm:mm:m_.._._

Anjuiolga

- EPE 00

N

‘wnptuga

JECFI]

1L

WU

RE
98

[WRJPUEDS .

8rG 6t

__ .._4,

_.EEm

EEVSE

.._O

m__.__.__u__._n_

580ZE.
S
9l

nyng.

Rz
d
sl

S0t mg._mw

mmm mw

E:.__.__E_.__m

" Y oaroz

~[eN

_._Omr_

"-BEE'8L

6

auganiy

“ " 668Gl

P

 usBoi’

“kIR0L

iidlog

. 9200'F:
o mmw—n_

E:__m:

29’18
1S

wnjians

I

g
WP

BIDOY

HE0 6t

6l

. Lnjsseiod |

owe
EN

witjpos

§¥6°0.
_.._

E:E___

640Gk

H

L

| ugBampdy




00153

THE OPEN UNIVERSITY OF SRI LANKA

FOUNDATION PROGRAMME IN TECHNOLOGY - LEVEL 02

FINAL EXAMINATION 2011/2012

CEX2312 /CEX1330 - ENGINEERING PROPERTIES OF MATERIALS

Time allowed: 3 Hours Index Number

Date: 11t March 2012 Time: 9:30-12:30 hrs.

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

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

From question 1 to 5 select the most appropriate answer.

1. When a horizontal force is applied to a certain mass near the surface of the earth it produces

an acceleration ‘a’. If an equal force is applied to the same mass near the surface of the moon

where the acceleration due to gravity is —‘g—, the acceleration produced will be;

b.

m %dm (= W}

c.
d. 6a

2. A ball falls from a height H from the ground as shown in figure A2. Which graph correctly

represents its variation of total energy (E) with h? o

i ° O
H

E
E —
4 I I rd rd ./
Figure A2
» h ‘ h
H H
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3. Atoms with the largest atomic radius are located;

a. at the top of their group.
b. in the midd]le of their group.
c. at the bottom of their group.

d. you cannot predict the location of the largest atomic radius within a group.

4. The periodic time of oscillation of a simple pendulum can be significantly reduced by
a. increasing the mass of the pendulum bob.
b. increasing the volume of the pendulum bob.

c. deceasing the amplitude of swing of the pendulum bob.
d. decreasing the length of the pendulum.

5. Anion with 5 protons, 6 neutrons, and a charge of 3+ has an atomic number of

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

6. Ropes made of Coir are used to draw water from wells. The short strands of coir are

entwined to form the rope. Explain what gives the rope a high tensile strength. Discuss why
coir ropes fail faster when wet than dry.

@ CEX2312 -Engineering Properties of Materials 2110
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7. Crystals of sodium chloride and diamond both have transparent crystal structures. Using
your knowledge on physical and chemical bonding and the molecular structures, explain
why one is hard, insoluble and a poor conductor of eleciricity, whereas the other is soluble

" in water and conducts electricity under certain circumstances.

8. Explain why ‘Ice floats in water'.

- 9. Explain how you would identify a transition element based on it’s electron configuration.
List 3 (three) characteristic properties shown by transition elements.

10. Alkaline earth metals are comparatively harder and possess high melting points. Explain
briefly the above observation.

@ CEX2312 -Engineering Properties of Materials 310
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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 marsl.
1. (20 marks)
(a) Archimedes Theorem states that when an object is submerged in a fluid, the up-thrust exerted
on the obj‘ect, by the fluid, is equal to the weight of fluid displaced by the submerged volume of
the object. A cube made of aluminium with sides equal to 1.5cm; density = 2.7gcm), is dipped
in a glass of water. The cube is completely submerged but does not rest on the bottom of the
glass. The density of water is 1000 kgm-3and the acceleration due to the Earth’s gravity is
9.81ms2,

i) Explain, briefly and in your own words, the difference between mass and weight. State

their respective SI units of measurement. (2 marks)

ii) Sketch the free body diagram for the cube indicating all the forces contributing towards
static equilibrium. (2 marks)

iii) Based on the said principle, determine the mass of the aluminium cube. (1 mark)
iv) Determine the weight of the aluminium cube. (1 mark)
- v) Determine the up-thrust (in Newtons) exerted by the fluid on the cube. (2 marks)

vi) If the submerged cube is hung on a spring balance, state what its reading should be.

Also state its units of measurement. {2 marks)
vii) If the cube is placed so that it rests on the bottom of the glass, sketch a new free body
diagram, indicating and quantifying all the forces. {2 marks)

(b) Vernier calipers are used to measure the diameter of a cylindrical rod. Figure Q1b(a) shows that
the caliper has a zero error. Figure Q1b(b) gives the reading of the vernier caliper for the diameter
of the cylindrical rod. '

Figure Q1b(a) Figure Q1b(b)

i) Determine the least count of the given vernier caliper. - (1.5 marks)
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ii) Determine the ‘zero error’ of the calliper.

1ii} State the diameter of the measured cylindrical object.

00153

(1.5 marks)

(2 marks)

iv) Taking into account the zero error, find the actual diameter of the cylindrical rod.

2. (20 marks)

(3 marks)

(a) Table Q2a shows some of the mechanical properties of a wide range of materials.

Table Q2a

Material Young Modulus 10° | Tensile strength 106 | Elongation %
Pa Pa

Steel 200 250 35

Castiron. 69 55

Copper 120 150 45

Aluminium 70 60-120 45

Glass 71 100{about) 0 {abouf)

Concrete 20-40 4

Perspex 3.4 55-70 2-10

PVC 25 60 2

Polystyrene 3.5 40 25

Nylon 70 60-300

Rubber(natural) 1(25% elongation) 32 850

i) Leaf springs are used in heavy vehicles to support the rear axle. This also absorbs

excess energy to prevent sudden jerks, causes discomfort to riders. Explain why leaf

springs are made of steel than cast iron? (2 marks})

ii} Aluminium and glass have almost the same values of the Young's modulus and tensile

strength. Explain why glass is not used in load bearing applications?

ifi) Discuss the advantages and disadvantages in using aluminium instead of steel in

manufacturing mechanical components, drawing your conclusions based on their

engineering properties.

(2 marks)

{2 marks)

iv) Although concrete is used in heavy load bearing applications, Table Q2(a) shows a very

low tensile strength. Explain how you could overcome this disadvantage. (2 marks)

V) Explain the property “stiffness’; compare stiffness of aluminium and PVC. Explain your

answer.

(2 marks)

vi) Sketch on the same diagram, to an approximate scale, the observed variation of stress

vs. strain for glass and steel. Name the axes.

(2 marks)

{b) A particular steel has a Young’'s modulus of 200GPa and a Yield Strength of 300MPa. A bar
made of this steel is subjected to a standard tensile test.

@ CEX2312 -Engineering Properties of Materials

510



00153

1) State Hook’s law and define the terms used in the expression. (2 marks)
Sketch the variation of stress and-strain you would observe for the said test;

- identify the following:

ii) Name the two axes, ' (0.5 marks)
iii) Locate yield point and yield strength, (2 marks)

iv) Locate the range of elastic deformation; show how Young’s modulus is obtained.

(2 marks)
v) Locate the range where plastic yielding takes place. (1 marks)
vi} Locate the point of rupture. (0.5 marks)

3. (20 marks)
(a) The Cathode Ray Tube led to the discovery of electrons within the atom.

i) Explain how a beam of electrons can be produced in a vacuum tube; describe an

arrangement by which the beam may be deflected by a magnetic field. (2 marks)

if} Describe the evidence, which confirms that cathode rays are comprised of electrons.

(1.5 marks)

iti) Millikin succeeded in measuring the electric charge in an electron using observations
made on charged oil droplets. Describe the parameters he measured; and conclusions

reached. . (2 marks)

{b) Figure Q3b shows a plot of first ionisation energy against atomic number for the first thirteen
elements of the periodic table.

2500

2000

-1

1500

1000

Firstionisation energy/kJmol

500

]

1 2 3 4 § 8 7 8 8 1011 12 13

Atomic number

, Figure Q3b
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With reference to the electronic configuration of the elements, explain why;

i) The first ionisation energy for neon (Ne) is lower than that of helium (He).
(1.5 marks)
i) The first ionization energy for beryllium (Be) is greater than those for lithium and
boron. ’ (1.5 marks)
iii) = The first ionization energy for nitrogen (N) is greater than that for oxygen (O)
(1.5 marks) )
iv) Compare the second ionisation energy of lithium with its first ionisation energy.
(2 marks) )
V) The first four successive ionisation energies of aluminium are 578, 1820, 2750, and

11,600 kJmol? respectively.
a) Why do successive ionisation energies increase? (1 mark)

b} Deduce the number of valence electrons in alumininm using its successive

ionisation energies of aluminium. (1.5marks)

c) lonization energies usually increase in going across a period. However aluminium

has a first ionisation energy lower than Mg. Explain why. (1.5 marks})

(c) Select the larger radius from each pair of atoms/ions. Explain your reasons. {4 marks)

(i) Cu?* and Cu* _

(if) H- and He | ‘
(iti) B and F

(iv) Fe?+ and Ni2*

4. (20 marks)

(@) A bench vise, a common mechanical device that is used to hold a work piece stationary. It
is an integral tool in ﬁmny woodworking and metalworking applications. A vise essentially
consists of a fixed jaw, a movable jaw, a nut, a screw and a handle (Figure Q4a).

_-Jaws

,
22)
Y

oA F A

e,
i
27

ICERR

Screw

Filgu_te? Orda '
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i) Usually the body of a vise is made of cast iron. Cast iron is a brittle material. Explain the

reason(s) for selecting cast iron. (2 marks)

~ ii) List the type of material used to make the nut, screw and the handle. Explain reasons

for selection. (2 marks)

(b)  Friction forces occur when two rough surfaces in contact attempt to slide relative to each

other.

i) State the law of dry fricion. Define the terms in the expression. Explain the difference
between static and dynamic friction. (1.5 marks)

ii) A horizontal force is applied to a textbook, lying on a horizontal table. When the force
is increased it tends to slide along the surface. Sketch the variation of frictional force
with time. Identify on the same sketch the points that highlight important changes.

(2.5 marks)

iii) Explain why it is necessary to have sufficient tread on all wheels of a car especially on a

rainy day. ' (2 marks)

iv} A 50 N box is made to slide straight across the floor at constant speed by a force 25 N
(refer Figure Q4b).

400 25N

NN \\\\\l\\\\\\ ANNNNNN

50 N
Figure Q4b
a. Draw a free body diagram; indicate all forces and reactions. (2 marks)
b. Determine the coefficient of kinetic friction between the box and the floor.

(2 marks)

v} State two instances in everyday life where fricion becomes a hindrance that we have

to intervene to minimise its effect. (2 marks)

(c)  Lubricants reduce friction by preventing direct contact between two moving surfaces.
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i) State two examples where water is used as a lubricant. (2 marks)

ii) Boric powder is a solid lubricant used to apply on carom boards. List reasons why g

water or vaseline can not be used in place of boric powder on carom boards.

(2 marks)

5. (20 marks)

(a) Concrete is an artificial composite. Figure Q5a shows a plain concrete beam, which has
failed due to the formation of cracks.

Figure Q5a
i) Explain using a sketch the reasons for the formation of cracks described above.
(3 marks)
ii) Suggest a method to prevent the beam cracking. Sketch the sections of the beam you
have suggested. (2 marks)

iif) Give reasons for selecting the method proposed in (ii). (1.5 marks)

iv) List the ingredients used in producing a concrete mix. Compare the engineering
properties and characteristics of hardened concrete with the properties and
characteristics of its individual ingredients. (2.5 marks)

(b) Duralmin is an alloy containing aluminium and small amounts of copper, manganese and

magnesium.

i) State the electronic configuration of aluminium, copper, manganese and magnesium.

(2 marks)
ii) Describe the bonding in Aluminium metal and hence explain why it is selected for the
following applications. (3 marks)
a) Aluminium in transportation
b} Aluminium in packaging .-

¢) - Aluminium in construction industry

d) Infrastructure

|5
@ CEX2312 -Engineering Properties of Materials 910



00153

iii) Using a diagram, explain why aluminium can be quite a malleable metal, but the alloy is

much less malleable. (2 marks)

iv) Using a diagram explain why the electric conductivity of aluminium is not appreciably
affected by the formation of the alloy. (2 marks)

v) Aluminium oxide also conducts electricity, but only at temperatures above 2100°C.
Explain why this should only happen at a high temperature. (2 marks)

- 6. {20 marks)
(a) TFhosphorous is an extremely reactive element, and the common allotropes are red phosphorous
and white phosphorous. White phosphorous is kept under water since it readily starts to burn in
air to form two oxides, P,O, and P,0,,.

i) Write down the electronic configuration of phosphorous and hence justify the inclusion of

phosphorous in P block of the periodic table. (1 mark)
ii} State the oxidation state of phosphorous in each of the oxides. (2 marks)
iii) State the bonding present in the oxides. (1 marks)

iv) P,0,dissolves in hot water to form phosphoric acid, H,PO,. Write a balanced chemical

R ' equation for this reacion. (2 marks)

v) Phosphoric acid reacts with sodium hydroxide in an acid base type reaction to form
disodium hydrogen phosphate.
H,PO, (aq) +2NaOH (aq)————— Na, HPO, (aq)+2.H,0 (1)

25.0cm?® of 0.5mols per decimeter cube of sodium hydroxide solution was used in such a

reaction. How many moles of sodium hydroxide were used? (2 marks)

vi) How many moles of phosphoric acid would react exactly with this volume of sodium
hydroxide? ‘ (2 marks)

vii} What volume of 0.100mol dm phosphoric acid would be needed to neutralize all molecules
of sodium hydroxide? ' (2 marks)

(b)

- i) The most important soil characteristics influencing farming are infiltration and water

holding capacity.
. ' a) Explain what is meant by infiltration and how it influence farming. (2 marks)
b) Explain what is meant by the permanent wilting point. (1 marks)
c) Explain the effects of excess moisture in agricultural soils. {2 marks)
i)

a) Explain the importance of having a well aerated soil for farming.  (1.5marks)
b) List two situations that can give rise to poor aeration in soils. - (1.5 marks)
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