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(a) e-O@ er8rlec66.oi ogg 8c^:c.ro o69ee, SEqcdo @or @Od oaCgO eoor2ezro3 SSOO gdO oOeer c1zr.

rg-@@ 8ouc,-JA qdplo e@C qr

(b) gd erclcorsrc,:C al1EOO o@ccg-eoczanlO oecJ, e,s.r2g:l qOeddcO esqoli eols)es?tJ eq o8rlelcrcrrJ@nr

qlog]o@E drer eeOorrrrC eraro s.erzrJCc q1E o@eece @ol gQzrJzl. oocr:Jezrl gzsleruocC 8o e8zr 69q 1,

eeor /r(e-lOc Ecoc6l cr"qgzr Qo /, oges ozdo.)eoozZcjzt QcoO6l d1e ee.-,e^ozrl Ee-,1,5Q cJ ezD€ ocj:rfrr.
qSra@ r:@ zsdrrJzl.

(c) e{cJEc^r eroee?tcr E q,E Ea Lruge;l grsccooc.sni m, M aa /1 ctt"c,godzd @ccc qCozdm.

(r0 o.O@ er5Cecooci Q oO gCorrdc.:nl qlQca ge ccrS 8o:rJ:1. lreltsl lreeqeor oOrsred e:cc)cozo c.rogols{

olEo@ Q ."rO EO O god ozsCgoO zg@:r eddc:rcs gO SEqcdo @o ardzrJorJ q?

(e) M CroaJocs o-eeE@ esqor clO E8?rJ (l) dlerocd oerzrJOc q16 qcrrrcdoc.C gedordc.:C qQe Cr@oe
os18 Szrzrlzl.
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5.toJ

rJc-,8Oloc^:C ccer clogg;a1 tr,r3o<r.ccz":i oC EpoC o@<fnl geJr cr.ozr Q qrA:oo6clzr drso Qoola.";l__-
Crs,Corcr oesEoo, 9du cloem rttar. € qt6 o@Aca eo8niJ q1E, oces6f Egurordo.cJ tnrEo'r :sroo aro
cJiJSOcn qlog]Onf r5ze.rocJ QrCoD. zrr@3oo 'f gro6c^:zd,^:...,or:J Au,t B ocdq oqrrr efzrd q(q glal- e.O(

q1OQo.@ A oa4r2D qt-lg Oor qoro B oado2e) Ogtlcs zrrg aolE a. M at6 einrrJcJo EOgmo ord@

z;r@Fcr-ci qcorEc^: o.C?tJei z;re or15 ca. qzrJ?rr./ee"ourocszs{ esEor eedggd OAO eoeeos Et?r.

nr@3c^:

A *-ereoJ ejtsaj-f:l

(a) c,'@@ e:SCeggod Q ar,JggC nl@e:zrrcl 55@ Sesc qOO Oca"lo"C q1E e.,zdozr} qOzrr qrzsrdocC o@er
-()

(h) qreaSo 7'o?t) s-Cfl gfQ rsr@e3od darrs Qconr cdnrzrJc^.rcs nrn@, zst@6o.J q1E uzrr Eboz:l rad"oCg
o.otoo l, coqolr gzrccooc:rzJ I too /n qteoo-Jzrf @or qCerzrfor.

(c) ees o5CcvdoJ { oqzr, ( q crJqg cs@a g@rs, eJidocczrf o2zt)l or' cr@6o'ci apzr,rq Qo t1

9iE@O etdo 8c,s@zrO .1t.. ge?tJoq qOaddro q36lr colE@O olooc$ o-e?tJo3 q1E e8Q
rs,tJm 63q esdpggnl zrlAOO (A), (B) eeeo ((i) zn@ pO a2zrsl EFc.: err8 Ao Gea.uocsnl oc,cid
rro-$ cc.

/
z---//

//-)\ ,zsro8o

"/ /

(A) (B) (c1

X )' OO8@c:rr oerOOoci esaeddoca?tJ onrcOeenl Edledc.s ard8.

(A) eedgg X/ C a@Onra ao XY eeOco edertlcoO ra16@

(13) oodgg XI O g@eJzoO Xl'eeOol ede:t5o oocO?r o'C q6fgc 80@

(O) a:dgg cftQ o@6oo aelgaf g6fgr 8Oo

(-l?t!2tr)\"3 crqe.J (1989 Sdo,rJoof 1.er.r o16o- srogan.s zo,Jzrr g<. e^rJ3e Z'(A0- Je, ?:rLr €c
z:;o qz2odzri 8:r@ p@ce cr'oiJr oa$o-zrJ C? I(A) o-ali (U) o-arC ((l)1. ot.O o.C$@c-r o-erJqel e-Qzrlzr.

(r, g2?rcE goeddoO erSCce,oncoJ@zo O qzlcCddcs zsrd co160c) o@@ oSdevdocC Q ecr) cec@czl

tnrOor zndar qe-zrrC q8o@co @c^:c qCordz::.

(c) godoQ qp1?mq qOdOcO q:lcOddcll ?Dd (D18OO e)d qpr:r@ac3 ztd?t gcJrar eSnlee

8c,:e-tde-,6f @c.tc qCozrlzl.
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(r ) o.OjCi'O@Odo-cd cerdc.zscs V q q16Oc5c-r atdotr r)ctJrO

,-l ( gl(,-Jz'J @c^rr q?5felzrfm.

t"^""
f q m@, f esqeoc g?occztrcczit V, r,rr;,rr, nl]il;t' l.-. -^

(d) .r-oCrlo..:g { ecer,.r.rrieretr8 *O.O ga3or.rJ.^iri ciQo esqen: (r')E gzsr:oano zrr(Jrt, eenc:r{rr.'vff

(r) ,eeozt (r0 E q dq3ctr'ore-Jralq ur gaJocdo.oS orlOo eeto Q ,TrA qCcl er{,;6.r oor qQrr}zrr.

T;v

I

v) geJoud-'ozr{ 1^?srefrr J.c{ Aq;E. OorrJqJ
qnlorlzl.

R

esdl r0 qnrd ee@OzdcJtaro q(?sloOar g:orrozlclC @<lr

(,q) c)6ro tq>ccor.JocJ Q er5Cero;arsl 8g lsrd -a1aa (e) E esqorzri ng gedrari5c,o qrq@O oOccc qiCzr@,
R eeqarc 9d ercto :sro6 g8zr@o zl9 z:rJrdzl.

(h) RugEodCcrc.: .?aztf (l) dloocJ Qtn{o-e)::: eBsdcr'<lrrJ oooJ zsJm eqrS Szlrr}zl. ro = 1000 f2 o6;e:

(-ltrziJ6qeJolclr a 5 oizr. eeoar eeqenrd @JdOc,oolOe Eoogtrfelorrl e,:13lozdar.

. o.OC6-i'e@Odo.d ;Sc.cE@ (V, <^:18 6c.rp)

. rr-OjCO6OiJc.c erSe:0oc.:zrf goof rs'g 3.-, XI eodotr q1E e-t:rr oet:l6jCc,rato (V, c,ri8 E<,rp)

. qtnlzdorJ gSoddrJc.: l0 MQ i)r: eo.h)rjc,rel a)p]godcrtsf e,pl XY g).jg)r e.Oer?tfc..i log;cr.atrof

Og6.-rJo-<lE eec0roroc! (V. o18 6<tg)

Eo,Vt,Vruel Vr, eJOcrr-cJ Ecoc6-]erjOorl q:rcr.rJJeo<6 qrrsr:rcJc.:O 8Crl o.cj p,ur .;Cr,,zdzl.
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fu @ ffiffi etffi@/

B omOco - OO{'J
gcdor OOdOO o@erzJ 8€edr eeercs?tJ6.

(cOdroJod z:JOd<6cs, g= l0Nkg-')

5. 'dOOcdcsd' ce€ ococOzr(Ee eeeo oOannl Ogeocszr3ocd grrlEOcd@ eeqeoc 01@ ogeo
eogrrJOo zD€ oeJco€cO pg,O 6CEOO ococqc orll:nc q6zo tocdc,gE. (1) dteroci ooziJOc

q1E o6Q, odOgcozd @6rd d@Ocdc,: geog,O OeeOc qo'reo16cs EO Oo <gdlzslOc.r c.rOoo.J

Eqeooc$ O13 zogoO 9g.oJ co1oO. zoqqO ocsi@D coi$dzd oerooglO qgO r:letg O?ti

oorzd o@@ SocO@cs nrlOot r:l1Ou, 8g oroob.

(a) adzozrlOct M = 800 kg Q d@Ocdod gogO OerOc Aal erg edzoalOo m = 24OO kg
p 8@rlOdcrocd SdcJ zoElOzJ 9oO h = 5 m 6,eezo 8O EcdOgo;cOocsrJ OloOrr
gOedOcOz$ csgzoalar.

(i) dOOcdc.s AaoOOd erOEa EO 8g oar od8 e:6oboarcs arqeoni todzlJar.

(ii) o€OO o@coeocotzoO ood d@Ocdoci oOoo co'6?lico zodrs.Jar.

(iii) o4JOO oOcoeocr:lzoO ood d@Ocdocj <o@rsorcOocd Ecocgr:'fOo co66)c3 zodrrJ:::.

(D) zogoO pgar ar@o o18o@zrJ erg dOOcdo cr\eer€c orncerErlr qotd d oOpOO do
otOgdOoi zD€O €o@co eJsbcoO zoqlO 6ocog,cO qg,O 8dd O dg,oO cs18 6,oro6ferz:lcs zodzrJzl. o1Q@ 8g
E o@coeocoroO og er{OEocd co@BorcO er@gzd esoeiSEzo oO o18 q 6,ozo6foatce zoda3o. oeoo esqeorrJ

qt CD65)cs zodzrjal.

(i) oq?o@2t} ogcoororzoO og d@Oodce es@co roggoO oOcocs

(ii) olQo@al o@coocozoO erg d@Ocdc: er@ro zoggo8 Ocgzo oz$Ec:

(iii) dd dzJ oqf,o@ E (b) (ii) I co.6arcs zsdz:: gq cozdEocs?iJ 4O7o d z$€o otroogoo qgo cslE@ eeqeoc

gocoCdarOol oger ocEor zod8. EBo@ ded colQ@zoO erg zoqgO 0.2 m d oocogoO pgO <o@zrl zod8
rrrg, zogO @ot @oc zodat gEodCO Ogoc:8 eec@cz:"r>cs co6?lica ndrrJrr.

(c) (2) dle5oc3 oe:rrJOc q1E gczocdcsO 6co l0 m eseo qdcs 0.3 m p eJzoczocd 8€aJOdczocd

@ zogozJ ceOgbooc:ri @ Or€ oeed qgO o5fg zod q18 gOedOcozf eegzoa.in:.

zoqgo (2) dloocJ oelrJOr q1E qOaj<9coO orOc colEo@ Q OoO q6cs eo18 6,er6@
tr,c6cs F,

F =Arfr+Auf6-IVo6ar €Ecs eorE ce. o@E WcaZ ?D€oO ad q Arcsg ees

ee9co aJobco E q.E zD€oO Op oaddo-cdObcodgcs e4.A zoEgoO Op eraddod
dzozs ObodgcszoO q1E gEodCO Ogoo8 esc@crlr>c,s Q Aa 6€ ?D€o.O ocqoO
eode&oO O5odgcr g -frc'p oercog,coOal zs€oO ercqo@E e9zozo Obcodgcez$ Or:l

g1E rodo: gEodCO Ogoo8 eoc@cannco q oO.

fr=5x l04Nm-2, f6=2x 106Nm-2eeeo @og esror:Joco 8x l02kg.-'E
ar@, zogO esqeoc F E gcocs cD€62r'rco ndzs}o. n E grocr 3 ogee oala.
dzo OzozJ (c) I ocSor zs€ uo€OO ar@ca doeotl} (c) I tocEo: zog zoEgoO

gdocszri gbOc,rzoO es@czl qdcs erE ?s€ eoodzo e{OEcld 01@ ereezJ qg,O .,..1

csOgboooal @ olCg zod q1r:r. o@cs go@rr} ftg 80 oeeoztrztr qczordcs

(3) dzerod oe*dOc g1o.
(3) dzsce

(i) geoor (c) E Q qE er6Q FO A"fs,Aufuc'a- Wooocs?lJ ee"doro q:::ad

q1or. oO@ zogg eooob er{OEo, gQE8@zoO oocqc coo} 60, 9oo (c) A qOadOcO es@o eeleeQo@ Q

zoq! eoorob o{oEr.: esqeoc F I eB@zlr erodOzoc.s oE qcocs o18 E8@o qccstor:}Oc,s qdOB qf

(ii) zoqg eooob o{aEcs esqeoc F I goo co66)c,3 zodr:i:rr.

( I ) dzercs

(o

(2) dtec^:

[elOOeS 8QO Oedo.
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6. (a) (i) zrcEcs 96 f I qE 6r:Io16 zococszJ ordg qdEdeocozJ oges ocEo zod8. Eoq qadOocd goo gd D e
g{oe.ezl EBzr} a:dg qedEnlecs tocEorocsrtJ erlorqe gEF@OozJ q8r:: gOedOco eoqoc Ed<s esOeroud
qq?t}al. g1ee, /eoc D E B8A@, e:reorqe O eA€ zodrl}ar.

(ii) atdg q<dEadeozo ob6o Eocg?tcs esqeoc gzorcoa:csC f ac D qrgo.d?r3 ogoloaJo: zodrlJa.
(iii) eoo (i) I eoqeorrJ g{cogcsc EBzr} goc zqor qzBdl EoE@ oqroc rlcEo gd l0 cm rJ g e8 eeiJr:>e

zococsd eedg q<dEdeoozJ oges tocEol zod8. qzQdzo elreotQe gEF@Ood oerS@O zocOoci 80 gzqdO
qiE gd zB@zd 8co $e q? esd6 qdEzJeocJ ob$cs Ecoogzlcs co€b?rcc ardaJor. D E qtclo 2-5 cm ogeo
coajo.

(iv) ozocqzoccoc6r;,z:l otOc q18 oecdc.&ro o.6fo):oc:C qrCCeoc ?od cDtEO eeqoc asmzo@ 2 cm p erodqaou
8gd1 oeoQOzd ocEotocsal do dcp tod g1o:. d@ o6fo)zl:cs 8gd1 oteoQo8 gteC 9gg- ee@<o aierbroO
gro:r8 6,ozo5fetzlcs ardrlJar. EgdlOg Obozl g.zoce l 6 oges o:l}a. 8gd1 oeoQoO gqS e:addod 8O
o@O o6fOa,rocd qaco> 8EO@O qrE gd oescozr3zr.r.

(v) goor (i) I oqeo:r} g{<ogcsco (iii) I eoqeord zog csdg gdErslecs tocEoroozd o@@ o610oo SooaJoaJ
cs18 es6oalal.
(l) dO g{o6coco qzBdl o1eo1Q@ o oerozrr:"r 30 eocOco @Err3 q18 zog,, o6fOr:rod gEF@aoO zocOod

80 q18 gd zBOa$ q?

(2) oCOarod gzBdr esrorqe O oe:oarrlr EO tocOocJ 8O o6fdr:csO qr8 gd zn@d q?

(b) (i) 6,eozlot eoc qoooor oreorQ€ o r:@ od6al a:aJep go-bz$ecezo csc@crrll: 8d1@cd1o eeqoc co0gsor
Ed<r eeoeoa"d gqre Scsg @ Qcoo6l qzJo6rd gQa3a. fo*t f" 8@oo@rrJ qOoaor:'I eoc 6,oor:rooi
acEcs gdO6f ogeo ror:fzrr.

(ii) eeoor (b) (i) I gq?tr eq Ed.6 esooo 6,oooC8 zod oE@zrJ gobdece esc@car> Ed1@cd1oO qiE Eo
ozoi&zo Ecocgarcs eoqerr g?occozaoz$ Ogr:icraJrll zodzr3a:r.

(iii) r::cEo gdo6! 100 cm eoc l0 cm p qE 6,nJoe zoco oqzod tocEo zod@:rJ zrzdep gobzJeozJ escqc

q1ot. gobdeo esc@ca> Ed1@cd1o8 q1E EO ozsC.&zo Socgano co6rlrc.3 zodrl3an.

(iv) rr:aJep gobz$eoro gOoarr:l o6ce EOd obcoOgo Eocg p enJoe zococ.:a$ ocEot E8o@ gcoceC8zo

Oc8c.o zBOz$ q? OoO SgAd erzerrqe rifiala.

ereoo eeqeon$ odqcs EcsOc gcdz::OgO 89eOt a:ercsoftr.

EB qoxsacoSni oocdo zogzod go{roog SgOa @cbco 9Q88@ OtE csSorg ereogeo@ ot6 Qg€ E5@ Eesc
eroeeE g1E Oar qa4dcSorcO, @c5o Egc O1E@ areo rlrcc3c:1O O1E qSozod arr:JnJoceal qrE zD€ eolE cs. obec
zocgOg Q accsc.:1@ doO oOcoeoC go{oOg oecg O>eors:cad aOO qrr} erz:} O qa-. etoeeE de$ 6"6OrocszJ
Ozl Or€Oe cdOc8zlcO Or€Oe q1E d6o g@cocs @zl @eor:J oad dqc sOE. oor:r 01@ 6,ooceJ8 zod 'O1@

@c@coc' o1E Ogeoceal ocorO:lcoc g1E Oa1@ qood orr)r:r eoeo Ecs@ O1@og qcesd6 e6 Ecoce ogee oOad
aO qE. orlo O1@, 8gO g.o ar8r:l 01@ @c@oc ococOa:16@ esqeoc o.cscqr oot eol8 rr,lpzsi o@@ @csco@od
Q E.t€ 01@ oocqc or:J Eo ee@gboocsr:.i @ codcolS@zoo ezd oO. cgdlr:locs, cobe,6o eeeo oad8zo gcoEo
o1E oocBzo EqlscoO p€ro ee.zo6le @6zrJ ooarS oeoC 01@06 aJdc8r:lco eoc ee@OaJo es.8{SzrJOg ce@eod

qoo erleolQ@ zo€, or8 6.

e:oo esc@carrsocsrsi o1O, odczlJ@O eeeo 01@ OrE E8o Scoc3r:locszllocoal goi OEd@cs qocgl:J eoeo Eo1e3o@al
gzJn @g<rcszf e,sEb eeEOd @cOrscsC o8. 1 (a)

dloocd oera3Oc giE er6Q EO1e3, dgco oeoC Ocz:rocgrlJ

88 erOE. eroee8 eeEod aiotocOc,o oercog,cO @ot g15
Od Ogeoor:l ES csc@ O1E gcoceC6zo olOg ErE zo€
eo18 o. o.@co qrE OaJozd oocogrO @o: q1E qOzo

ocdceal @6aJ eroesS SOrei oOSOarce zodm Seoc co.

Scec zBgozrS EleE@ eseo Eoncopglogl zB.g zorrlq

ereo 6,@c Ocs 6,@co es6e:ooi oe:cog,cO E6c O1E@

o@ eeqoc 6,qca,6o' SEe:c:8. ocsro ozoi.6o (repose

angle) eoeeE (oeoi or€oe) a$dcSorco E66a r,fir.>
oozsi olqcor:l esdc@EcseS o8. Ecs€ ered Oc6[ozJ gaa)

es@o6 5@zoO 8ed zsg EO e:aj eocQ eeeDgoOzd @ede,oc

dOcod dSoozo qord csbe6ce Eoc (2) dzeroci

Qiz$oOzl e6Q ozJo;zo qczocdod era9ococOd eecq8.

c ozoiScs, ococoOE cocszt'r ozsi<6ce oets eogrrJOz:l

qo'ld dce c.r@ gOrscszoO eezqcs torE Egol@ cdOc8

O4Q@ oO. cocsar ozojScs 016 zod@zr} O4Q@zo otiJoC
eoErlr eed 9Or:l 85@ AlpoOB geddcOd eiOocOcaaJ

Et6 ?Dg' eolE cs.

geog, @cOzocs

ereoc @co?Dca

I (b) dzsce

7.

dg oedp

e:ai (oeoi Ot€) oto

I (a) dzece

(2)6zec,

lEoOc6 EQO OcdeD.
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eroes8 qrE Or€ eoSOd @cOxcrC oeee te1@8;5 eD18 c.:. dcs I (a) d1oocr8 oozr}Oc g18 OgeocsO rs6lcar
qczocdocd qeo$ ogee Qocaz:lO q1E EEo Eocgoloorrlocorri gzJr:l cs.E56 oal6zo r::g, o{oEcsSnJ es@aJEor
oO. 01@ @cOrocd otosEzsr qe6 oOzlad zod6zrJ oaScocrobe<6 Oe, Or€ qg,O d6ce grqcoES. ooor O1@, rgococj
rolo qord oed8zo dg oedo2 (capillary water bridges) q1E zod8 (l (a) dzeeco Ogrrlor). O€Ood e6@ce6ocd gl1@

nl1O go'rd eOEz:r ?tro?ti@Od e:6@ce6ocj d6 oadq 01@ zolO gr::d gczobeScs qE Ecoc69 ogee 016 zod$.
dcs 8g Olr3orrJ i)1@ o1o qord d6 oa{q eoc ftgEi qceodE 06 Eeec ce. Eo@ 01@ zslO 63beeg5 Og Ecec
aidoSoco eor:JOc cllztJzrlc qr:ld dO q@od O oorol 01@ zolO qcesadE 06 Eeec q dEoz:lro gczsbaaeba zod8.
o@@ od8to Og Sosc 01@ zolo qo:d gczrrbe<5 aeocd o1E E@, roc,:ar ozoi.6o o1E 88Oo qe oq@:rj 01@
zo1O8 (sand clumps) eecq8. onl8zo oe{r:2ozo dg eadcgcs qereecS ozs: gotd (d1ero 1 (b)) e:ad8zo qcofi63 Eeec
q1E ozr 'ozdcocnbeS 

@csco@c,o' 01@ zo13E dSorrrzoo olQzr} a{AO erozrJOc colEOO 6,ezoc8 oO.

otler zoccocd Q dgoc:zri eoobraei?t oce, 8O1e$ eoeo ?o1o @ol 96zo SOr:>csd q1E zod8. 8O1ed o2g p@oc:gii
SOocs O1E Ozsr EO, zsrlO qod od8zo Ae SO zod@zrJ dg odr:2O6 oacddocJ OpocO 016 zsd8. e:tsO Ol8gd
dgo dzoo'g 85o O62tJ t$ro Eold cstJe.dco eseo eoEcoesEce qQ 8cs eo18 gorC ooeeS Od o18 Opod ?tre6orooea)
trgg @ 6zrJr:JOcs2tJ g18 zodo@zr3 co. ?$1o gold erad8zo qcorE Og gQ zodat qczoc6coo qDzo ogee zoa6zlccozo eoc

o6fr:rcoro ocEolcs Eesc oercogcooE erai oIOQOO 8g zodo eoc8c.: q ticcscolo@ godolco 6ocg ogee 016 ag,
eolE cs.

(a) ero-eeE eso O1@Og ejdcSorcoo qqcg ee@eod goro etleolQ@

58@O orEzo tog, eolE oto,cEzo Eqr:coO p€o o.zo5lo qod
o@ zodzrJnr.

(b) eoeoE gOcm 6)Ed roor,so?$ ep @c^:zr&:1.

(c) @eoc@cbcocsz$ 9Q88O?s q, (3) dleocd oe:zr}Oc q1E erBQ

c'iOcocEn OTpO oOared zod6rl} O4lo@ ddordc ozooOessaJ
eed gOoJ zod q1r:r. o@o arccscslO qOqcr::@ eeEol eidczlcaE.
o&qoC Q CrA oocdqol ocEr:l zod o@cs erleolQ@ zsda3ar.

(4 E"r€ Or€OeO dgce dzoo2 86o@rd Or€Oe eidcSocO
Eoc6 ogee Oi6 zod8. oO eeqeoc gOorlo@ oerlc2O e:(errq€
zodojo.

ocoCgcncd 01@ zolO oqzod qr:rd dg oeSqOd (4) dleod oortJor q1or. (4) dlecs
OoO 8@pd1 erpoO SOe:r:J zod Od dd olOcE Oo $ad8zs elcoEc,r Sesc q15 Ozr

coqtgdtn gE$oc Ogc,:zd (6o19 torEzrocezd) qQrsln.

I (b) ozesoci oon"JOc ErE, eeo€ eoer erto€, @rOzoOg Opoc qdcscsrrJ 8@oo@zr3 r,
eral rzOo 01@ zolO oqzoEal ErE I dg oadqozS eegroaJar. eer€, tseo ereog Oco-dg @cOzo eodeoc SOrl
qzrlrodc.:rr}8 gzooco?t') tocSoocsrlJ, 1(b) dre:oci q1E qOa{dcooE de zoo{ 6ce h:'r,gerrt gzoccor:rod Ogz:Joalzs:

zodaJzr. dgoC eradSn qcolEc: eeeo aroz:JOce 8@o6l@rJ T aa d ogee or:lar. dleoC o.eeoJoc q1E A eeeo

B gdeouOg SOzloaJ co9Jeo AO 6,oar6femce ndrrJzl.

qg;,rl U) E esqeozd zog qOaddcO ngat h eeo cD€6trics nrdrjo. rr = 0.8 mm, r, = I .0 mm, T=7.2x l0 2 N m-l eoet

d= 1.O x td kg 6_3 6-qgee coa&i.

l(b) dze:ocJ oer:rJOc q18 qoa$dcoO oOo A aa B gdeorOg 8O:r:csztJ OrE qooCdcOe$ esgzozrla. OlOocod

@€6d co6o O 1(b) dz$<.s OoCI 8pqd1 esgceO SOe:z:J zod arO @cOooerlOg eolOonJ g1q rgOc X eseo f ogee

Ct{rDl'Qe O z::@ zodaJar.

1(b) drerod oetzrJOc erE A eeeo B gdeorOg SOarc:aJ pOocsrd 016 oO zt@, @cOzocsalog qcJcec,ralO,

aiertJo ozoigc.:o eeal erad8zo qczlS OgorrJ Eeec zolo gr:rd g1E oo es@ggCo g8$c.sc Ogcordo zBoC
8g oO q? OoO 8€ed orerrqe odrr3:r.

r:)cc.ecsz@ q18 EoO 905zl00 O18 8S@O eg oqzll, <,-8qe-d oqeozd zod q16 @Sed $orzocdzo@ ogod @csc

qdOoJr:.

@
(4) dze:c.s

(e)

a

(s)

(h)

(,)

(t)

(3) drercs

fOomrgldOl6 8QO Oedo.
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8. gerod OryOcOcs 06'r e$EderOocd q1E qooeBr:3 gro er{OEOg OceecoO ggg
geooe&s e€Errloa3 qB oeoccsc ft@@ r::ceec (NASA) ozoedgb cooO@€6o\.J

gOczo qdp<6 oO. coo8ee€6c.: @ErrJ ordl OOc zoz$eool googCzo Ecocg

eo"Or:cOrJ qolcOd6ce zodocoo g1z:r. zoe$Ecs zocgcObocerd 8@oo@a3

t = elu88 Qo 3ffi ota Tu- oa38 Qzr 50 d I A aa B ar@ groogCzo

oqzoSrrS ee@rrJ8or geo o{OEc:zJ dOiS dzd E6deegcl8. geoogCzo egzoczocd ooCg OO eeeo dletoC oerr'}Oc q1E
o6Q edzozdoce Mg S o:@ oldlOd OOc Oazr}:lczocd zozJeOg co@:l3 ndol OO 6,ezo6!ermc.s ?Dd?t}rr>. googCro qo:d
qczobeScs o6'rceoe?oc eodzrJo.

(a) (i) BgeoogCzoocJ zoz$Ecs oOcoo (ur) eoqeoo gzogcorlc;d M,-BgeoogCzoocd zoaJrgod gdc: Rreseo eebop
c2dlnlOczobee<b Ecgolcs G qlgodrri Ogz:ioa3a zodr.Jzl.

(ii) B geoogJzoocd zocgco5rsrs Tu€oqetc gzDccornod, Ru tb6 uB qrgod2r3 @oc qdOrdzl.
(iii) Oorocd g1E r:rdloO8 eizozrJoo M ::egoc gzoccozlcszJ Tu, Rueseo G Ertro.d?tJ Ogr:lerzrJr:: zodrrJn:.

(iv) Ru = 0.3 AU (1 AU = 1.5 x l0rr m) r:r@, ordloo eizozrJoo M rog,o.va zodaja.

G=6.7 x l0 llm3 kg-t s-2eseo n2 =l}ogee ozlJar.

(b) (i) qa,rl (a) (iii) E 6Ac coo'l gzocoacs ttcEr:'r zod .4 eeeo B geoogCzoog zozJecsalod gdoooi Ro, R, eseo

zocgoOSol To, Tu ea@Ar:Ja zod@a} gzocroo'rcszJ Ogr:ierllz:: zodrr}o.
(ii) Q q1A gocsceal oc8r:r nd A geoogCzoocd zozdeocj qdcs Ro (Do?trca zoda'Jal.

(c) SOEzrJ 884 AgeoogJzoocd eizozs'Jocg eeeo qdce 8@oo@rr} 23 muaa 4.6rudo o.occoc oto?r Etur. o@E
mE?ie ruog 8@oO€rrJ era8Eoci edzoaJocs eeeo qdcs o8.

(i) AgeoogCzoocJ eraddce Oor p gzSercszo qdlz:iOd oJOd6cs goeoqeoc gzsccoarcszJ, mE,rE?,i6 Gglgodzr}
Ognlorrlzl rs,6rJrv

(ii) SA eoqeoc gzsccoz::ozJ era88 eaddcs @o p gdeuc:zo c2dlnlod rsJodScs gs gtgodrr} gOc ozl,&1.

(iii) eJzorrJAcg 100 kg p qoi:cOzoco ococ:d A geoogCzocs @o ococOOle$eepocd o:@, ococOOledoEo@zrJ og
csc::lod A6 ro6.r:,a zodaJo:.

(iv) qood gbcogeo @dOgcs eoc eelesQo@ q 8O6?tJ 884 A geoogCzocs Oceec:O EgE ?Deccroci oOE. A
geooeCzood esr:lr:Jood eeo@ca.:rso'do:c,gorc gzocoancsd eraSEoci mr::z:Jood eec@colso du qtgodal
gdc co:sJo.

9. (A) omOcoo ooJ (B) o€ilOcoO oni ct@sed EeaO cocrcodo.

(A) (a) erd6 Ocdc o@iOdcs?o gE Eqgz:icoc@zo 06o (E.oc.O.) g1E Orrloa3 ozooal gB ozo8ocsrd e:1eo1Q@

zodrl3a:. gE E.oc.O. I (i) Ecocer:Joc,s eeeo (ii) Qcoco E6arc ozoodr:"r otosEzo Eqrco8 Eo@ 8@ooprrJ
rs:@ zsdrdrr:.

(D) eedg Ocdc o@iOdcsd, fuO6c.rSrrJlOcdcOd qrq coaJzrc 8O q1E za,6a't EgE E.oc.O. eoqeoc gzoccorlrcszJ

@csrrJo. o@iOd qcodod qtor:rrlord gEodCOo r eseo OlO6ocd gg qord oOC6f8or:lcO V oO.

(c) V= 80V eso r=7.5 Qa@, o@COdcs 4.0AOcdcOzsJ q1q coEOrrJ ee@g5o tocdcsd eeSo O @cocr:J@zo

Oar EO ereoo dc8rsJ <o6?trcs zodzdzl.
(i) o@Codo o6zr} Seqoz:: 9E E.coc.O 6. (D
(ii) o@COdoO gOc oqzr deo@ocO

(iii) oOCOdoc$ gSqcr:: ceca3$zo z$ec@r:lco tseo zocbcszJe@orco (esbee€6cs Eeoc O::: cod6 eocE or::cee6zoc

eo6zljn.)

(A qa.r; (c) E @cscr:i@zo Oar o@iOdod r eseo OcdcO (4.0A) eeqeoc Q q1E qcocoor:''i qcodcs zoc@d 6,d<tz:JOo
Ozr: 30 "C E erOEm EO q1E qcocsorr'J OO 6,ozo6fez::cg zodrr,Ja:. o@COdcs erlco SEerod Sc.:cz:i@zo ?og, e:g
VooS6f8ozlco 80 V I @ oooai omcE elooz:r@rrJ qaodocd ocdco 3.6A qdoc qQ E qrE Oo oeeccsc corlJoc

gQ. qcodocd oO 6,doz:iO6s @€6?rco eodrd:o. qcodce cecqc g1E gOrsoc,:E gSodCOod 6,d<rrrio €ooc?6zoca

0 "C E E 0.004 "C I ao eegzoz:Jzr.

(e) Eqprri o@COb dOOe, 0106 @6aJ dg,oOa esd6
ocdc o@COd, ddoC odCq zodzolE@ eeqoc ooEz:r

onob. dolE oceoa:og E6oro ococq?'r ncgce pg, Q

d@ o@iOdc:@ eed6 Ocdc dmzocsd ogcs Scacr:I@zo
oo o6Q escqc q1E gord oceoood ocgzo csdSoorrJ
oeocOeezJ darzocs dgE@ eeqeoc tocEzl zodp g1oO.

esdg Ocdc

drs':zocs (eseo

qOcor er6erd)

grrJ erg dz::zooci gEqco:cs O@ Oceoooci@ O1o6c.o zllOo gcodJeedc: 88Oo tocEo ozro5.

(i) oA eedg Ocdc o@iodcsd erdg ocdc dazocsd ogee ScscrlJ@m zodrdoal ozoood q?

(ii) Q q1A dler esOeorrJ oqzo OoD 8€edr eroor8 SOer:J zod oco:sr eedg Ocdc darzood gEqczlcs,

O1O6cs qcodCere6o 88@ eeqeoo ee@Oa3o zod:r3orrl ozooei qB ooalO:rlz::.

-r

loeXedocS 8QO Oed?D.
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(B) (a) npnQtoSSe&odcsd eeqorc l.lu:.ca Iugri,6 oOOrr}oolco qe$oar groc@n'r6o @csc qzSoaJzl. esl@ oooz$orcezoOo

€gdrg ozrJdl@ g1ro.

(r) (l) dloocd oeaJOc g1E er6Q ee@O:rJO zod q18 npnQwtBeJO6a

$ocnc8 E8oci @ocr:I@zo oO. Qo:rJ8a$Odoci Ocdc gcrocs 100 eeo

Oo 9Q6 rorQdr Q EO ercq@ eseo 8o@iOzocs erdeoc oOC6f8csocO

Vuu=0.7 V Oo 6,ozo6foo',rc,s zodrdrl.

(i) 5 V €oogoeDzD oOC5fOceorcOd q.E ESOO gOcou ocq@ OcdcO

Iurod,r.:cs zsdrr3zl.

(ii) Rr= 12kQo@ RrB qcoca cDSrtrco zodrlja. (o@@ coSocs
:c.gal IuB qroo oarcE&cs eolE o18 6,ozo6fo:::o zodrl}a.)

(iii) -10Vzo eea6 dO coletg@ ooC6lSoocod ee@o $coc zog, er.E o2t o6Q (1)dlerocd Q g15 erOerdcs

Ezsdero zodaJzl:. gzSeu eeqeoc Q er8 I eeeo B rl@ 860 eeeo R,R, l0 kQ ocEo zod, Ezod.dco

zodzl gq er6edcs q€6ict O Eotdq oece zlrtorl m@ zodrJzl. alogceozo OcdcoO QrocO, eeeo R, oeo

Rrer6ei.c Ocdco8 QcocO dog @Erri qdOalzl.

(c) OA (b) (iii) c:Ooz:J Eqr:l eq Oodoeco 06el e€ oOctO@6J Qczd8eSOdocsE ercq@ eeeo 8o@iOzoc: odeoc

gzocco QooCOouJ caOA?tJO zog, gqO q1r:1.

(i) gzocco QocsCOcsal e:6e:dc.szDO eeOOrrJO zodzl EO do zodg eOaJorrJ gzocco Qoc:COcs etS rrl1$d1
Ozl qczocdoO cs. gzoco Qoc:COocsE erBerd esoodocs tocSor zod6rr} Oa Ooddrco 06rl e€. o6oOod
QczrJ8edOdoce8 ercq@ eseo Eo@iozors u:,6arc Oo 8o(dq o ee@Ozr}o zodzl qczocdc: oou'JOaJzl.

(ii) gzocco Qoc:COo Ezodscs zodzr gq s6eOc.:O EOIdQ o e,sOOzdo mg, Eo dcs ercq@ as?r EooiO?Dca

qord g8odCOca eole8ca ge oeeo oozr:al zodaJorri q? OoO 8€rZd errerrqe zodaJzr.

(iii) ozo8 zocgozJ ceEor eogiozoC<6cgczocd qcogCzs a$ordqcsd gzocco QooCOco @o oEo fl 8O

(1) e6edooS gncco QocsCOcs eodeoc OcdcoO QcocO dr:lgazS @ElrJ oerzdOzrJo.

(2) gcoeizo a{er:r}qcs Eeec Eo@COzocsO ocoeideeO ercqo@E 918 Oa oOJdOcool a$o:rJqoc$ od"co
gczoaEca ceeo oercog,cOO eecoeidesO eoogceDzo@..caE q1E Oa oOJdOcool ede5zrlqocd ?rdocD qczsaEca

q er6edoc$ qqcg a{OcoOe qrq oerzr}OaJla.

10. (A) onoocoo eoj (B) emO@ @tD, o@ded eeagc coCIcodo.

(A) ddrs:dc SOeszS 8cs pdorlrrJ ococ,sE eoeD z:'rrzr: zoc@dOg 8g otooda oa{Qo@ bOge eeqoc 50'C I oOEn>

e€ deca erroroo 100 kg z$ er6ooidz::cs zod8. Eg@ oOcSoCdrOaJ @6aJ d:r:aro o?Do.d?r 70'C E g1E

6,€ deca oOcSo6fdloOrrJ SOor 30'C E q18 dgco rs@co 69 zod 50 "C I g1E dgcs EerqOp g1oO.

dgocd E8edo ocer orBoroo eeeo eozrr:Jocs 8@oo$rd 12OOJ kg-t 6-teseo 1000kgrn'ogo coalo. Scog @

co6?ircs E5@ eeqeoc AtE6 es6a6csO 8g Orrr orcel eocScs erc oOcSo6fdloO ocer Oc6r:lcO oz:lc8&cs eolE

o18 6,eo6!eracs zodrrJzl.

(a) 50 "C E g1E dgcs 100 kg d EerqE@O oOcSo5fdloOzr} qOou Oat 7O "C E oOE:r 6,€ decs eizorrJocs

co6:lro3 zodrrjor.

(b) oAcEoCdrO eelgg@ zod q1r:3ooi geoo (a) I co<5s:<s zog 70'C I e:OEa 6,€ de g@cdco oOc8o6fd1oOrs"3

gOrlO ocoo d@ g@cdo@ 30'C I g1E dgoorrJ mloo 8dp Eo, oAc8o6ldtO o2C deod 6,ed.or:Jocs

66'C O OOc eeog,O o?trccozlr erdQ o. o@@ ooJn}Ocs eegdc@@ coqeoc oAcSoCdrOO EFo gq gOO

dg oc6oco (i) AogCcdd@O€rrJ eeeo (ii) eOdOe?tJ @6?rco zodrrJz::.

(c) qom qcd@tooC Q Oc6olcO oees (b) E o<r'a>a ?D€ de eizoaJocsO ee@czsl aJzorrJOozJ q1E d6
g@rdc.:ErrJ oOc8o6!d1O gdOc Eqgr:l rsce:zocsz$ o62tJ 30'C 8O 70'C qzJOc Ecsr:: BgocOErri
dol zodg g1oD. dr:I ES@ elozo Q ts@gbcr zog' ge a@, o@@ zocbcscs a:qeoc rlrcer?oocd EFcs go2

zJes@DcO cD66'rca zodajzo.
(A eer,r-r (c) I eeqeorri gczocdc.ro @ qcdOoro drl} 68@ 8g E$o@rr} erg getr:) (a) E qoco>r::cOO ggo

oOc8o6fd1oOa3 gOorO cozrJ e€ dgoO EeO Oo: e6Q 30 "C E q16 dgocsrs'} olOr:r 8dE@ gO<dOO

8g otslob. oOcSo6ldlO eoregO rod q1r:iool e:lc:zs ?sce6.d qC oOrSoqfdlo8 @Oror 6,dcnlOo
70 "C E erOr:'JOc cotE@ eoqeDc oOaoJ zqOc zlcerzocs8al olcercs coe:cs?rr qrzocdoO o. qOror: Oat, zgOc

orcelzooci e$ee@r:lcO (D.6?tcs zodajo:.

[qoqdOr6 8Q0 OcdtD.
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(B) (a) (i) (l)dloocd Q Cr?iJoriJ, X-6d.6 rr>scaz$ Ee
esOeoo:E. A ao B oees ezD€ zod q1E
otocOsJ a'l@ zodzlJo.

(ii) dtoocJ esezD€ zod q1E D ozocOeo ar@

zod Oo ocEro 88o@ qd95 ereoqalo.
(iii) drc:ocd csezEgg zod q1E C oocOes rr@

zod dc,: toc8o 88o@ gd96 oeoqala.
(iv) X-8d<r EoqoOaJoai o?Do.eJ gB erleolQ@

zodrrJo.
(v) 6zdraalcs rodol gq zlg,ozJ ocEo E8@O

odqozJ oqoior.

(b) X -4d.6 o€,co?s eslerglO ooC6fOoocO 100 000 V o8.

(i) A oOr:l g,coc Onr gogdoQCr::ozo 6,er6@ Ocgzo cozdEce keV dzozoO@rlJ coSarcg rodzrJa.

(ii) eeoor (b) (i) I osocs zog 6,e:6@ rod6cs d.or:J gogzJoQCaod d8 ozJ6oorrJ qbocsd o1c:
ozocO X-Edg ooioOCrlrcsd EerqOo: god gEB cozdEcs esggbcnooaS @ gOooCe<rcs zod oE.
qOooCe<mo zodor cozJEcso aB@aJ 8g oO q18 o1eo1Q@ zodaJar.

(iii) 9oo (r) (ii) oncOoal EerqOo X -Ed<6 ooioOCaocd Ddoco gccsc@c3 co<6zrlc3 zodoJr::.

I n=e.6 x l0-3aJ s,c= 3 x l08m s-l eoeo leV = l.6x t0*leJ I

(c ) crO goroszJ a,6ro | -86<6 co@a,J E6o@ Q O@ gorscs O6rrJ /-Ed.6 j83."
ooioOiarcsztJoorlJ Ozdr:ldc toccoceed qOooCeSo zod oE. (2) dleroc$

QrzdoOo o6Q oO gOrsozo coarzo@ tg rleoQozS 9oO g@OzoO ooocs -;*
Oa, EQr:'rcO IoOa'- | -86,6 oqOOcezd esgzor:'lol. gOooCe.Oo EoO ---f---
gE0gcozJ ogee o@ogfe.66 I T -8,6aOg EQorO gQ Oro gr:rd,
dcs I@ErrJ QrdoO. 

---)

/r \
Ioac I 9rl,6 es@OrlJOocO tog | # | = 0.+l+ ptt @EoJ oqg gOo 9o6, o@E 1t rootor Q q1E ozdEoc$

\'/
Q qqrg T -E6c. erqeoc Q q1E go>crO Eoorc:d o8. ereoor Q CrA Sceg I qola 2 MeV /-Eds
esqeoc o8. 2 MeV y-866OeO do@ eeqeoc 1tB qc,a 51.8 m-l ogo orrJa:.

(i) geoo Y -86aOg EQocO gbOcs8zrJ qQ A8O esqeoc qOcou Oar dco@Og marzo@ cDo2i'rcs

zodr:''Ja.

E8d.6 oedOzocozB eoqeoc 6,er6@ Seq6J @cgcO (permissible dose) OeodzoO 20 mSv oO. g{ogcsan
EQoco 1010 m-2 s-l ozl geor:r y - E6<6 oqOOcszoO Edcodcbcs p Eo gloOa @cpcO OaodzoO

2.5 x 106mSv oO. 6,er6@ SAEoJ @cpcO gzd@Oc on'rcco6'r er6Q E8d.o oe$OzocozgO EdcOdscs
Ecs o18, qa,6 y - 8,6c zoq@Oocd 6,o6@ EQr:rcO Ebgcs zodzrJr::.

odCeozo odCBrJO gEzocd E8@ erqeoc 2 MeV y - 866 gtoOozd eidcSo zod g1E E8d€5
EEo'Jcsro toc@dc:d eogzoalar. EEd<6 oeiOzoocsi ocOq zoc@docd O1O 6OSe rodE. zoc@d oqzo

do@ FnJEcoEaJ ooa} zod g1o. co@ oeocsS?tJ gtoooo8 EEdd zoccrlgE@zJ q1E pooaocnl dc:@

FrrJEoO 6OOzoO orlr6)cs Oa T- EdoOg 6,er6@ EQorco 2.56 x 106m-2s-1 oO. EEd<6
otJozocszrio zoc@dcs pg qcdzJSo O O1O 88@ eeqoc dcl@ FoJEclO EFo ge qOO csrr:zo@

Eb.oo zodajz::.

-,lr -t'r --.'s

fi esoo$eo,s

| | I zocoao

ll-llrtlll-tltl
) 61ea(2

(ii)

(iii)

c (l) dlece


