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guPl;ir Mizahsu; ehafj;jpd; nra;jp

ve;jnthU fiyj;jpl;lj;jpd; %yKk; ngwg;gl;l mwpT tpsf;fk; vd;gtw;iw 
mstpLtjw;Fg; gy;NtW Kiwapay;fs; gad;gLj;jg;gLfpd;wd. ,tw;wpDs; 
vOj;Jg;guPl;irNa jw;NghJ gad;gLj;jg;gLk; kpfg; gpugy;akhd KiwahFk;. vOj;Jg; 
guPl;irahdJ fw;wy;> fw;gpj;jy; nrad;Kiwapd; tpidj;jpwid Nkk;gLj;JtJld; 
$l;Lkjpg;gPl;L Kiwapay;fSf;fpilapy; njhlu;Gfis tsu;j;njLf;Fnkd;gJk; 
milT kl;lj;ijj; jPu;khdpf;f cjTnkd;gJk; ftdj;jpy; nfhs;sg;gl Ntz;bajhFk;. 

2017 Mk; Mz;by; juk; 12 ,y; Gjpa ghlj;jpl;lk; mwpKfk; nra;ag;gl;Ls;sJ. 
mk;khztu;fs; f.ngh.j (c.ju)g; guPl;irf;fhf Kjd;Kiwahf 2019 Mk; Mz;by; 
Njhw;Wthu;fs;. jpUj;jg;gl;l ghlj;jpl;lj;jpw;F Vw;g 2019 ,Yk; mjd; gpd;dUk; 
eilngwTs;s f.ngh.j (cau; ju)g; guPl;irf;Fj; Njhw;wTs;s khztu;fspd; ed;ik 
fUjp tpdhj;jhs; fl;likg;Gk; Kd;Ndhb khjpup tpdhf;fSk; mlq;Fk; tpjj;jpy; 
jahupf;fg;gl;l njhFg;G ,JthFk;.  

f.ngh.j (cau; ju)g; ghlj;jpl;lj;jpy; ghl cs;slf;f rPu;jpUj;jj;Jld; mjw;Fg; 
nghUj;jkhd tpjj;jpy; tpdhj;jhspd; fl;likg;gpYk; khw;wq;fis Vw;gLj;Jjy; 
mtrpakhFk;. ,jw;fika ghlj;njhFjpfisj; jpul;b xt;nthU ghfq;fshf 
tpdhj;jhs; fl;likg;gpd; jdpj;Jtj;ijg; NgZtjw;F Kaw;rp vLf;fg;gl;Ls;sJ. 
mt;tt; ghlq;fSf;Fupa epGzj;Jtf; FOtpD}lhf ,e;jf; fl;likg;G 
jPu;khdpf;fg;gl;lJld; mjw;fika Kd;Ndhb khjpup tpdhf;fs; jahupf;fg;gl;Ls;sd.

fy;tp mstPLk; kjpg;gPLk; gw;wpa ek;gpf;ifAk; ftdKk; mjpfstpy; nrYj;jg;gLk; 
,f;fhy fl;lj;jpy; f.ngh.j.(cau; ju) kl;lj;jpy; me;j kjpg;gPl;Lg; gzp vt;thW 
nra;ag;gLfpd;wnjd;gij vy;yhr; r%fj;jpdUf;Fk; mwpT+l;Ljy; Kf;fpakhdjhFk;. 
f.ngh.j (cau; ju)g; guPl;ir Kf;fpakhf rhd;wpjo;gLj;Jk; Nehf;fj;ijf; nfhz;l 
milTg;guPl;irahFk;. vdpDk; gy;fiyf;fof khdpa Mizf;FO NtW 
Njrpa ru;tNjr cau; fy;tp epWtdq;fs; vd;gd ,g;guPl;irapd; ngWNgWfspd; 
mbg;gilapy; gy;fiyf; fofq;fSf;F khztu;fisj; njupT nra;tjd; 
fhuzkhf ,J njupTg; guPl;irapd; gz;GfisAk; nfhz;L tpsq;FfpwJ. mjdhy; 
,g;ghfj;jpy; jug;gLk; tpdhj;jhs; fl;likg;G> khjpup tpdhf;fs;> khztu;fs; ,g;Gjpa 
ghlj;jpl;lj;jpw;fika vt;thwhd kjpg;gPl;Lg; guPl;irf;F Kfq;nfhLg;gJ vd;gij 
tpsf;fpf; nfhs;tjw;fhfthFk;. ,jdhy; khzth;fisg; guPl;irf;F Maj;jg;gLj;Jk; 
ghlrhiy mjpgu;fSf;Fk; Mrpupau;fSf;Fk; topfhl;ly;fis Nkw;nfhs;NthUf;Fk; 
ghlrhiyr; r%fj;jpdUf;Fk; ,J JizGuptjhf mikAk;.

,e;j mwpTiug;G E}ypy; gFjp ˚ ,y; guPl;ir gw;wpa nghJj;jfty;fSk; gFjp ˚˚ 
,y; tpdhj;jhs;fspd; fl;likg;Gk; ,ay;Gk; gFjp ˚˚˚ ,y; xt;nthU ghlj;Jf;Fk; 
cupa Kd;Ndhb khjpup tpdhf;fSk; ,lk; ngw;Ws;sd.

   
,q;F cs;slf;fg;gl;Ls;s tpdhj;jhs; fl;likg;G> Kd;Ndhb khjpup tpdhj;jhs; 
vd;gtw;iwj; jahupf;Fk;NghJ xj;Jiog;ig ey;fpa fy;tp mikr;rpd; nrayhsu; 
cs;spl;l  mYtyu;fs; FOTf;Fk; Njrpa fy;tp epWtdj;jpd; gzpg;ghsu; ehafk; 
cs;spl;l nraw;FOtpdUf;Fk; fy;tp ntspaPl;L Mizahsu; ehafk; cs;spl;l 
nraw;FOtpdUf;Fk; midj;J ghlq;fSf;Fk; cupa fl;Lg;ghl;Lg; guPl;rfu;fSf;Fk; 
tsthsu;fSf;Fk; ,yq;ifg; guPl;ir jpizf;fs Ma;T mgptpUj;jpf; fpisap;d; 
mYtyu;fs; kw;Wk; nraw;FOtpdUf;Fk; mr;rf Nkw;ghu;itahsu; cs;spl;l 
nraw;FOtpdUf;Fk; ,g;gzpiar; nrt;tNd epiwT nra;tjw;F cyf tq;fpapd; 
fy;tpj;Jiw mgptpUj;jp epjpak; (ESDP& %yk; khdpak; toq;fpa FOtpdUf;Fk; 
mr;Rg;gjpg;G nra;j tp~;t fpuhgpf; epWtdj;Jf;Fk; vdJ kdkhu;e;j ed;wpiaAk; 
njuptpf;fpd;Nwd;. 
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gFjp I
fy;tpg; nghJj; juhju (cau;ju)g; guPl;ir 

guPl;ir njhlu;ghd nghJj; jfty;fs;

  
1.  mwpKfk;

 ,yq;ifapd; rpNu~;l ,ilepiyf; fy;tpapd; ,Wjpr; rhd;wpjo;g;gLj;Jk; guPl;irahf 

f.ngh.j (c.ju)g; guPl;ir cs;sJ. ,J Kf;fpakhf rhd;wpjo;g;gLj;Jk; guPl;irahf 

eilngw;w NghJk; gy;fiyf;fofq;fs;> NtW cau;fy;tp epWtdq;fs;>fy;tpapay; 

fy;Y}upfs; vd;gtw;wpw;Fj; jifikj; njupT nra;tjw;Fk; ,g;guPl;irapd; ngWNgW 

mbg;gilahff; nfhs;sg;gLtjhy; ,J xU Nju;Tg; guPl;irahfTk; fUjg;gLfpwJ.

 ,J Nghd;Nw eLj;ju kl;lj;jpy; njhopiyg; ngWtjw;Fk; ,g;guPl;irg; ngWNgWfs; 

mbg;gilj; jifikahff; fUjg;gLfpd;wd. 2014 Mk; Mz;L tiu f.ngh.j (c.ju)g; 

guPl;ir juk; 12> 13 vd;gtw;wpd; ghlj;jpl;lj;jpid mbg;ilahff; nfhz;L capupay;> 

ngsjpftpay;> tu;j;jfk;> fiy vd ehd;F ghlj;Jiwfs; ,lk; ngw;wJld; 2015 

Mk; Mz;L njhlf;fk; njhopDl;gtpay; ghlj; Jiwapd; fPOk; guPl;ir eilngw;wJ. 

,jw;fika capupay;> ngsjpftpay;> tu;j;jfk;> fiy> nghwpapay; njhopDl;gtpay;> 

capu;Kiwikfs; njhopDl;gtpay; vDk; ghlj;JiwfspYk; guPl;irfs;  eilngWk;.

  
2  guPl;irf;F tpz;zg;gpj;jy;

 2.1  ghlrhiyg; guPl;rhu;j;jpfs;

 guPl;irf;F tpz;zg;gpf;Fk; jifikia epiwT nra;j ghlrhiyg; guPl;rhu;j;jpfs; 

jkJ ngau;> tpz;zg;gpf;Fk; ghlq;fs;> nkhop%yk; Mfpa jfty;fSld; 

mjpgupD}lhf tpz;zg;gj;ij Kd;itj;jy; Ntz;Lk;. guPl;rhu;j;jpfspd; ngau;> 

gpwg;Gr; rhd;wpjopy; fhzg;gLk; tpjj;jpy; rupahfg; G+uzg;gLj;jg;gLtJld;> 

ghlq;fs;> ghl ,yf;fq;fs;> nkhop%yk; vd;gdTk; rupahff; Fwpg;gplg;gl;bUj;jy; 

Ntz;Lk;. ,t;tplaj;jpy; kpFe;j ftdk; nrYj;jg;gLtJ mtrpakhFk;.

 2.2  jdpg;gl;l guPl;rhu;j;jpfs;

 ghlrhiy kl;l Gjpa kjpg;gPl;L Ntiyj;jpl;lj;jpd; fPo; tFg;giwapy; kjpg;gPL 

nra;jy; ntspthupg; guPl;rhu;j;jpfSf;F cupajd;W. fy;tp mikr;rpd; ,y 
ED/01/12/12/05/08/i > 2017.10.31 jpfjp fbjk; %yk; mtu;fs; tpLtpf;fg;gl;Ls;sdu;. 
^,izg;G 03& 

 ,yq;if guPl;irj; jpizf;fsj;jpdhy; ntspaplg;gl;L nra;jpg; gj;jpupiffspy; 

ntspahFk; mwptpj;jy; %yk; jdpg;gl;l guPl;rhu;j;jpfSf;fhf tpz;zg;gq;fs; 

NfhUk; re;ju;g;gq;fspy; mt;thW Njhw;Wtjw;F vjpu;ghu;j;Js;s guPl;rhu;j;jpfs; cupa 

tpjj;jpy; G+uzg;gLj;jg;gl;l tpz;zg;gq;fis cupa guPl;irf; fl;lzq;fisr; 

nrYj;jpg; ngw;w gw;Wr; rPl;Lld; ,yq;ifg; guPl;irj; jpizf;fsj;jpw;F nra;jpg; 

gj;jpupifapy; Fwpg;gplg;gl;bUe;j Fwpj;j jpdj;jpw;F Kd;du; gjpTj; jghy;%yk; 

mDg;gp itj;jy; Ntz;Lk;.
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3.  ghlq;fisj; njupT nra;jy;

 fy;tp mikr;rpdhy; ntspaplg;gl;l ,y 2016/13> 2016.04.26 Mk; jpfjp 'f.ngh.j (c.ju) 

ghl kWrPuikg;G gy;fiyf;fof EioTf;fhd ghl kWrPuikg;G" Mfpa Rw;W epUgq;fs;  
^,izg;G 01& vd;gtw;Wf;Nfw;g ,g;guPl;irapy; ghlq;fisj; njupT nra;a Ntz;Lk;.

 f.ngh.j (c.ju) Gjpa ghlj;jpl;lk; 2017  Mk; Mz;L juk; 12 ,y; mwpKfg;gLj;jg;gLtJld; 

,g;ghlj; jpl;lj;ij mbg;gilahff; nfhz;L Kjy; jlitahf f.ngh.j (c.ju)

g; guPl;ir 2019 Mk; Mz;by; eilngWk;. NkNy Fwpg;gplg;gl;l 2016/13 Rw;W 
epUgj;jpy; cs;slf;fg;gl;l Vw;ghLfSf;fika capupay;> ngsjpftpay;> tu;j;jfk;> 

fiy> nghwpapay; njhopDl;gtpay;> capu;Kiwikfs; njhopDl;gtpay; Mfpa ghl 

newpfSf;F mike;j ghlq;fisj; njupT nra;jy; Ntz;Lk;.

 
 f.ngh.j (c.ju)g; guPl;irf;fhf gpujhd ghlq;fs; %d;wpDf;Fj; Njhw;WtJld; 

gy;fiyf;fof Eioit vjpu;ghu;f;Fk; khztu;fs; 'nghJg; guPl;ir" tpdhj;jhspYk; 

rpj;jpailjy; Ntz;Lk;. gy;fiyf;fof Eiotpidf; ftdj;jpy; nfhs;shtpbDk; \

nghJ Mq;fpyk;| tpdhj;jhSf;F khztu;fs; jkJ tpUg;gpd; Ngupy; Njhw;w KbAk;.  

 3.1  f.ngh.j (c.ju)g; guPl;irf;fhf mq;fPfupf;fg;gl;l ghlq;fs;

  midj;J ghl newpfSf;fhfTk; khztu;fs; njupT nra;a Ntz;ba ghl 

kWrPuikg;G gw;wpa xg;ge;j ,izg;G 01 ,y; mlq;Fk; ,y 2016/13 Rw;W epUgj;jpy; 
Fwpg;gplg;gl;Ls;sJ.

  f.ngh.j (c.ju)g; guPl;irf;fhf mq;fPfupf;fg;gl;l ghlq;fSk; ghl 

,yf;fq;fSk; fPNo jug;gl;Ls;sd. guPl;irf;F tpz;zg;gpf;Fk;NghJ 

mtw;Wf;Fupa ghl ,yf;fq;fSk; gad;gLj;jg;gl Ntz;Lk;.   
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ghlk; ghl ,yf;fk;

(01) ngsjpftpay; 01

(02) ,urhadtpay; 02

(03) fzpjk; 07

(04) tptrha tpQ;Qhdk;  08

(05) capupay; 09

(06) ,ize;j fzpjk; 10

(07) cau; fzpjk; 11

(08) rhjhuz nghJg;guPl;ir 12

(09) rhjhuz Mq;fpyk; 13

(10) Fbrhu; njhopDl;gtpay; 14

(11) nghwpKiwj; njhopDl;gtpay; 15

(12) kpd;> ,yj;jpudpay;> jfty; njhopDl;gtpay; 16

(13) czTj; njhopDl;gtpay; 17

(14) tptrhaj; njhopDl;gtpay; 18

(15) capu;tsj; njhopDl;gtpay; 19

(16) jfty; njhlu;ghly; njhopDl;gtpay; 20

(17) nghUspay; 21

(18) Gtpapay; 22

(19) murpay; tpQ;Qhdk; 23

(20) msitapaYk; tpQ;Qhd KiwAk; 24

(21) ,yq;if tuyhW 25 tpdhj;jhs; I

(22) ,e;jpa tuyhW 25A

} tpdhj;jhs; II(23) INuhg;gpa tuyhW 25B

(24) etPd cyf tuyhW 25C

(25) kidg; nghUspay; 28 

(26) njhlu;ghlYk; Clff; fw;ifAk; 29  

(27) tzpfg; Gs;sptpgutpay; 31

(28) tzpff; fy;tp 32  

(29) fzf;fPL 33
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(30) ngsj;jk; 41
(31) ,e;J rkak; 42
(32) fpwp];jtk; 43 
(33) ,];yhk; 44 
(34) ngsj;j ehfupfk; 45 
(35) ,e;J ehfupfk; 46 
(36) ,];yhkpa ehfupfk; 47 
(37) fpNuf;f cNuhk ehfupfk; 48 
(38) fpwp];jt ehfupfk; 49 
(39) rpj;jpuf;fiy 51
(40) ehl;bak; (Njrpa) 52
(41) ehl;bak; (gujk;) 53
(42) rq;fPjk; (fPioj;Nja) 54
(43) rq;fPjk; (fu;ehlfk;) 55
(44) rq;fPjk; (Nkiyj;Nja) 56
(45) ehlfKk; muq;fpaYk; (rpq;fsk;) 57
(46) ehlfKk; muq;fpaYk; (jkpo;) 58
(47) ehlfKk; muq;fpaYk; (Mq;fpyk;) 59
(48) ve;jputpay; njhopDl;gtpay; 65
(49) capu;Kiwikfs; njhopDl;gtpay; 66
(50) njhopDl;gtpaYf;fhd tpQ;Qhdk; 67
(51) rpq;fsk; 71
(52) jkpo; 72 
(53) Mq;fpyk; 73 
(54) ghsp 74
(55) rk;];fpUjk; 75
(56) muG 78  
(57) kyha; 79
(58) gpnuQ;R 81  
(59) N[u;kd; 82  
(60) u~pad;; 83 
(61) `pe;jp 84 
(62) rPdnkhop 86  
(63) [g;ghd; 87  

   
   f.ngh.j (c.ju)g; guPl;irf;fhd NkYs;s ghlq;fspy; fy;tp mikr;rpdhy; 

ntspaplg;gl;l 2016/13 Rw;WepUgj;Jf;Nfw;g gpujhd ghlq;fs; %d;wpidj; njupT 

nra;jy; Ntz;Lk;. me;j gpujhd tplaq;fs; jtpu nghJr; rhjhuzg; guPl;ir> 

nghJ Mq;fpyk; Mfpa ,uz;L ghlq;fSf;Fk; Njhw;Wjy; Ntz;Lk;.
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 *  nghJr; rhjhuzg; guPl;ir (12)  
  ,yq;ifapy; gy;fiyf;fofk; xd;wpd; cs;sf khztuhf Eiotjw;F ,g;ghlj;jpy; 

jPu;khdpf;fg;gLk; ,optsTg; Gs;spiag; ngWjy; mj;jpahtrpakhFk;. ,j; 

jifikia xU re;ju;g;gj;jpy; gy;fiyf;fof EioTf;fhfg; gad;gLj;jpf; nfhs;s 

KbAk;. ,t;tplaj;Jf;fhfg; ngwg;gLk; Gs;spfs;" Z Gs;sp fzpf;fg;gLk;NghJ 

Nru;j;Jf; nfhs;sg;glkhl;lhJ.

 *  nghJ Mq;fpyk; (13)  
  ,g;ghlk; f.ngh.j (c.ju)g; guPl;ir njhlu;ghd gpujhd ghlk; md;W. nghJ 

Mq;fpyj;jpy; ngwg;gLk; Gs;spNah rpj;jpNah gy;fiyf;fof EioTf;fhfg; 

gad;gLj;jg;glkhl;lhJ. vdpDk; ,e;jg; ghlj;jpy; ngWk; ngWNgW f.ngh.j 

(c.ju)g; guPl;irr; rhd;wpjopy; jdpahff; Fwpg;glg;gLk;.   
  
4.  juq;fisj; jPu;khdpj;jy;

 xt;nthU ghlj;jpYk; ngwg;gLk; nkhj;jg; Gs;spfSf;fika gpd;tUk; juq;fs; 

jPu;khdpf;fg;gLk;.

  

Gs;sp tPr;R juk;

75  
65 
50
35
00

-
-
-
-
-

100
74
64
49
34

A
B
C
S
F

-
-
-
-
-

tpNrl rpj;jp

kpfj; jpwikr; rpj;jp

jpwikr; rpj;jp

rhjhuz rpj;jp

rpj;jpapd;ik

-
-
-
-
-

(Distinction Pass)
(Very Good Pass)
(Credit Pass)
(Ordinary Pass)
(Fail)

5.  ghlrhiy kl;lf; fzpg;gPL

fy;tp mikr;rpdhy; ntspaplg;gl;l ,y 23/2017> 2017.06.01 jpfjpaplg;gl;l 'ghlrhiy 
kl;lf;fzpg;gPL juk; 6 - 13 ,w;fhd 2017 ,ypUe;J njhlu;e;J eilKiwg;gLj;jg;gly;" 

vDk; Rw;WepUgj;jpw;F ^,izg;G 02& mika ,t;Ntiyj;jpl;lk; 2017 njhlf;fk; 
ghlrhiy Kiwikapy; eilKiwg;gLj;jg;gLk;.

 5.1  Nehf;fq;fs;

  juk; 12> 13 ,y; fy;tp ngWk; khztu;fspd; f.ngh.j (c.ju)g; guPl;irapy; mstpl 

Kbahj Mw;wy;fs;> Nju;r;rpfs; Mfpatw;iw fw;wy; fw;gpj;jy; nrad;Kiw 

epfOk; Ntisapy; mstplYk; ,aYik ,ayhik vd;gtw;iw ,dq;fz;L 

FiwghLfs; cs;s khztu;fs; ,Ug;gpd; gpd;D}l;ly; epfo;r;rpj; jpl;lq;fis 

eilKiwg;gLj;jYk; ,jd; Nehf;fq;fshFk;. ,e;j Ntiy xOq;fikg;gpd; 

fPo; tFg;giwapy; fw;Fk; Ntisapy; khztu;fisf; fzpg;gPL nra;tJld; 

khztu;fspdhy; Nkw;nfhs;sg;gLk; FOr; nraw;jpl;lq;fSk; fzpg;gPl;Lf;F 

cl;gLj;jg;gLk;.   

 5.2  fzpg;gPL epfo;j;jg;gLk; tpjk;

 5.2.1 tFg;giwapy; fw;wypy; <LgLk; ghlq;fSf;fhfr; nra;ag;gLk; fzpg;gPL

(m) tFg;giwapy; fw;Fk; vy;yhg; ghlq;fSf;fhfTk; xU jtizapy; xU 

jlit fzpg;gPl;Lr; nrad;Kiw epfo;j;jg;gLk;. 

  ^M& ghlrhiy kl;lf;fzpg;gPl;Lf;fhf mwpKfk; nra;ag;gl;l fw;wy; 

fw;gpj;jy; fzpg;gPl;L tiffisg; gad;gLj;jyhk;.
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^,& tFg;giwapy; fw;Fk; vy;yhg; ghlq;fSf;Fk; xU jtizf;F xU 
re;ju;g;gk; tPjk; juk; 12 ,y; 3 jtizfSf;Fk; kjpg;gPL nra;Ak; 
re;ju;g;gq;fs; 3 MFk;. juk; 13 ,y; jtiz 1> 2 ,w;fhf kjpg;gPL 
nra;Ak; re;ju;g;gq;fs; 2 MFk;. ,uz;L tUlq;fSf;Fkhd fzpg;gPl;Lr; 
re;ju;g;gq;fs; 5 elj;jg;gLk;.

 
  ^<& ,e;j 05 fzpg;gPl;Lr; re;ju;g;gq;fspdJk; ruhrup juk; 13 ,d; ,uz;lhk; 

jtiz ,Wjpapy; ,yq;ifg; guPl;irj; jpizf;fsj;jpdhy; ngw;Wf; 
nfhs;sg;gLk;. ,e;jg; Gs;spfSf;fika jPu;khdpf;fg;gLk; Nju;r;rp 
kl;lk; f.ngh.j (c.ju)g; ngWNgw;W gj;jpuj;jpy; jdpahd epuypy; 

gpd;tUk; tpjj;jpy; cs;slf;fg;gLk;.  
 

ghlrhiy 

kl;lf;fzpg;gPL
Nju;r;rp kl;lk;

9, 10
8

6, 7
4, 5

1, 2, 3

mjpcau; Nju;r;rp kl;lk;

cau; Nju;r;rp kl;lk;

jpwik Nju;r;rp kl;lk;

mz;kpj;j Nju;r;rp kl;lk;

Nju;r;rp kl;lk; 

milag;gltpy;iy

-
-
-
-
-

(Excellent Level Competency)
(High Level Competency)
(Credit Level Competency)
(Near Competency)
(Not reached the Competency Level)

 5.2.2 FOr; nraw;jpl;lk; %yk; fzpg;gPL

  Kjw; jlitahf f.ngh.j (c.ju) fw;Fk; midj;J khztu;fSk; FOr; 

nraw;jpl;lj;ij nra;J Kbj;jy; Ntz;Lk;.

  
  5.2.2.1  FOr; nraw;jpl;lk;

  ^m& FOr; nraw;jpl;lj;jpw;F 6 khztu;fs; njhlf;fk; 10 khztu;fs; 

mlq;Fk; xU FO ghlrhiyapy; cupa Mrpupauhy; ngau; Fwpg;gplg;gl 

Ntz;Lk;.

  ^M& FOr; nraw;ghl;Lf;fhf FOthdJ nghUj;jkhd jiyg;ig Kd;itj;J 

mDkjp ngWjy; Ntz;Lk;.

  ^,& juk; 12 ,y; 3 jtizfSk; juk; 13 ,y; Kjyhk; jtizAk; cl;gl 

,r; nraw;jpl;lj;ij G+u;j;jp nra;jy; Ntz;Lk;.

  ^<& FO czu;Tld; nraw;gLjy;> gy;NtW epWtdq;fSlDk; 

jdpahs;fSlDk; nraw;gLjy;> Jiwrhu; eltbf;iffs; gw;wpa 

tpsf;fk; ngWtjw;fhd re;ju;g;gq;fis toq;Fjy; ,r; nraw;jpl;lj;jpd; 

%yk; vjpu;ghu;f;fg;gLk;.

  
  5.2.2.2  nraw;jpl;lj;ij fzpg;gpLjy;

  ^m& 5 epajpfspd; fPo; nraw;jpl;lk; kjpg;gPL nra;ag;gLtJld; Mrpupau; 
xt;nthU epajpf;Fk; mika khztu; nraw;gl;l tpjj;jpid 
mtjhdpj;J Gs;spfs; toq;Fjy; ,lk;ngWk;.

  
  ^M& nraw;jpl;lj;Jf;fhd nkhj;jg;Gs;spfs; 20 toq;fg;gLtJld; 

mg;Gs;spfs; guPl;irj; jpizf;fsj;jpdhy; ngw;Wf; nfhs;sg;gl;L 10 
Mf khw;wg;gLk;. 

  
  ^,& ,r; nraw;jpl;lj;jpd; Gs;spfSf;Nfw;g jPu;khdpf;fg;gLk; Nju;r;rp kl;lk; 

5.2.1 (,) ,y; Fwpg;gplg;gl;Ls;s gbtj;jpw;Nfw;g f.ngh.j. (c.j) 
ngWNgw;W gj;jpuj;jpy; cs;slf;fg;gLk;.
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           gFjp II 

f.ngh.j. (c.ju)g; guPl;ir 2019 Mk; Mz;bYk; mjd; gpd;dUk; 

eilngwTs;s guPl;irf;fhd tpdhj;jhs; fl;likg;G

ghlq;fSk; ghl 

,yf;fq;fSk;

tpdhj;jhs; ˚ tpdhj;jhs; ˚˚

**
 N
e
uk
; 
(k
z
pj
;j
pa
hy

k
;)

gFjp A gFjp B

**
 N
e
uk
; 
(k
z
pj
;j
pa
hy

k
;)

gFjp A gFjp B gFjp C

*t
pd
ht

pd
; 
j
d
;i
k

n
j
up
T
f
s
pd
; 
v
z
;z
pf
;i
f

t
pd
hf
;f
s
pd
; 
v
z
;z
pf
;i
f

n
j
up
T
 
n
r
a
;J
 
t
pi
l
a
s
pf
;f
 
N
t
z
;b
a
 

t
pd
hf
;f
s
pd
; 
v
z
;z
pf
;i
f

*t
pd
ht

pd
; 
j
d
;i
k

n
j
up
T
f
s
pd
; 
v
z
;z
pf
;i
f

n
j
up
T
 
n
r
a
;J
 
t
pi
l
a
s
pf
;f
 
N
t
z
;b
a
 

t
pd
hf
;f
s
pd
; 
v
z
;z
pf
;i
f

* 
t
pd
ht

pd
; 
j
d
;i
k

t
pd
hf
;f
s
pd
; 
v
z
;z
pf
;i
f

n
j
up
T
 
n
r
a
;J
 
t
pi
l
a
s
pf
;f
 
N
t
z
;b
a
 

t
pd
hf
;f
s
pd
; 
v
z
;z
pf
;i
f

* 
t
pd
ht

pd
; 
j
d
;i
k

t
pd
hf
;f
s
pd
; 
v
z
;z
pf
;i
f

n
j
up
T
 
n
r
a
;J
 
t
pi
l
a
s
pf
;f
 
N
t
z
;b
a
 

t
pd
hf
;f
s
pd
; 
v
z
;z
pf
;i
f

* 
t
pd
ht

pd
; 
j
d
;i
k

t
pd
hf
;f
s
pd
; 
v
z
;z
pf
;i
f

n
j
up
T
 
n
r
a
;J
 
t
pi
l
a
s
pf
;f
 
N
t
z
;b
a
 

t
pd
hf
;f
s
pd
; 
v
z
;z
pf
;i
f

t
pi
l
a
s
pf
;f
 
N
t
z
;b
a
 
t
pd
hf
;f
s
pd
; 

n
k
hj
;j
 
v
z
;z
pf
;i
f

(01) ngsjpftpay; 2 1 5 50 50 3 3 4 4 4 6 4/6 8/10

(02) ,urhadtpay; 2 1 5 50 50 3 3 4 4 4 3 2/3 4 3 2/3 6/7

(07) fzpjk; 3 3, 4 10 10 4 7 5/7 3 4 10 10 4 7 5/7 15/17

(08) tptrha 

tpQ;Qhdk;
2 1 5 50 50 3 3 4 4 4 6 4/6 8/10

(09) capupay; 2 1 5 50 50 3 3 4 4 4 6 4/6 8/10

(10) ,ize;j fzpjk; 3 3, 4 10 10 4 7 5/7 3 4 10 10 4 7 5/7 15/17

(11) cau;fzpjk; 3 3, 4 10 10 4 7 5/7 3 4 10 10 4 7 5/7 15/17

* tpdhtpd; jd;ik
 1. gy;Nju;T 

 2. NtW FWtpil tif 

 3. fl;likg;G
 4. gFjpf; fl;likg;G
 5. fl;Liu tif
 6. nra;Kiw

** %d;W kzpj;jpahyq;fs; Neu msT nfhz;l midj;J tpdhj;jhs;fSf;Fk; tpil vOJtjw;F Kd;du; 

tpdhf;fis thrpj;J tpdhf;fisj; njupT nra;tjw;fhf %d;W kzpj;jpahyq;fSf;F Nkyjpfkhf 10 epkpl 

Neuk; toq;fg;gLk;.
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gFjp III 
Kd;Ndhb khjpup tpdhj;jhs;

f.ngh.j. (c.ju)g; guPl;ir rpNu~;l ,ilepiyf; fy;tp ,Wjpapy; elj;jg;gLk; ,Wjpr; rhd;wpjo;g; 

guPl;irahFk;. ,g;guPl;irapd; ngWNgWfs; mbg;gilapy; gy;fiyf;fofq;fs;> cau; fy;tp epWtdq;fs;> 

fy;tpapw; fy;Y}upfs; Mfpa epWtdq;fSf;F khztu;fisj; njupT nra;jy; eilngWtjhy; ,J xU 

njupTg; guPl;irapd; gz;GfisAk; nfhz;ljhf tpsq;FfpwJ.

,jw;fika f.ngh.j. (c.ju)g; guPl;ir tpdhj;jhs;fisj; jahupf;Fk;NghJ milTg; guPl;irapy; 

fhzg;glf; $ba gz;Gfspy; mjpf ftdk; nrYj;jg;gLtJld; ,g;ngWNgWfspd; mbg;gilapy; 

gy;fiyf;fofq;fs;> NtW cau; fy;tp epWtdq;fs; vd;gtw;Wf;F khztu;fisj; njupT nra;jYk; 

,lk; ngWtjhy; ,it gw;wpAk; ftdk; nrYj;jg;gl;L tUfpwJ. 

mjw;Nfw;g khztu;fspd; milit kjpg;gPL nra;tjw;F vOj;Jg; guPl;ir Kiwfspy; 

Kf;fpa ,lj;ij fl;Liutifr; NrhjidfSk; Gwtar; NrhjidfSk; (ghlj;Jld; ,ize;jjhf) 

gad;gLj;jg;gLfpd;wd. fl;Liu tifapyhd tpilfspy; guPl;rfu;fspd; jdpahs; ,ay;G nry;thf;Fr; 

nrYj;JtJld; Gwtar; Nrhjid tpdhf;fspy; xU rupahd tpil kl;Lk; fhzg;gLtjhy; mJ 

KOikahfj; jdpahs; mftaj; jd;ikaw;wjhff; fhzg;gLk;. ,f;fl;Liu tif> Gwta Nrhjid 

,uz;bw;Fk; ,ilapy; 'FW tpil tpdhf;fs;> mikg;Gf; fl;Liu tpdhf;fs;" vd;gtw;wpYk; jw;NghJ 

guPl;rfu;fspd; ftdk; nrYj;jg;gLfpwJ. mikg;Gf; fl;Liu tpdhf;fSf;F toq;f Ntz;ba 

tpilfs; tpdhtpy; Fwpg;gplg;gLk; rpy tiuaiwapDs; mikAkhW fl;Lg;gLj;jg;gLk;. ,jw;Nfw;g 

tpilfSf;Fg; Gs;sp toq;Fk;NghJ guPl;irfSf;fpilapy; Gs;sp toq;fypy; rkepiyj; jd;ikiag; 

ghJfhf;ff; $bajhf ,Ug;gjhy; Gwtatif tpdhf;fs;> mikg;Gf; fl;Liu tif tpdhf;fs; 

vd;gd guPl;irj; Jiwapy; Kf;fpa ,lj;ijg; ngWfpd;wJ.

mjw;fika f.ngh.j. (c.ju)g; guPl;irf;fhd tpdhf;fisj; jahupf;Fk;NghJ jtpu;f;f Kbahj 

re;ju;g;gq;fspy; kl;LNk fl;Liu tif tpdhf;fisg; gad;gLj;JtJld; Gwta tpdhf;fisj; jahupg;gjpy; 

$ba ftdk; nrYj;jg;gLfpwJ. ,JNghyNt f.ngh.j. (c.ju)g; guPl;ir tpdhf;fisj; jahupf;Fk;NghJ 

epidthw;wyhd mwpit kl;Lkd;wp fpufpj;jy;> gpuNahfk;> gFg;gha;T> njhFg;G> kjpg;gPl;L Mfpa caupa 

csj;jpwd;fisAk; mstplf;$ba tpjj;jpy; tpdhf;fisj; jahupg;gjpy; ftdk; nrYj;jg;gLfpwJ. 

,aYkhdtiuapy; nra;KiwAld; njhlu;ghd tpdhf;fisj; jahupg;gjpD}lhf khztu; ahjhapDk; 

xd;iw tpsf;fkhf mwpe;J nfhs;sy; fw;wy; Nfhl;ghLfis mJNghd;Nw NtW re;ju;g;gq;fspy; 

gad;gLj;Jjy;> gpur;rpid jPu;j;jy;> ju;f;f uPjpahf rpe;jpj;jy;> Gjpa MNyhridfs; Æ jpl;lq;fis 

Kd;itj;jy;> tplaq;fis xg;gPL nra;jy;> nkhopiar; rpwe;j tpjj;jpy; ifahSjy;> fUj;Jf;fisj; 

njspthf ntspg;gLj;jy; Mfpa jpwd;fs; khztu;fsplj;jpy; ve;jstpy; tpUj;jpaile;Js;sJ vd;gij 

mstpLk; tpjj;jpYk; tpdhf;fs; jahupf;fg;gLfpd;wd.

,g;gFjp ˚˚˚ ,y; tpdhj;jhs; fl;likg;G Gs;spfs; toq;Fk; tpjk; vd;gtw;Wld; Kd;Ndhb 

khjpup tpdhf;fSk; cs;slf;fg;gl;Ls;sJ. vdpDk; ,it khjpup tpdhg;gj;jpuq;fsy;y. vdNt 

tpdhg;gj;jpuq;fisj; jahupf;Fk;NghJ tpdhf;fspy; mlq;fpAs;s cggFjpfspd; vz;zpf;if Gs;spfs; 

toq;fg;gl Ntz;ba tpjk; vd;gd tpdhf;fs; jahupg;gjw;F mbg;gilahd ghlg;gFjpfSf;Nfw;gTk; 

re;ju;g;gq;fSf;Nfw;gTk; khw;wKila ,lKz;L.    

,q;F Fwpg;gplg;gl;Ls;s Kd;Ndhb khjpup tpdhf;fs; jtpu Gwtatif tpdhf;fs; fl;Liutif 

tpdhf;fs; vd;gd guPl;irf;fhfg; gad;gLj;jg;gLk;. gf;fk; 8 ,y; Fwpg;gplg;gLk; vy;yh tpdh tiffSk; 

NtW tpdh tiffSk; f.ngh.j. (c.ju)g; guPl;irf;fhd tpdhg;gj;jpuq;fspy; re;ju;g;gq;fSf;Nfw;g 

cs;slf;Fk; cupik guPl;ir Mizahsu; ehafj;Jf;FupajhFk;. 
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 Gwta Nrhjidfs; (Objective Tests)

toq;fy; tif

(Supply Type)
njupjy; tif

(Selection Type)

,izf;Fk; tif

(Matching Type)

tpdh tif (Question Type)
g+uzkw;w thf;fpa tif (Incomplete Statement Type)
vjpu;kiwahd tif (Negative Type)
$l;L tif (Combined Response Type)
rpwe;j tpil tif (Best Answer Type)
gy tpil tif (Multiple Response Type)
nghJtpil tif (Common Response Type)
gpujpaPl;L tif (Substitution Type)
Nrhbf; $w;W tif (Double Statement Type)
$w;Wk; fhuzKk; tif (Assertion & Reason Type)

,U Nju;T tif

(Alternative Type)
gy;Nju;T tif

(MCQ Type)

fl;Liu tif Nrhjidfs; (Essay Tests)

fl;Liu tif tpdhf;fs;

(Essay Type Questions)
mikg;Gf; fl;Liu tif tpdhf;fs;

(Structured Essay Type Questions)

nray; %yk; 

fl;likg;ghf;fy;

(Structuring
by function)

fl;Lg;gl;Lj;jg;gl;l 

Jyq;fy; tif

(Controlled Response 
Type)

cg tpupTfs; %yk; 

fl;likg;ghf;fy;

(Structuring
by using subsections)

jpwe;j 

Jyq;fy; tif

(Open Response 
Type)

toq;Fk; 

jftypD}L 

fl;likg;ghf;fy;

(Structuring
by information 
provided)
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(01) ngsjpftpay;

tpdhj;jhs; fl;likg;G

tpdhj;jhs;  I  -  Neuk; : 02 kzpj;jpahyq;fs;

5 njupTfs; tPjk; 50 gy;Nju;T tpdhf;fs;. vy;yh tpdhf;fSf;Fk; tpil 

vOJjy; Ntz;Lk;. xU tpdhTf;F 01 Gs;sp tPjk; nkhj;jk; 50 Gs;spfs;.

tpdhj;jhs;  II  -  Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplq;fs;)
,t;tpdhj;jhs; mikg;Gf; fl;Liu> fl;Liu vd;Dk; ,U gFjpfisf; 

nfhz;Ls;sJ.

gFjp A  -  ehd;F mikg;Gf; fl;Liu tif tpdhf;fs;. vy;yh tpdhf;fSf;Fk; 

tpil vOJjy; Ntz;Lk;. xt;nthU tpdhTf;Fk; 10 Gs;spfs; 
tPjk; 40 Gs;spfs;.

gFjp B  -  MW fl;Liu tif tpdhf;fs;. ehd;F tpdhf;fSf;F tpilnaOJjy; 

Ntz;Lk;. xt;nthU tpdhTf;Fk; 15 Gs;spfs; tPjk; 60 Gs;spfs;.

tpdhj;jhs; II ,w;F nkhj;jg; Gs;spfs; = 100
 

,Wjpg; Gs;spiaf; fzpj;jy;  :  tpdhj;jhs;  I     =   50
 tpdhj;jhs;  II    =  100 ÷ 2  =   50
 ,Wjpg; Gs;sp     = 100      

tpdhj;jhs; I
Kf;fpak; :

  *  vy;yh tpdhf;fSf;Fk; tpil vOJf.

*  rupahd my;yJ kpfg; nghUj;jkhd tpiliaj; njupe;njLf;f. 

 (gy;Nju;T tpdhf;fSf;F tpilaspg;gjw;Fupa jhs; toq;fg;gLk;.)

 (g = 10 N kg-1 )

1. %d;W khztu;fs; Vfgupkhz ce;jj;jpd; myif vOjpAs;s tpjq;fs; fPNo jug;gl;Ls;sd.  
 (A)  kgm/s (B)  kg  m  s-1 (C) kg  m/s
 SI Kiwf;Nfw;g Nkw;Fwpj;j myfpd; rupahd tpjk; / tpjq;fs;    
 (1)  (A) khj;jpuk;     (2)  (B) khj;jpuk; 
 (3)  (A), (B) Mfpad khj;jpuk;   (4)  (A), (C) Mfpad khj;jpuk;  
 (5) (B), (C) Mfpad khj;jpuk;

2. xU GNuhj;jdpd; Fthf; cs;slf;fk; 
 (1) uud (2) udd (3) uuu (4) uu (5) ud

3. E MdJ kpd; Gyr; nrwpthfTk; B MdJ fhe;jg; gha mlu;j;jpahfTk; ,Ug;gpd;> tpfpjk; E/
    B

 ,d; 
gupkhzq;fSf;Fr; rkkhd gupkhzq;fs; ,Ug;gJ     

 (1) tpirf;F (2) jpzpTf;F (3) ce;jj;Jf;F 
 (4) fjpf;F (5) fzj;jhf;Ff;F
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4. Xu; ,iof; FkpOf;Fj; jug;gl;Ls;s tptuf;$w;Wg; ngWkhdq;fs; 24 W, 12 V NeNuhl;l 

Nthy;w;wsthFk;. Fkpo; 1 epkplj;Jf;F xspUk;NghJ ,ioapD}lhfr; nry;Yk; Vw;wj;jpd; msT    
 (1) 2 C (2) 20 C   (3) 120 C (4) 2400 C (5) 3600 C

5. 2 kg jpzpTs;s Xu; cNyhfj;jpd; ntg;gepiyia 20 °C ,ypUe;J 50 °C ,w;F cau;j;Jtjw;Fj; 

Njitg;gLk; ntg;gj;jpd; msT 7.2 × 104 J MFk;. mt;TNyhfj;jpd; jd;ntg;gf; nfhs;ssT       
 (1) 100 J kg-1 K-1   (2) 120 J kg-1 K-1   (3) 600 J kg-1 K-1 
 (4) 1200 J kg-1 K-1   (5)  6000 J kg-1 K-1

6. nghd;dpd; Ntiyr; rhu;G 4.1 eV MFk;. xU nghd; Nkw;gug;gpypUe;J Xu; ,yj;jpuid mfw;Wtjw;Fj; 

Njitahd xU Nghl;ldpd; Fiwe;jgl;r kPbwd; (gpshq;fpd; khwpyp = 4.1 × 10-15 eV s& 
 (1) 7.2 × 1013 Hz   (2)  1.1 × 1014 Hz   (3)  3.8 × 1014 Hz
 (4) 0.8 × 1015 Hz   (5)  1.0 × 1015 Hz
          

A

B

P

V

7. cU Xu; ,yl;rpa thAtpd; xU rf;fur; nrad;Kiwiaf; fhl;Lfpd;wJ. 

thA A ,ypUe;J B ,w;F tpupAk;NghJ 50 J ntg;gj;ij cwpQ;Rfpd;wJ. 
B ,ypUe;J A ,w;F cs;s ghij NrwypypAk; thA kPJ nra;ag;gLk; 

Ntiy 60 J ck; MFk;. A ,ypUe;J B ,w;fhd ghijapy; thAtpd; 
mfr; rf;jpapy; cs;s khw;wk;             

 (1) -60 J (2) -30 J     (3) -10 J
 (4) 60 J (5)  110 J                                                 

k
m

 
                                                 

8. Xu; xg;gkhd Nkw;gug;G kPJ itf;fg;gl;Ls;s xU tpy; - jpzpTj; 

njhFjpapd; miyT kPbwd; f MFk;. tpy; khwpyp 4 klq;fhfTk; 
jpzpT m MdJ 2 klq;fhfTk; mjpfupf;fg;gLk;NghJ Gjpa 

miyT kPbwd; 
    

 (1) 1
√2  f (2)  √2  f   (3)  2 f (4) 4 f  (5)  8 f  

                 P

V

A

B

C

0 0

9. fdtsT V IAk; mKf;fk; P IAk; cila Xu; ,yl;rpa thA P-V 
tiugpy; fhl;lg;gl;Ls;sthW epiy A ,ypUe;J epiy B ,D}lhf 

epiy C ,w;F khWfpd;wJ. A, B, C Mfpa epiyfis xj;j thAtpd; 

jdp ntg;gepiyfs; KiwNa TA , TB , TC vdpd;> mt;ntg;gepiyfs; 

gw;wpa rupahd $w;W 
 (1) TA < TB < TC     (2) TA < TC < TB        
 (3) TB < TA < TC     (4) TB < TC < TA
 (5) TC < TA < TB

                M

V0
0

W

X
Y

Z
10. W, X, Y, Z vd;Dk; ehd;F jpz;kf; Fw;wpfspd; jpzpT M ck; 

fdtsT V ck; msf;fg;gl;L> mtw;wpd; ngWkhdq;fs; tiugpy; 

fhl;lg;gl;Ls;sthW Fwpf;fg;gl;Ls;sd. vf;Fw;wpfs; xNu 

jputpaj;jpdhy; nra;ag;gl;bUf;fyhk;?

    (1)  W, X  Mfpad (2) W,  Y Mfpad  (3) W, Z  Mfpad

 (4)  X, Z  Mfpad (5)  Y, Z  Mfpad    

                                    

30°

60 m s-1

h
11. mbj;j gpd;du; xU fpwpf;nfw; ge;J JLg;gpypUe;J 

fpilAld; 30° Nkd;Kff; Nfhzj;jpy; 60 m s-1 Ntfj;Jld; 
ntspNaWfpd;wJ. ge;J J}uj;jpy; cs;s xU fl;llj;jpd; 

$iu kPJ cUtpy; fhl;lg;gl;Ls;sthW gLfpd;wJ. ge;J 

$iu kPJ gLtjw;F vLj;j Neuk; 5 s vdpd;> mf;fl;llj;jpd; 

cauk; (h) MdJ       
 (1) 20 m (2)  24 m   (3)  25 m (4)  26 m  (5)  28 m
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12. 5 kg jpzpTs;s xU ngl;b xU fpil Nkw;gug;G kPJ itf;fg;gl;Ls;sJ. Nkw;gug;Gf;Fk; 

ngl;bf;FkpilNa cs;s epiyapay; cuha;Tf; Fzfk; 0.3 MFk;. ngl;b kPJ xU fpil tpir 10 N 
gpuNahfpf;fg;gLnkdpd;> ngl;b kPJ jhf;Fk; cuha;T tpir        

 (1) 1.5 N (2)  3 N   (3)  4.5 N (4) 10 N  (5)  15 N

       13. Xu; Cu;tyj;jpy; jPg;ge;ijr; Row;Wgtu; xUtu; cUtpy; fhl;lg;gl;Ls;sthW 

xU jPg;ge;jj;ij Miu r1  I cila xU fpil tl;lg; ghijapy; rPuhd Nfhz 

Ntfk; ω1 cld; Row;Wfpd;whu;. mtu; xU Gw KWf;fj;ijg; gpuNahfpf;fhky; 

ghijapd; Miuia r2 Mff; Fiwj;jhy;> jPg;ge;jpd; Gjpa Nfhz Ntfk;  
ω2 Ij; jUtJ

 (1) ω2 = 
r1
r2

 ω1    (2)  ω2 = ( r1
r2

)2
 ω1

 (3)  ω2 = ( r2
r1

)2
 ω1    (4) ω2 = 

r2
r1

 ω1

 (5)  ω2 =  ω1                 
                 

ρ2

ρ3 H2 = 10 cm
H1 = 15 cm ρ1

14. ρ1, ρ2,  ρ3 vd;Dk; mlu;j;jpfis cila %d;W ntt;NtW 

jputq;fs; cUtpy; fhl;lg;gl;Ls;sthW xU U tbtf; 
nfhs;fyj;jpy; ,lg;gl;Ls;sd. gpd;tUk; rkd;ghLfspy; vJ 

nfhs;fyj;jpy; cs;s jputq;fspd; mlu;j;jpfSf;fpilNa 

 cs;s rupahd njhlu;igj; jUfpd;wJ?       
 (1) 3ρ1 = 2ρ3 + ρ2    (2)  ρ3 = 2ρ1 + 3ρ2

 (3)  2ρ3 = 3ρ1 + ρ2      (4) ρ3 = 3ρ1 + 2ρ2  
 (5) ρ3 = ρ1 + ρ2
                 +2q+2q

+3q

+q
+q-q

-q

S1

S2

15. S1 MdJ mb Miu r IAk; cauk; 3r IAk; cila xU $k;gpd; Nkw;gug;Gk; 
S2 MdJ Miu r I cila xU Nfhs Nkw;gug;Gk; MFk;.

 

 tpfpjk;  
S1 ,D}lhf cs;s Njwpa kpd; ghak;

S2  ,D}lhf cs;s Njwpa kpd; ghak;
  MdJ

       
 (1) 1 (2)  2   (3)  4 (4) 15  (5)  16

16. ePsk; 2 m IAk; FWf;Fntl;Lg; gug;gsT 0.1 cm2 IAk; cila xU fk;gp aq;qpd; kl;L 12 × 1010  N m-2 I 
cila xU jputpaj;jpdhy; nra;ag;gl;Ls;sJ. fk;gp 0.01 mm ,dhy; <u;f;fg;gLk;NghJ mjpy; 

Njf;fp itf;fg;gLk; rf;jp  
 (1) 6 × 10-4 J (2)  3 × 10-4 J   (3)  10-4 J (4) 6 × 10-5 J (5)  3 × 10-5 J
                                    

n1

A

n2

B

n3

C

q

                  
17. n1, n2, n3 vd;Dk; KwpTr; Rl;bfis cila rkhe;jug; gf;fKs;s A, B, C vd;Dk; 

%d;W CLfhl;Lk; Clfq;fs; cUtpy; fhl;lg;gl;Ls;sthW xd;Nwhnlhd;W  

njhLifapy; itf;fg;gl;Ls;sd. Clfk; A ,dJk; Clfk; B ,dJk; 
,ilKfj;jpd; kPJ gLiff; Nfhzk; q MFk;. fjpu; Clfk; B ,dJk; 
Clfk; C ,dJk; ,ilKfj;jpy; kUtpdhy; sin q Ij; jUtJ   

 (1) n1/n3 (2) n2/n1   (3) n2/n3 (4) n3/n1  (5) n3/n2
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18. xU FtpT tpy;iyapdhy; Mf;fg;gLk; nka; tpk;gq;fSf;Fg; nghUs; J}uk; (u) ,w;F vjpNu tpk;gj;  
J}uk; (v) ,d; tiuig kpfr; rpwe;j tpjj;jpy; tifFwpg;gJ

 

 

0
0

v

u

 

0
0

v

u

 

0
0

v

u

       (1)          (2)          (3)

 

0
0

v

u

 

0
0

v

u

     (4)        (5)  
                           

A B
R

R R

R
R
R

R

R R

R R R

R R

R
R

R

R

R

R

19. fhl;lg;gl;Ls;s Rw;wpy; xt;nthU jilapAk; jil 
R If; nfhz;Ls;sJ. A ,w;Fk; B ,w;FkpilNa 
rktYj; jil  

 (1) R (2)  2R   (3)  4R  
 (4) 8R (5)  12R

20. nel;lhq;F miyfisAk; FWf;F miyfisAk; gw;wpa gpd;tUk; $w;Wfisf; fUJf.     
 (A)  FWf;F miyfs; xU jpz;k Clfj;jpd; topNa nrYj;jg;gLtjpy;iy.

 (B) nghwpKiwf; FWf;F miyfs; xU jputj;jpD}lhf my;yJ xU thAtpD}lhfr;  

 nrYj;jg;gLtjpy;iy. 
 (C) xyp miyfs; nel;lhq;F miyfshf ,Uf;Fk; mNj Ntis kpd;fhe;j miyfs; FWf;F 

  miyfshFk;. 
 Nkw;Fwpj;j $w;Wfspy;     
 (1)   (A) khj;jpuk; cz;ikahdJ.    (2)  (B) khj;jpuk; cz;ikahdJ.

 (3) (C) khj;jpuk; cz;ikahdJ.   (4)  (A), (B) Mfpad khj;jpuk; cz;ikahdit. 

(5)   (B), (C) Mfpad khj;jpuk; cz;ikahdit. 
 
21. tpirfs; gw;wpa gpd;tUk; $w;Wfisf; fUJf.     
 (A)  xU nghUisj; njhlu;r;rpahf ,aq;fr; nra;tjw;F xU tpir Njitg;gLfpwJ. 
 (B)  xU ge;ij vwpe;j gpd;du; mjid tPRtjw;Ff; ifapdhy; gpuNahfpf;fg;gl;l tpir ge;J kPJ 

  njhlu;e;J ,Uf;Fk;. 
 (C) jpzpT × Mu;KLfy; vd;Dk; ngUf;fk; xU tpirahff; fUjg;gLtjpy;iy. 
 Nkw;Fwpj;j $w;Wfspy;     
 (1)  (A) khj;jpuk; cz;ikahdJ.    (2) (B) khj;jpuk; cz;ikahdJ.

 (3) (C) khj;jpuk; cz;ikahdJ.   (4)  (A), (B) Mfpad khj;jpuk; cz;ikahdit. 
 (5)  (B), (C) Mfpad khj;jpuk; cz;ikahdit.

 
 

x
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22. 1 m ,ilj;J}uj;jpdhy; Ntwhf;fg;gLk; ,U ePz;l Neupa rkhe;juf; fk;gpfs; xt;nthd;wpD}lhfTk;  

10 A Xl;lk; vjpu;j; jpirfspy; gha;fpd;wJ. xt;nthU fk;gpapdJk; xU kPw;wUf;Fj; jhf;Fk; 

tpirfspd; gUkDk; ,ay;Gk; (μ0 = 4π × 10-7 T m A-1)    
 (1) 2 × 10-7 N m-1 xd;iwnahd;W ftUfpd;wd MFk;.    
 (2)  2 × 10-7 N m-1 xd;iwnahd;W js;Sfpd;wd MFk;.

 (3) 2 × 10-5 N m-1 xd;iwnahd;W ftUfpd;wd MFk;.    
 (4)   2 × 10-5 N m-1 xd;iwnahd;W js;Sfpd;wd MFk;. 
 (5)  2 × 10-4 N m-1 xd;iwnahd;W js;Sfpd;wd MFk;.

23. ,U KidfspYk; jpwe;j> nrg;gQ;nra;aj;jf;f ePsKs;s Xu; xLf;fkhd Foha; tspapy; 

itf;fg;gl;Ls;sJ. kPbwd; 680 Hz I cila Xu; xyp Kjy; Fohapd; xU Kidf;F mz;ikapy; 

itf;fg;gl;Ls;sJ. Fohapd; ePsk; gpd;tUkhW (A, B, C) nrg;gQ;nra;ag;gl;lJ. (tspapy;  

xypapd; fjp = 340  m  s-1)     
 (A) 125 mm (B) 250 mm (C) 500 mm  
 Nkw;Fwpj;j ePsq;fspy; gupT eilngwj;jf;fJ     
 (1)  (A)  cld; khj;jpuk;    (2)  (B)  cld; khj;jpuk; 
 (3) (C)  cld; khj;jpuk;    (4)  (A), (B) Mfpatw;Wld; khj;jpuk;  
 (5)  (B), (C) Mfpatw;Wld; khj;jpuk; 

                                                f1 = 40 cm f2 = 40 cm 

L2L1
30 cm 

24. tupg;glj;jpy; 30 cm  ,ilj;J}uj;jpy; Xur;rhf itf;fg;gl;l 
L1,  L2 vd;Dk; ,U nky;ypa tpy;iyfs; fhl;lg;gl;Ls;sd. 

,t;tpy;iyfs; xt;nthd;wpdJk; Ftpaj; J}uk; 40 cm 
MFk;. xU rkhe;ju xspf; fw;iw L1 kPJ gLfpd;wJ. ,U 
tpy;iyfspD}lhfTk; Kwptpd; gpd;du; cz;lhFk; ,Wjp 

tpk;gk;     
 (1)  nka;ahdJ> L1 ,w;Fk; L2 ,w;FkpilNa   
 (2)  nka;ahdJ> L2 ,d; tyg; gf;fj;jpy;
  (3) khakhdJ> L1 ,d; ,lg; gf;fj;jpy;  
 (4)  khakhdJ> L1 ,d; tyg; gf;fj;jpy; 
 (5)  Kbtpypapy; 

25. gpd;tUk; $w;Wfspy; vJ kpd; Gyf; NfhLfs; gw;wp cz;ikahdjd;W?     
 (1) kpd; Gyf; NfhLfs; vg;NghJk; cau; kpd; mOj;jj;jpypUe;J jho; kpd; mOj;jj;jpw;F cs;sd. 
 (2) kpd; Gyk; typikahf ,Uf;Fk; ,lj;jpy; kpd; Gyf; NfhLfs; xd;Wf;nfhd;W fpl;l ,Uf;Fk;. 
 (3) Xu; ,yj;jpuid xU kpd; Gyf; Nfhl;bd; jpir topNa ,aq;fr; nra;Ak;nghJ Ntiy ntspNa 

 nra;ag;gl Ntz;Lk;.

 (4) kpd; Gyf; NfhLfs; xd;iwnahd;W ftUtjw;F ehLfpd;wd.    
 (5) kpd; Gyf; NfhLfs; rktOj;j Nkw;gug;GfSf;F vg;NghJk; nrq;Fj;jhdit.

                
P

0
0

S
Q

x

xY

26. xU nfhs;sstpapd; P, Q vd;Dk; jl;Lfs; xU NeNuhl;l kpd; tY 

toq;fYld; njhLf;fg;gl;L> mtw;Wf;fpilNa jputpak; S ,dhw; 
nra;ag;gl;l xU Fw;wp GFj;jg;gl;Ls;sJ. xU fzpak; Y ,d; ngWkhdk; 
fhl;lg;gl;Ls;sthW jl;LfSf;fpilNa P ,ypUe;J msf;fg;gLk; J}uk; 

 x cld; khwf; fhzg;gLfpd;wJ. gpd;tUk; $w;Wfspy; vJ cz;ikahdJ?

 (1)   S Xu; cNyhfKk; Y kpd; Gyr; nrwpTk; MFk;. 
 (2)  S xU fhtypAk; Y kpd; Gyr; nrwpTk; MFk;.

 (3) S xU fhtypAk; Y kpd; mOj;jg; gbj;jpwDk; MFk;.

 (4)   S Xu; cNyhfKk; Y kpd; mOj;jKk; MFk;. 
 (5)  S xU fhtypAk;  Y kpd; mOj;jKk; MFk;.
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P

X

Y

l Q

                                                                                 
27. cUtpy; xU rkepiyg;gl;l mOj;jkhdpr; Rw;W fhl;lg;gl;Ls;sJ.

 gpd;tUk; $w;Wfisf; fUJf.
      
 (A) mOj;jkhdpf; fk;gp PQ ,D}lhfTk; fyk; Y ,D}lhfTk;  

 cs;s Xl;lq;fs; rkk;.

 (B) fyk; Y ,d; mfj; jilapy; Xu; mjpfupg;G Vw;gLk;NghJ 

rkepiyia Vw;gLj;Jtjw;F l ,y; mjpfupg;G Vw;gl 

Ntz;Lk;.

 (C) X  ,d; jilapy; mjpfupg;G Vw;gLk;NghJ rkepiyia 

  Vw;gLj;Jtjw;F l ,y; mjpfupg;G Vw;gl Ntz;Lk;.  
 Nkw;Fwpj;j $w;Wfspy;    
 (1) (A) khj;jpuk; cz;ikahdJ.   
 (2) (B) khj;jpuk; cz;ikahdJ.

 (3)  (C) khj;jpuk; cz;ikahdJ.   

 (4) (A), (B) Mfpad khj;jpuk; cz;ikahdit. 
 (5)  (B), (C)  Mfpad khj;jpuk; cz;ikahdit. 

28. xU Fwpj;j fjpu;j;njhopw;ghl;L khjpupapy; Neuk; t = 0 ,y; cs;s fUf;fspd; vz;zpf;if N0 
MFk;. Neuk; t cld; Nja;e;j fUf;fspd; vz;zpf;if N ,d; khwiy kpfr; rpwe;j tpjj;jpy; 
tifFwpg;gJ        

 

 

N
N0

t0
0  

0
0

N
N0

t  
0

0

N
N0

t

       (1)          (2)          (3)

 
0

0

N
N0

t  
0

0

N
N0

t

        (4)           (5) 

29. xt;nthU kpy;ypad; rpypf;fd; mZf;fspy; xU rpypf;fd; mZ Xu; Mrdpf;F mZtpdhy; 

gpujpitf;fg;gLkhW xU rpypf;fd; Jz;L Mrdpf;fpdhy; khRgLj;jg;gLfpd;wJ. Mrdpf;F 

fhuzkhf cs;s RahjPd ,yj;jpud;fspd; mlu;j;jp (mtfhjNuhtpd; vz; = 6.0 × 1023 mol-1 vdf; 

nfhs;f; Si ,d; %yu;j; jpzpT = 28.0 g mol-1 ; Si ,d; mlu;j;jp = 2.0 g cm-3)   

 (1) 1
28  × 1016 cm-3 (2) 3

28  × 1016 cm-3 (3) 1
7  × 1017 cm-3 

 (4) 2
7  × 1017 cm-3 (5) 3

7  × 1017 cm-3
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d
x cNyhfk;

30. jbg;G x I cila Xu; cNyhff; Fw;wp cUtpy; fhl;lg;gl;Ls;sthW 

xU rkhe;juj; jl;Lf; nfhs;sstpapDs;Ns nrYj;jg;gl;Ls;sJ. 

,U jl;LfSf;FkpilNa cs;s Ntwhf;fk; d MFk;. nrYj;jg;gl;l 

cNyhff; Fw;wpapd; jbg;G x cld; Nkw;Fwpj;j njhFjpapd; gypj 

(gad;gL) nfhs;sstk; C ,d; khwiy kpfr; rpwe;j tpjj;jpy; 

tifFwpg;gJ    
 
 

 

C

0
0 xd  

0
0

C

xd  
0

0

C

xd
         (1)          (2)          (3)

 
0

0

C

xd  
0

0

C

xd
          (4)           (5) 

                                

D

A
B

C
I1

I2

31. Miu r I cila xU rPuhd tl;lf; fk;gp cUtpy; fhl;lg;gl;Ls;sthW 

xU gw;wupAld; Gs;sp A ,Yk; B ,Yk; njhLf;fg;gl;Ls;sJ. ePsk; l1 I 
cila gFjp ACB ,D}lhf cs;s Xl;lk; I1 ck; ePsk; l2 I cila 

gFjp ADB ,D}lhf cs;s Xl;lk; I2 ck; MFk;. tl;lf; fk;gpapd; 

ikaj;jpy; cs;s fhe;jg; gha mlu;j;jpapd; gUkd;

 (1) G+r;rpak;   (2) 
μ0

4πr2  (I1l2- I1l1)   (3) 
μ0

4πr2  (I1l1+ I2l2) 

 (4) 
μ0

2πr2  (I1l1+ I2l2)   (5) 
μ0

2πr2  (I1l2- I2l1)

                  
FP

Q32. cUtpy; fhl;lg;gl;Ls;s jUf;fr; Rw;Wg; gw;wpa gpd;tUk; $w;Wfisf; fUJf.

 (A)  P = 1 MfTk; Q = 1 MfTk; ,Uf;Fk;NghJ gag;G F = 1 MFk;.

 (B)  P = 1 MfTk; Q = 0 MfTk; ,Uf;Fk;NghJ gag;G F = 1 MFk;.

 (C)  P = 0 MfTk; Q = 1 MfTk; ,Uf;Fk;NghJ gag;G F = 0 MFk;.

 Nkw;Fwpj;j $w;Wfspy;    
 (1) (A) khj;jpuk; cz;ikahdJ.    (2)  (B) khj;jpuk; cz;ikahdJ.  
 (3) (C) khj;jpuk; cz;ikahdJ.    (4)  (A), (B) Mfpad khj;jpuk; cz;ikahdit.   
 (5)  (B), (C) Mfpad khj;jpuk; cz;ikahdit. 

 

f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - ngsjpftpay;



-17-

f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - ngsjpftpay;

- 17 -

                                               

A B
33. cUtpy; ,U ru;trk ,Uthapfspd; xOq;fikg;G 

fhl;lg;gl;Ls;sJ. xOq;fikg;Gf;F kpfg; nghUj;jkhd I - V 
rpwg;gpay;G tisapiaj; jUtJ (,q;F V MdJ A ,w;Fk; 
B ,w;FkpilNa cs;s mOj;j tpj;jpahrKk; I MdJ AB  
,D}lhf cs;s Xl;lKk; MFk;.)  

 

 

I

V
0

0

 

0
0

I

V

    

0
0

I

V

       (1)          (2)             (3)

 

0
0

I

V

 

0
0

I

V

        (4)           (5)  

                   

3 Ω

3 Ω 3 μF

3 μF

36 V

S BA
34. fhl;lg;gl;Ls;s Rw;wpy; Msp S jpwe;jpUf;Fk;NghJ A ,w;Fk; B  

,w;;FkpilNa cs;s mOj;j tpj;jpahrk; (VA - VB) ck; me;j Msp 

%lg;gl;bUf;Fk;NghJ A ,w;Fk; B ,w;FkpilNa cs;s mOj;j 

tpj;jpahrKk; KiwNa (fyj;jpd; mfj; jil Gwf;fzpf;fj;jf;fJ)  

 (1) 18 V, 9 V  (2)  9 V, 9 V (3)  18 V, 0 V

 (4)  0 V, 18 V (5)  36 V, 18 V

35. Xu; Vw;wg;gl;l Jzpf;if xU rPuhd fhe;jg; Gyj;jpw;Fr; nrq;Fj;jhfg; GFfpd;wJ. gpd;tUk; 

$w;Wfisf; fUJf.

 (A) Jzpf;ifapd; Vfgupkhz ce;jk; khWfpd;wJ.

 (B) Jzpf;ifapd; ,af;fg;ghl;Lr; rf;jp khwhky; ,Uf;fpd;wJ.

 (C) Jzpf;if kPJ fhe;jg; Gyj;jpdhy; nra;ag;gLk; Ntiy G+r;rpakhFk;.    
 Nkw;Fwpj;j $w;Wfspy;    
 (1) (B) khj;jpuk; cz;ikahdJ.   (2)  (A), (B) Mfpad khj;jpuk; cz;ikahdit.

 (3) (B), (C) Mfpad khj;jpuk; cz;ikahdit. (4) (A), (C)  Mfpad khj;jpuk; cz;ikahdit. 
 (5)   (A), (B), (C) Mfpa vy;yhk; cz;ikahdit.

                         

A
B
C

36. tupg;glj;jpw; fhl;lg;gl;Ls;sthW xU kpd; Gyf; NfhL topNa A, B, C 
Mfpa Gs;spfs; Fwpf;fg;gl;Ls;sd. ,q;F AB = BC MFk;. B ,y; cs;s 

kpd; mOj;jk; G+r;rpankdpd;> gpd;tUtdtw;wpy; vJ A ,Yk; C ,Yk; cs;s 

,ay;jF mOj;jq;fis KiwNa jUfpd;wJ?

  
 (1) -20 V ,  +20 V (2) -20 V ,  -35 V (3) -30 V ,  -70 V
 (4) +20 V ,  -20 V (5) +25 V ,  -40 V
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                 R
A B

C

v37. fhl;lg;gl;Ls;sthW jhspypUe;J ntspNa topg;gLj;jg;gl;bUf;Fk; xU 

rPuhd fhe;jg; Gyj;jpd; xU gpuNjrj;jpypUe;J xU Kf;Nfhzr; RUs; xU 

khwhf; fjp v ,y; ntspNa ,Of;fg;gLfpd;wJ. gpd;tUk; $w;Wfisf; 

fUJf. 
 (A)  RUs; ABC ,y; J}z;ba kp.,.tp. ,d; gUkd; Neuj;Jld; xU   

 rPuhd tPjj;jpy; Fiwfpd;wJ.

 (B) xU J}z;ba Xl;lk; B ,ypUe;J A ,w;Fj; jilap R ,D}lhfg;   

 gha;fpd;wJ. 
 (C) RUs; ABC ,D}lhfr; nry;Yk; fhe;jg; ghak; Neuj;Jld; xU rPuhd 

  tPjj;jpy; Fiwfpd;wJ. 
 Nkw;Fwpj;j $w;Wfspy;

 (1)  (A) khj;jpuk; cz;ikahdJ.   (2)  (B) khj;jpuk; cz;ikahdJ. 
 (3)  (C) khj;jpuk; cz;ikahdJ.   (4) (A), (B)  Mfpad khj;jpuk; cz;ikahdit. 

(5)  (A), (C)  Mfpad khj;jpuk; cz;ikahdit.

38. tupg;glj;jpy; xt;nthd;Wk; nfhs;sstk; C I cila 12 ru;trkf; nfhs;sstpfspd; Nru;khdk; 
fhl;lg;gl;Ls;sJ. Gs;sp A ,w;Fk; Gs;sp B ,w;FkpilNa cs;s rktYf; nfhs;sstk; 

                                                                          

A

B
   
 (1) 0.5 C (2) 0.75 C   (3) 1.0 C (4) 1.5 C  (5) 3.0 C
                                   

3 cm

3 cm

1 cm39. xU fhupy; nry;Yk; egu; xUtu; cUtpy; fhl;lg;gl;Ls;sthW Xu; cUis 

tbtj; NjePu;f; fpz;zj;ij epiyf;Fj;jhfg; gpbj;jpUf;fpd;whu;. fhupd; 

mjpu;itg; Gwf;fzpf;Fk;NghJ NjePu; vJTk; topahjthW fhu; nry;yj;jf;f 

cau;e;jgl;r Mu;KLfy; ahJ?       
 (1) g

3    (2)  g
2

   (3)  g
1.5

 (4) g   (5)  1.5 g

40. tspapy; Ntfk; v cld; tpOk; xU nghUs; kPJ jhf;Fk;; <Uif tpir 
1
2  daCAv2 ,dhy; jug;gLfpd;wJÉ 

,q;F da MdJ tspapd; mlu;j;jpAk; A MdJ tpOk; nghUspd; tpOe; jpirf;Fr; nrq;Fj;jhd FWf;F 

ntl;Lg; gug;gsTk; C xU khwpypAk; MFk;. Miu r I cila xU kioj; Jspapd; KbT Ntfk;  
vt Ij; jUtJ (dw = ePupd; mlu;j;jp; kioj; Jspapd; kPJ jhf;Fk; NkYijg;igg; Gwf;fzpf;f.) 

 (1) vt = [ 4
3  ( dw

da
)( rg

C )]
1
2   (2) vt = [ 1

3  (
da
dw

)( rg
C )]

1
2    (3) vt = [ 1

2  ( dw
da

)( C
rg )]

1
2  

 (4) vt = [ 8
3  ( dw

da
)( rg

C )]
1
2   (5) vt = [ 1

2  (
da
dw

)( C
rg )]

1
2

41. fz;zhbr; Rtu;fs; cs;s Xu; milj;j miwapd; fz;zhb kPJ cl;gf;fq;fspy; ePuhtp gbe;jpUf;ff; 

fhzg;gLfpd;wJ. gpd;tUk; nrad;Kiwfspy; vJ fz;zhb kPJ cs;s ePuhtpia mfw;wyhk;?      
 (1) miwapy; cs;s xU fzpdpiaj; njhopw;glhky; epw;ghl;ly;.

  (2) miwapy; nfhjpePiuf; nfhz;l xU ghj;jpuj;ij itj;jy;.

 (3) miwapy; cs;s xU tspr;rPuhf;fpiaj; njhopw;glr; nra;jy;.

 (4) miwapy; cs;s xU FspNuw;wpiaj; njhopw;glhky; epw;ghl;ly;. 

 (5) miwapy; gdpf;fl;biaf; nfhz;l xU ngupa ghj;jpuj;ij itj;jy;.
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O

2 m s-1

police

42. kPbwd; 338 Hz I cila xU iruid xypf;Fk; xU nghyP]; fhu; xypiaj; 

njwpf;fr; nra;Ak; xU epiyf;Fj;Jj; jLg;ig Nehf;fp xU rPuhd Ntfk;  
2  m  s-1 cld; ,aq;Ffpd;wJ. fhUf;Fk; jLg;Gf;FkpilNa O ,y; epw;Fk; 
xU Nehf;Feu; Nfl;Fk; mbg;G kPbwd; (tspapy; xypapd; Ntfk; = 340  m  s-1)    

 (1) 0 Hz (2)  2 Hz   (3)  4 Hz (4) 6 Hz  (5)  8 Hz

               

320 m

40 m s-1
43. xU thfdk; xU rPuhd Ntfk; 40 m s-1 cld; ,aq;Fk;NghJ 

mjd; $iuapypUe;J njhq;ftplg;gl;l Xu; vspa Crypd; 

Mtu;j;jd fhyk; T MFk;. cUtpy; fhl;lg;gl;Ls;sthW 

thfdk; Miu 320 m I cila xU tisgug;G cs;s 

xU ghyj;jpy; mNj fjpAld; gpuNtrpf;fpd;wJ. thfdk; 

ghyj;jpd; mjpAau; jhdj;ij milAk;NghJ Crypd; Gjpa 

Mtu;j;jd fhyj;ijj; jUtJ (tupg;glk; mstpilf;F 

tiuag;gltpy;iy.)    
 (1) 1

√2  T (2)    2
√ 3  T   (3) T (4)   3

√ 2  T  (5)   √3T

                                          
44. xU ePu;f; Foha;g; ghijapy; Xu; milj;j thy;Tld; mjw;Ff; fpl;lj; 

njhLf;fg;gl;l Xu; mKf;ff; fzpr;rp 3.5 × 105 N m-2 vd thrpf;fpd;wJ. thy;T 
jpwf;fg;gLk;NghJ fzpr;rpapd; thrpg;G 3.0 × 105 N m-2 ,w;Ff; Fiwfpd;wJ. 
Fohapy; ePu; ghAk; fjp (ePupd; mlu;j;jp 103 kg m-3 MFk;.&     

 (1) 1 m s-1 (2) 4 m s-1   (3) 5 m s-1 (4) 8 m s-1 (5) 10 m s-1

                    

                       
45. cs;shiu a I cila xU rptpwpapD}lhf tpOk; Miu R I cila 25 ePu;r; rpWJspfspd; 

jpzpT m vdpd;> ePupd; gug;gpOit T Ij; jUtJ     

 (1) T = 
mg

50 π R    (2)  T = 
m g

25 π R    (3) T = 
mg R

50 π a2  

 (4) T = 
mg

2 π a    (5)  T = 
m g

50 π a
            

X

Y

Z

  
46. Xu; ,yj;jpud; X - Y jsj;jpd; kPJ ,aq;Ffpd;wJ. mjd; ghij tl;lkhdjhf 

mikahj tise;j ghijahf ,Uf;ff; fhzg;gLfpd;wJ. ,yj;jpud; kpd; 

mj;Jld;$my;yJ fhe;j tpirfis mDgtpj;jhy;> (EX, EY > EZ ck;  BX, BY 
> BZ  ck; KiwNa kpd; Gyr; nrwptpdJk; fhe;jg; gha mlu;j;jpapdJk; 
X, Y, Z $WfshFk;& EX, EY, EZ ,w;Fk; BX, BY, BZ ,w;Fk; ,Uf;fj;jf;f 

mDkjpf;fj;jf;f epiyik (GtpaPu;g;gpd; tpisitg; Gwf;fzpf;f.)     

 (1)   EX = EY = EZ = 0, BX = BY = BZ = 0     (2)  EX ≠ 0, EY ≠ 0, Ez = 0, BX ≠ 0, BY ≠ 0, BZ ≠ 0 

 (3) EX = 0, EY = 0, EZ = 0,  BX = BY = 0, BZ ≠ 0  (4) EX ≠ 0, EY ≠ 0, EZ ≠ 0, BX = BY= BZ = 0 

 (5)  EX ≠ 0, EY ≠ 0, EZ = 0, BX = BY = 0, BZ ≠ 0 

47. jpzpT m I cila xU nra;kjp jpzpT M IAk; Miu R IAk; cila Gtpiar; Rw;wpr; nry;fpd;wJ. 

Gtpapd; Nkw;gug;gpypUe;J nra;kjpapd; J}uk; R
2  MFk;. Gtpapd; Nkw;gug;gpypUe;J nra;kjpapd;  

J}uj;ij R
2   ,ypUe;J  R ,w;F mjpfupf;fr; nra;tjw;Fj; Njitg;gLk; Nkyjpfr; rf;jpiaj; jUtJ    

 (1) GMm
12 R  (2)  GMm

6 R    (3)  GMm
4 R  

 (4)   GMm
2 R  (5)  GMm

R
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T

48. tspapy; xypapd; fjpiaf; fhz;gjw;Fg; gad;gLj;jj;jf;f xU 

gupNrhjidKiw xOq;fikg;G cUtpy; fhl;lg;gl;Ls;sJ. ePu; Xu; 

xLf;fkhd Foha; T ,D}lhff; FWf;Fntl;Lg; gug;gsT 2.0 × 10-3 m2 
I cila Xu; caukhd epiyf;Fj;Jf; Fohapy; epug;gg;gLfpd;wJ. 

Fohapy; xU jho;e;j ePu; kl;lk; ,Uf;f ePu; kl;lj;jpw;F NkNy cs;s 

tsp epuy; kPbwd; 180 Hz I cila Xu; ,irf; fitapdhy; mjpur; 

nra;ag;gLk;NghJ gupT Nfl;fg;gLfpd;wJ. FohapDs;Ns 2.0 × 10-3 m3 
vd;Dk; xU Nkyjpf ePupd; msT T ,Ds; mDg;gg;gLk;NghJ mLj;j 

gupT Nfl;fg;gLfpd;wJ. mJNt xOq;fikg;gpypUe;J Nfl;fg;glj;jf;f 

,Wjpg; gupthFk;. mjpUk; tsp epuypd; miyePsKk; tspapy; xypapd; 

fjpAk; KiwNa         
 (1) 2.0 m, 360 m s-1     (2) 1.0 m, 360 m s-1   (3) 0.5 m, 360 m s-1 
 (4) 1.0 m, 180 m s-1     (5) 0.5 m, 180 m s-1

                        

TC
TB

TA

C

A

B

49. ru;trkf; FWf;Fntl;Lg; gug;gsit cila> xNu jputpaj;jpdhyhd 

%d;W Nfhy;fs; cUtpy; fhl;lg;gl;Ls;sthW Xu; ,Urkgf;f 

Kf;Nfhzp ABC ,d; gf;fq;fis mikf;fpd;wd. Nfhy;fs; A, B Mfpa 

%iyfspy; jtpu Kw;whf ,Ofplg;gl;Ls;sd. cWjp epiyapy;  

A, B, C Mfpa Gs;spfspy; ntg;gepiyfs; KiwNa TA, TB > TC MFk;. 
TB > TC > TA vdpd;> 

    

 (1) TC = 
TB + √2TA

√2    + 1
   (2) TC = 

TB + TA

√2 + 1
   (3) TC = 

TB + TA

2
 

 (4) TC = 
√2(TB + TA)

√2 + 1
   (5) TC = 

√2TB + TA

√2 + 1
                             

MA
B

X

Y

2a
M

50. jpzpT M I cila A, B vd;Dk; ,U rk jpzpTfs; cUtpy; 

fhl;lg;gl;Ls;sthW X - mr;R kPJ itf;fg;gl;Ls;sd. A ,d; 
Miu R MFk;. B xU Gs;spj; jpzpthFk;. X ,d; Neu;j; jpir 
topNa x(x ≥ R) cld; ,U jpzpTfs; fhuzkhfTk; Mf;fg;gLk; 

GtpaPu;g;Gg; Gyr; nrwpT (g) ,d; khwiy kpfr; rpwe;j tpjj;jpy; 
tifFwpg;gJ      

 

 

g

R xa 2a0 0

-GM
  R2

  GM
  R2

 

g

R xa 2a0 0
-GM
  R2

  GM
  R2

    

g

R xa 2a0 0
-GM
  R2

  GM
  R2

 

  (1)  (2)  (3)                    

 

g

R xa 2a0 0

-GM
  R2

  GM
  R2

          

g

R xa 2a0 0

-GM
  R2

  GM
  R2

      

   (4)  (5)
   

*  *  *

f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - ngsjpftpay;



-21-
f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - ngsjpftpay;

- 21 -

(01) ngsjpftpay;
tpdhj;jhs; II

  *  gFjp A ,y; vy;yh tpdhf;fSf;Fk; tpil vOJf.

*  gFjp B ,y; ehd;F tpdhf;fSf;F khj;jpuk; tpil vOJf.

gFjp A - mikg;Gf; fl;Liu

(g = 10 N kg-1)

1.  xU Kf;Nfhy; juhrpd; gUk;gbg; glk; gpd;tUk; cUtpy; fhl;lg;gl;Ls;sJ. mstPLfis vLg;gjw;Fj; 
juhR jahuhf ,Uf;Fk;NghJ Nfhy;fspd; kPJ cs;s MP , MQ > MR Mfpa jpzpTfs; ,lf;if 
me;jj;jpy; ^ZZ1 ,y;& cs;sd. njhFjp rkepiyapy; ,Uf;Fk;NghJ O ,D}lhff; Nfhy;fSf;Fr; 
nrq;Fj;jhf cs;s fpil mr;irg; gw;wpj; jl;bdJk; mjd; ,izg;GfspdJk; epiwapd; jpUg;gk; 
MP , MQ > MR Mfpa jpzpTfspd; epiwfspd; jpUg;gq;fspdJk; %d;W Nfhy;fspdJk; epiwfspd; 
jpUg;gq;fspdJk; $l;Lj;njhiff;Fr; rkkhFk; (jl;by; xU jpUfhzpapd; epiw W ck; mlq;Fk;).

  

O

a b

c
W

MR

MQ

Z

Y

Z'

X

MP

 (a) cUtpy; fhl;lg;gl;Ls;s cUg;ngUj;j msf;Fk; mstpiliag; gad;gLj;jpj; juhrpd; 
,opntz;zpf;ifiaf; fhz;f.

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

 (b) jl;L kPJ jpzpT itf;fg;glhjNghJk; MP, MQ > MR Mfpa jpzpTfs; ,lf;if me;jj;jpYk;  

^ZZ1 ,y;& ,Uf;Fk;NghJk; njhFjp rkepiyg;gl Ntz;Lk;. mt;thW ,y;yhtpl;lhy;> ePu; 

Njitahd rkepiyia vq;qdk; ngWtPu;? 

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

 (c) jl;L kPJ itf;fg;gl;Ls;s xU jpzptpd; Xu; mstPl;ilg; ngWtjw;F MP, MQ > MR Mfpa 

jpzpTfs; rupahfj; jhdg;gLj;jg;gl Ntz;Lk;. ve;jj; jpzpT / jpzpTfs; gpd;tUkhW nrg;gQ; 
nra;ag;gLfpd;wJ / nrg;gQ;nra;ag;gLfpd;wd? 

  (i) njhlu;r;rpahf      ...........................................................................................
  (ii) jdpj;jdpahf (gbKiwfspy;)   ...........................................................................................

 (d) jl;L kPJ xU jpzpT m itf;fg;gl;bUf;Fk;NghJ rkepiyiag; ngWtjw;F cupa Nfhy;fs; 
topNa MP, MQ > MR Mfpa jpzpTfs; ZZ' ,ypUe;J ,lk;ngau;f;fg;gl;l msTfs; KiwNa 
d1, d2 > d3 MFk;. m, MP, MQ > MR , d1, d2 " d3 > a Mfpatw;iwj; njhlu;GgLj;Jk; xU rkd;ghl;il 

vOJf.  
  .........................................................................................................................................................

 (e) Nfhy;fspd; tyf; if me;jj;jpy; X mj;Jld; / my;yJ Y ,y; Nkyjpfj; jpzpT vJTk; 
njhq;ftplg;glhjNghJ ,j;juhirg; gad;gLj;jp msf;fj;jf;f cau;e;jgl;rj; jpzpT ahJ? 

  .........................................................................................................................................................
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 (f) ePu; NkNy (e) ,y; tpilahff; fhl;ba jpzptpYk; ghu;f;fg; ngupa jpzpTfis msf;f 
Ntz;bapUe;jhy;> 500 g, 1000 g vdf; Fwpf;fg;gl;Ls;s Nkyjpfkhf toq;fg;gLk; jpzpTfspy; 
xd;iw my;yJ ,uz;ilAk; X ,y; mj;Jld; /my;yJ Y ,y; njhq;ftpLtjd; %yk; mjidr; 
nra;ayhk;.   

   (i) 500 g  vdf; Fwpf;fg;gl;Ls;s jpzpT khj;jpuk; Y ,y; njhq;ftplg;gl;bUf;Fk;NghJ  
msf;fj;jf;f Fiwe;jgl;rj; jpzpTk; cau;e;jgl;rj; jpzpTk; ahit?

   Fiwe;jgl;rj; jpzpT ........................................................................................................
   cau;e;jgl;rj; jpzpT ........................................................................................................

   (ii) Nkw;Fwpj;j re;ju;g;gj;ijf; fUJtjd; %yk; 500 g vdf; Fwpf;fg;gl;Ls;s jpzptpd; 
cz;ikg; ngWkhdj;ijf; fzpf;f (cUtpy; cs;s a, b, c Mfpatw;Wf;F a = 6 cm,  
b = 3 cm, c = 18 cm Mfpa ngWkhdq;fs; ,Uf;fpd;wd vdf; fUJf).

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

 (g) nrk;ikahd mstPLfisg; ngWtjw;Fj; jl;L kPJ xU jpzpit/jpzpTfis itf;Fk;NghJ 
gpd;gw;w Ntz;ba xU Kf;fpakhd gbKiwiaf; Fwpg;gpLf.

  .........................................................................................................................................................
  (h) jl;L kPJ xU jpzpit itj;Jr; rkepiyiag; ngWk;NghJ O ,D}lhf cs;s mr;irg; 

gw;wpa miyit ,optsthf;Ftjw;Fj; juhrpy; gad;gLj;jg;gLk; njhopDl;g cj;jp ahJ? 
  ..........................................................................................................................................................

                    
230 V nrUfp

ntg;gkhdpfyf;fp

mkpo;g;G
ntg;gkhf;fp
ePu; gy;ijuPd;

nfhs;fyk;

ntg;gf; 
fhtypl;l
jputpak;

2.   xU tPl;L mkpo;g;G ntg;gkhf;fpapd; 
(Immersion heater) thw;wsT (P) Ij; 
Jzptjw;F tbtikf;fg;gl;l xU 
gupNrhjidKiw xOq;fikg;G cUtpy; 
fhl;lg;gl;Ls;sJ. xU epr;rakhd ePu;j; 
jpzpT cwpQ;rk; ntg;gj;jpd; msitf; 

fhzy; ,q;F vjpu;ghu;f;fg;gLfpd;wJ.

  (a) cUtpy; fhl;lg;gl;Ls;s cUg;gbfSf;F 
Nkyjpfkhfg; gupNrhjidf;fhf ckf;Fj; 
Njitg;gLk; Vida cUg;gbfisf; 
Fwpg;gpLf.

   (i) ............................................  
(ii)  ............................................

  (b) ntg;gkhf;fpiaj; njhopw;gLj;Jtjw;F Kd;du; ePu; ngwNtz;ba mstPLfs; ahit?

   (i) .....................................................................................................................  (x1 vdf; nfhs;Nthk;)

   (ii) .....................................................................................................................  (x2 vdf; nfhs;Nthk;)

   (iii) .....................................................................................................................  (x3 vdf; nfhs;Nthk;)

 (c)  ntg;gkhf;fpia Neuk; t ,w;Fj; njhopw;gLj;jpa gpd;du; ngwNtz;ba mstPL x4 vdpd;> me;Neuk; t 
,d;NghJ ePu; cwpQ;rpa ntg;gk; (Q) ,w;Fupa xU Nfhitia x1, x2, x3, x4> Cw  (ePupd; jd;ntg;gf; 

nfhs;ssT) Mfpatw;wpd; rhu;gpy; vOJf. Mtpahfypd; %yk; mfw;wg;gLk; ePupd; jpzpitg; 

Gwf;fzpf;f.

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

 (d) ,jpypUe;J> ntg;gkhf;fpapd; thw;wsT (P) ,w;fhd xU Nfhitiag; ngWf. 
  ...............................................................................................................................................................
  ...............................................................................................................................................................
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 (e) ,g;gupNrhjidapy; ePu; Nkw;nfhz;l ,U vLNfhs;fisf; Fwpg;gpLf.

  (i) .......................................................................................................................................................

  (ii) .......................................................................................................................................................

 (f) ,q;F ePiu 100 °C ,w;F ntg;gkhf;Fk;NghJ mJ Jzpag;gl;l P ,d; ngWkhdj;ij vq;qdk; 

ghjpf;Fk;?

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

 (g) gy;ijuPd; fpz;zj;jpw;Fg; gjpyhf Xu; cNyhff; nfhs;fyj;ijg; gad;gLj;jpdhy;> P Ij; Jzptjw;Fj; 

Njitahd Nkyjpf juTfs; ahit?

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

 (h) Nkw;Fwpj;j ntg;gkhf;fpiag; gad;gLj;jp ePupd; Mtpahf;fypd; jd;kiw ntg;gk; (L) If; fhz;gjw;F 

ePu; nfhjpepiyf;F ntg;gkhf;fg;gl;Lf; nfhjpf;fr; nra;ag;gLfpd;wJ. 
 (i) nfhjpf;fj; njhlq;fp Neuk; t0 ,y; Mtpahf;fypd; %yk; mfw;wg;gLk; ePupd; jpzpT m0 If; 

fhz;gjw;F ePu; ngwNtz;ba mstPL ahJ? 

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

 (ii) t0= 100 s, m0 = 40.0 g > P = 1000 W vdpd;> L ,w;fhd xU ngWkhdj;ijg; ngWf.
   .......................................................................................................................................................
   .......................................................................................................................................................
                 

            

E D
B

A

90°

42°

O

T

3.  xU fpilg; gyifapy; nghUj;jg;gl;Ls;s xU 

nts;isf; fljhrp kPJ Xu; miutl;lf; fz;zhbf; 

Fw;wp itf;fg;gl;Ls;sJ. fljhrp kPJ fz;zhbf; 

Fw;wpapd; miutl;l tbtj;ijg; gpujpnra;J mjpy; 

miuthrp ,ontz;zpf;if 1 ghifahf ,Uf;FkhW 
ghiffspy; msTNfhblg;gl;Ls;sJ. xU rpwpa Nyru; 

kpd; #s; T xU kuf; fPw;Wld; nghUj;jg;gl;bUf;Fk; 
mNj Ntis mJ O I ikakhff; nfhz;l xU tl;lg; 

ghijapy; Royj;jf;fjhFk;. Nyru;f; fw;iw fljhrp 

Nkw;gug;G topNa fz;zhbf; Fw;wpf;Fs;Ns Gfyhk;. 

NkNyapUe;J ghu;f;Fk;NghJ xOq;fikg;G Njhw;Wk; 

tpjk; cUtpy; fhl;lg;gl;Ls;sJ. fz;zhbapd; 

KwpTr; Rl;biaf; fhz;gjw;F ,t;nthOq;fikg;igg; 

gad;gLj;jyhk;.
     
  (a) Nyru; kpd; #s; jhdk; A ,y; ,Uf;Fk;NghJ Nyru;f; fw;iwapd; ghij ahJ? 
   ..............................................................................................................................................................
 
  (b) Nyru; kpd; #s; jhdk; B ,w;Fr; Row;wg;gLk;NghJ ePu; mtjhdpf;fj;jf;f Nyru;f; fw;iwapd; ghijia 

cU (1) ,y; tiuf.     

  

B

O

cU (1)               

D

O

cU (2)               

E

O

cU (3)
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  (c) Nyru; kpd; #isj; jhdk; D ̂ 42°& ,w;Fr; Row;Wk;NghJ KwpTw;w Nyru;f; fw;iw fz;zhbf; Fw;wpapd; 

js Nkw;gug;G topNa nry;fpd;wnjd mtjhdpf;fg;gl;lJ. ,e;epiyikapy; gLiff; Nfhzj;jpw;F 

toq;Fk; tpNrl ngaiu vLj;Jiuf;f. Nyru;f; fw;iwapd; ghijia cU (2) ,y; tiuf.  
   ...............................................................................................................................................................  
 
  (d) fz;zhbapd; KwpTr; Rl;b n vdpd;> jhdk; D I xj;j Nfhzj;ijg; gad;gLj;jp n ,w;F xU 

Nfhitia vOJf.  
  ............................................................................................................................................................... 
 
  (e) Nyru; kpd; #s; jhdk; E ,w;Fr; Row;wg;gLk;NghJ Nyru;f; fw;iwapd; Gjpa ghijia cU (3) ,y; 

tiuf.

    (f) NkNy (e) ,y; Fwpg;gpl;l mtjhdpg;Gld; njhlu;Ggl;l Njhw;wg;ghl;ilf; Fwpg;gpl;L> mj;jifa xU 

epfo;r;rp Vw;gLtjw;fhd epiyikfis vLj;Jiuf;f.        
  ...............................................................................................................................................................        
  ............................................................................................................................................................... 
         ............................................................................................................................................................... 

  (g) fz;zhbf; Fw;wpapd; js Nkw;gug;Gld; njhLifapy; ,Uf;FkhW ePupdhy; <ukhf;fg;gl;l xU 

EZf;Ff;fhl;b tOf;fp itf;fg;gLfpd;wJ. NkNy  (e ) ,y; Nghd;W Nyru; kpd; #is itf;Fk;NghJ 

ePu; Nkw;Fwpj;j mNj mtjhdpg;igg; ngWtPuh? ckJ mtjhdpg;Gj; njhlu;ghf tpku;rpf;f.         
  ...............................................................................................................................................................        
  ............................................................................................................................................................... 
         ............................................................................................................................................................... 

                   
(   )A

G
B

P

X

E

E0

K1

r

r0

Q

Y

4.  A, B vd;Dk; ,U fyq;fspd; kp.,.tp. fis xg;gpLtjw;Fg; 

gad;gLj;jj;jf;f xU Rw;W cUtpy; fhl;lg;gl;Ls;sJ. 
A, B Mfpa ,U fyq;fspdJk; kp.,.tp. fSk; mfj; 

jilfSk; KiwNa E,  E0 ck; r , r0  ck; MFk;. 

G MdJ ikag; G+r;rpaf; fy;tNdhkhdpAk; P, Q 
Mfpad ,U jilg; ngl;bfSk; MFk;. P, Q Mfpa 

,uz;bypUe;J ngwj;jf;f Fiwe;jgl;rg; ngWkhdk; 1 
Ω tPjk; MFk;.   

 (a) Xu; cfe;j jilap R0 ck; xU rhtp K2 ck; toq;fg;gl;bUg;gpd;> cau; kpd;Ndhl;lk; gha;fpd;wikahy; 

fy;tNdhkhdpf;F Vw;gLk; Nrjj;ijj; jtpu;g;gjw;F R0 > K2 Mfpatw;iw Nkw;Fwpj;j cUtpy; X 
,w;Fk; Y ,w;FkpilNa rupahfj; njhLj;Jr; Rw;iwg; G+uzg;gLj;Jf.

 
 (b)  khztd; xUtd; P ,d; jilg; ngWkhdj;ij R1 vd itj;J G ,y; thrpg;G G+r;rpakhf ,Uf;Fk; 

tiuf;Fk; Q ,d; jilg; ngWkhdj;ij R2 Mf khw;Wfpd;whd;.

  (i) ,r;re;ju;g;gj;jpy; Rw;wpy; cs;s Xl;lk; i ,w;fhd NtnwhU Nfhitia E, R1, R2 > r Mfpatw;wpd; 

rhu;gpy; vOJf.       
    .....................................................................................................................................................      
    .....................................................................................................................................................

   (ii) Xl;lk; i ,w;fhd NtnwhU Nfhitia E0 > R1 Mfpatw;wpd; rhu;gpy; vOJf.       
    .....................................................................................................................................................

  (iii) Nkw;Fwpj;j ,U NfhitfisAk; gad;gLj;jp R1 ,w;F vjpNu (R1 +  R2) ,d; tiuig tiutjw;F 
cfe;j xU Nfhitiag; ngWf.        

    .....................................................................................................................................................       
    .....................................................................................................................................................       
    .....................................................................................................................................................
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   (c)  khztd; ,g;gupNrhjidiar; nra;tjd; %yk; ngw;w juTfs; gpd;tUk; ml;ltizapy; 

fhl;lg;gl;Ls;sd.

  

  

R1/Ω R2/Ω R1+R2 / Ω

30 27
40 35
50 42
60 54
70 66
80 72

 fPNo fhl;lg;gl;Ls;s Ms;$w;W nea;aupapy; R1 ,w;F vjpNu (R1 +  R2) I tiuGg;gLj;Jf.

 00 3010 20 40 50 60 70 80 90

60

50

100

110

120

130

140

150

160

80

70

90

R1/Ω

R1+R2/Ω

100

 (d) tiugpypUe;J tpfpjk; E/E0
  Ig; ngWf.        

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

 (e) G ,y; Xl;lk; G+r;rpakhf ,Uf;Fk; re;ju;g;gj;ijg; ngw vj;jdpf;Fk;NghJ Vw;gLk; nra;Kiw 

,lu;g;ghl;ilr; RUf;fkhff; Fwpg;gpLf.

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

* *
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fhuzkhFk;. trjpf;fhf epy> ,il> cau; rf;jp kl;lq;fs; KiwNa E1, E2 > E3 MfTs;s %d;W 

rf;jp kl;lq;fs; ,Uf;Fk; xU Nyru; Clfj;ijf; fUJNthk; ^cU 1&' E1 kl;lj;jpypUe;J E3 
kl;lj;jpw;F mZf;fis mUl;ly; xU gk;gpf;Fk; rhjdj;jpd; %yk; (c-k; : gspr;rPl;L tpsf;F) 

epiwNtw;wg;gLk; mNj Ntis mJTk; Nyru; xsp cw;gj;jpf;F mj;jpahtrpakhd Xu; mk;rkhFk;. 
E3 rf;jp kl;lj;jpy; cs;s rpy mUl;ba mZf;fs; Kjypy; ,ilr; rf;jp kl;lk; (E2) tiuf;Fk; 
tpiuthfj; Nja;e;J> mt;tZf;fs; fzprkhd msT ePz;l fhyj;jpw;F (MAl;fhyk; Vwj;jho 
1 m s) E2 kl;lj;jpy; ,Ue;J gpd;du; E1 jho; kl;lj;jpw;Fj;  NjAk;. mj;jifa ePz;l MAl;fhyk; 

cs;s ,il kl;lk; kPAWjp kl;lk; vdg;gLk;. kPAWjp kl;lj;jpy; Xu; mZ ,Uf;Fk;NghJ 

Nyru; Clfj;jpy; ,Uf;Fk; rf;jp (E2 - E1) I cila xU Nghl;ld; mt;tZ E2 kl;lj;jpypUe;J  
E1 kl;lj;jpw;F tpOjiy Cf;Ftpf;fyhk;. ,r;nrad;Kiwapy; rf;jp (E2-E1) I cila xU Nghl;ld; 

fhyg;gLk;. ,r;nrad;Kiw Cf;fpa fhyy; vdg;gLk;. ,J Nyru; epiykhwyhFk;. ,e;epiykhwypy; 

cs;s kpfTk; Kf;fpa mk;rk; jho; rf;jp kl;lj;jpw;F tpOtij Cf;Ftpg;gjw;Fg; gad;gLj;jg;gLk; 

Nghl;lDk; E2 kl;lj;jpypUe;J E1 kl;lj;jpw;F tpOfpd;wikahy; cz;lhFk; Nghl;lDk; xNu 

mtj;ijapy; ,Ug;gjhFk;. ,t;tpay;ghdJ xUq;fpizT vdg;gLk;.

 

gk;gpj;jy;

E1

E2

tpiuthd Nja;T

Nyru; epiykhwy;

kPAWjp epiy

E3

                                                         
E1

E2

tpiuthd Nja;T

tpiuthd Nja;T

Nyru; epiykhwy;

kPAWjp epiy

E4

E3

gk;gpj;jy;

   cU (1) 3 - kl;lj; njhFjp    cU (2) 4 - kl;lj; njhFjp

 Cf;fpa fhyy; jpwDs;sjhf ,Ug;gjw;F kPAWjpr; rf;jp kl;lk; (E2) ,y; ,Uf;Fk; mZf;fspd; 

Fbj;njhif jho; kl;lk; (E1) ,y; ,Uf;Fk; mZf;fspd; Fbj;njhifapYk; $Ljyhf ,Uf;f Ntz;Lk;. 

,e;epiyik Fbj;njhif Neu;khw;wy; vdg;gLk;. xU jug;gl;l Clfj;jpypUe;J Nyru;g; Nghl;ld;fis 

cw;gj;jpnra;tjw;F ,J mj;jpahtrpa epiyikahFk;. Fbj;njhif Neu;khw;wiy ehd;F kl;lq;fs; 

cs;s xU Nyru; Clfj;jpypUe;Jk; ngwyhk; (cU 2). ,q;F E3 MdJ kPAWjp kl;lkhf ,Uf;Fk; 

mNj Ntis Nyru; epiykhwy; E3 kl;lj;jpypUe;J E2 kl;lj;jpw;F eilngWfpd;wJ. ,r;re;ju;g;gj;jpy; 
E2 kl;lj;jpypUe;J E1 kl;lj;jpw;F eilngWk; tpiuthd Nja;T fhuzkhf E2 kl;lj;jpy; Fbj;njhif 
Fiwfpd;wikahy; E3 kl;lj;jpw;Fk; E2 kl;lj;jpw;FkpilNa ,Uf;Fk; Fbj;njhif Neu;khw;wy; 

jpwd;kpf;fjhFk;. 
 
 Nyru;g; nghwpapypUe;J gad;juj;jf;f Nyru;f; fw;iwiag; ngWtjw;F Nyru; Clfj;jpy; Mf;fg;gLk; 

Nyru;g; Nghl;ld;fspd; vz;zpf;if tpiuthf mjpfupf;f Ntz;Lk;. ,J xU gupapiag; gad;gLj;jpr; 

nra;ag;gLfpd;wJ. ,q;F cw;gj;jp nra;ag;gLk; Nyru;g; Nghl;ld;fspd; ,af;fk; Nyru; Clfj;jpw;F 

kl;Lg;gLj;jg;gLtjd; %yk; Cf;fpa fhyy; tpUj;jp nra;ag;gLk;. ,r;nrad;Kiwf;fhf Nyru; 

Clfj;jpd; ,U me;jq;fspYk; nghUj;jg;gl;l jpwd;kpf;f njwpg;G Mbfspd; %yk; eilngWk; 

Nyru; miyfspd; njwpg;G gad;gLj;jg;gLk;. gupapapy; Nyru; xspapd; %yk; epd;w miyfs; 

cw;gj;jpnra;ag;gLk; mNj Ntis gupapapd; ,U me;jq;fspYk; fZf;fs; cz;lhFkhW epd;w 

miyfspd; NtW tiffs; (,iraq;fs;) cz;lhfpd;wd. MfNt gupapAk; Nyru;g; nghwpapd; Xu; 

mj;jpahtrpag; gFjp vd;gJ njspthFk;. Jbg;Gw;w Nyru;> njhlu;r;rpahd Nyru; vd;gd ,U tif 

Nyru;fshFk;. Fiwe;j Jbg;G Neuk; cs;s Nyru;j; Jbg;Gfisg; gad;gLj;jp cau; tYitg; 

ngwyhk;.  
 (a) Nyru; xsp cw;gj;jpf;Ff; fhuzkhd fhyw; nrad;Kiw ahJ?

 (b) xU Nyru; Clfj;jpy; kPAWjpr; rf;jp kl;lk; ,Uj;jy; Nyru; epiykhwYf;F vq;qdk; 

gq;fspg;Gr; nra;fpd;wnjd tpsf;Ff.

 (c) Nyru;r; nraw;ghl;bw;F %d;W rf;jp kl;lq;fs; cs;s xU njhFjp njhlu;ghf ehd;F rf;jp 

kl;lq;fs; cs;s xU njhFjp Vd; jpwd;kpf;fnjd tpsf;Ff. 
 (d) Nyru;g; nghwpia cw;gj;jpnra;tjw;F %d;W mj;jpahtrpakhd mk;rq;fs; ahit?

 (e) rhjhuz xspf; fw;iwAld; xg;gpLk;NghJ Nyru;f; fw;iwapd; %d;W xUjdpahd ,ay;Gfisf; 

Fwpg;gpLf.

 (f) Nyru;g; nghwpapd; ve;jg; gFjpapd; %yk; Nyru; xspapd; epwk; Jzpag;gLk;?
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 (g) xU %d;W kl;lj; njhFjpapy; E2 – E1 = 2.20 eV. cz;lhf;fg;gLk; Nyru; xspapd; miyePsj;ijf; 

(λ) fzpf;f. (ntw;wplj;jpy; xspapd; fjp 3.0 × 108 m s-1 ,  gpshq;fpd; khwpyp h = 6.6 × 10-34 J s,  
1 eV = 1.6 × 10-19 J) 

 (h) xU Nyru;j; Jbg;G 1.5 × 10-5 m MiuAs;s xU rpwpa tl;l ,yf;fpd; kPJ mt;tpyf;F 

KOtJk; Nyru; xspapdhy; xspu;j;jg;gLkhW Ftpag;gLj;jg;gLfpd;wJ. ,yf;F kPJ 

toq;fg;gLk; rf;jp 4.0 × 10-3 J ck; Nyru;j; Jbg;gpd; fhyePl;rp 1.0 × 10-9 s ck; MFk;. ,yf;F 

kPJ XuyFg; gug;gstpw;Ff; fpilf;Fk; tYitf; (nrwpT) fzpf;f. 

 (i) xU Nyru;g; nghwpapy; cs;s gupapapd; ePsk; (L) MdJ 30.0 cm ck; gupap Clfj;jpd; KwpTr; 

Rl;b (n) MdJ 1.8 ck; MFk;. ,g;gupapapypUe;J miyePsk; (λ) 600 nm I cila Nyru; xsp 

ntsptUfpd;wJ. gupapapy; m Mk; ,irak; cs;s xU epd;w miy cz;lhf;fg;gLfpd;wJ. m Ij; 
Jzpf.

7. cU (1) ,w; fhl;lg;gl;Ls;sthW 5 cm MiuAk; 10 cm ePsKk; cs;s xU nghs; cUisapd; mr;R 

topNa 3 cm MiuAs;s xU jpz;k cUisf; Nfhy; mDg;gg;gl;Ls;sJ. nghs; cUisapd; ,U 

jl;ilg; gf;fq;fspD}lhfTk; Nfhy;> mjidr; Rw;wpr; nry;Yk; ,U cuha;tpd;wpa vz;nza; 

milg;Gfisg; (oil seals) gad;gLj;Jtjd; %yk;> mDg;gg;gl;Ls;sJ. cuha;tpd;wpa vz;nza; 

milg;GfspD}lhfg; gha;kk; nghrptjpy;iynadf; nfhs;f. cU (2) ,w; fhl;lg;gl;Ls;sthW xU 
Fspu;r;rpahFk; tprpwp (F) MdJ nghs; cUisapd; xU jl;ilg; gf;fj;Jld; ,izf;fg;gl;Ls;sJ. 

nghs; cUisf;Fk; NfhYf;FkpilNa ntWk; ntsp xU gpRf;Fg; gha;kj;jpdhy; epug;gg;gl;Ls;sJ. 

gpRf;Fg; gha;kk; ,y;yhky; Nfhy; mjd; mr;irr; Rw;wpr; RoYk;NghJ nghs; cUis Royhky; 

Nfhy; vz;nza; milg;Gfspd; kPJ tOf;Ffpd;wJ (fzpg;GfSf;F π = 3 vd vLf;f).
   

       

vz;nza; milg;G
gpRf;Fg; gha;kk;

epug;gg;gl;l nghs;

cUis 

cUisf; Nfhy;

3 cm

10 cm

cU (1)

5 cm

   

10 cm

cU (2)

F

  
    
 (a)  (i) Nfhy; 6000 Rw;wy;fs; / epkplk; vd;Dk; tPjj;jpy; RoYk;NghJ Nfhypd; tisgug;igj; 

njhLk; gha;kg; gilapd; njhlyp Ntfj;ijf; fhz;f.

  (ii) ,r;re;ju;g;gj;jpy; tprpwp 3000 Rw;wy;fs; / epkplk; vd;Dk; tPjj;jpy; Roy;fpd;wJ. cUis 

NfhypYk; ghu;f;f Vd; nkJthfr; Roy;fpd;wnjd tpsf;Ff. xU gha;kg; gilf;F 

,Uf;fj;jf;f Fiwe;jgl;rj; njhlyp Ntfj;ijf; fhz;f. 

  (iii) gha;kj;jpdhy; nghs; cUis kPJ cQw;wg;gLk; gpRf;F tpiriaj; Jzpf. gha;kj;jpd; 

gpRf;Fikf; Fzfk; 2 N s m−2 vdf; nfhs;f.

 (b)  gha;kj;jpd; gpRf;Fikf; Fzfk; 1 N s m−2 Mff; FiwAk;NghJ gad;gLj;jpa gha;kj;ij mfw;wp 

xU Gjpa gha;kj;ij kPz;Lk; epug;g Ntz;Lk;. ,jw;Ff; fhuzk; ahJ?  

 (c)  nghs; cUisapy; cs;s gha;kj;jpd; fdtsitj; Jzpf. 

 (d)  gad;gLj;jpa gha;kj;ij mfw;Wtjw;fhf cUisapd; Nkw;gug;gpy; cs;s xU JisapD}lhf 

1 mm MiuAk; 10 cm ePsKk; cs;s xU Foha; topNa gk;gg;gLfpd;wJ. 2 epkplj;jpy; gha;kj;jpd; 
nkhj;jf; fdtsit mfw;Wtjw;Ff; Fohapd; ,U KidfSf;Fk; FWf;Nf gpuNahfpf;f 

Ntz;ba mKf;f tpj;jpahrj;ijj; Jzpf.
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8. xU Fwpj;j gpuNjrj;jpy; cs;s Ez;zq;fpfisAk; Neha;tpistpfisAk; mg;gpuNjrj;jpypUe;J 

mfw;wy; fpUkpaopj;jy; vdg;gLk;. rj;jpurpfpr;ir eilngWk; ,lq;fisf; fpUkpaopg;gjw;Fg; 

gad;gLj;jg;gLk; etPd Kiwfspy; xd;W ,e;j ,lj;jpd; kPJ vjpu;g; gf;fq;fspy; cs;s Rtu;fspd; 

kPJ nghUj;jg;gl;l ,U flj;Jk; jfLfSf;fpilNa Nghjpa msT ngupa kpd; Gyj;ijg; 

gpuNahfpg;gjhFk;.  

 ,U flj;Jk; jfLfSf;FkpilNa 3 mm ,ilj;J}uj;jpy; ,Uf;Fk; ,U ru;trk Ez;zq;fpfisf; 

fUJf. xt;nthU Ez;zq;fpapdJk; Vw;wkhdJ Xu; ,yj;jpudpd; Vw;wj;jpd; (e = -1.6 × 10-19 C) 10 000 
klq;nfdf; nfhs;f. ckJ vy;yhf; fzpg;GfSf;Fk; Ez;zq;fpfisg; Gs;spj; Jzpf;iffshff; 

fUjyhk;.

 (a)   ,U Ez;zq;fpfSf;fpilNa jhf;Fk; epiykpd; tpiriaf; fzpf;f.
 
    ( 1

4πε0
 = 9 × 109 N m2 C-2)

 (b)  ,g;NghJ mj;jfLfs; Xu; 5 kV NeNuhl;l Nthy;w;wsT toq;fYld; njhLf;fg;gLfpd;wd. 

jfLfSf;fpilNa cs;s ,ilj;J}uk; 5 m MFk;.        
  (i) ,U jfLfSf;FkpilNa cs;s kpd;Gyr; nrwpitf; fhz;f.     
  (ii) ,k;kpd; Gyk; fhuzkhf xU Ez;zq;fp kPJ jhf;Fk; epiykpd; tpiriaf; fzpf;f.

  (iii) NkNy (a) ,y; fzpj;j tpiriaAk; (b) (ii) ,y; fzpj;j tpiriaAk; xg;gpl;L mjidg; 

gw;wp tpku;rpf;f.    
  (iv) njhlf;fj;jpy; xU Ez;zq;fp rj;jpurpfpr;ir muq;fpd; ikaj;jpy; cs;s xU Gs;spapNy 

Xa;tpy; ,Uf;fpd;wnjdf; nfhz;L mJ jfLfspy; xd;iw miltjw;F vLf;Fk; Neuj;ijf; 

fzpf;f. Ez;zq;fpapd; jpzpT 2.0 × 10-14 kg vdf; nfhs;f. (GtpaPu;g;gpd; tpisitg; 

Gwf;fzpf;f.)    
  (v) NkNy (iv) ,y; Ez;zq;fp ngw;w ,af;fg;ghl;Lr; rf;jpiaf; fzpf;f.

 (c)  Xu; cfe;j fhe;jg; Gyj;ijg; gpuNahfpg;gjd; %yk; jpzpTfSf;Nfw;g Vw;wpa Ez;zq;fpfis 

NtWgLj;Jtjw;F ,k;Kiwia khw;wpaikf;fyhk;. m1, m2, m3 (m1 > m2 > m3) vd;Dk; jpzpTfis 

cila %d;W Ez;zq;fpfs; ,U jfLfSf;FkpilNa xU eL epiyf;Fj;Jj; jsj;jpy; 

,Uf;Fk; xU re;ju;g;gj;ijf; fUJf. Neuk; t = 0 ,y; ,k;%d;W Ez;zq;fpfSk; kpd; Gyj;jpd; 

jpirf;F vjpuhd jpirapy; u1, u2 > u3 vd;Dk; Ntfq;fSld; ,af;fj;ij Muk;gpj;J kpd; Gyj;jpd; 

nry;thf;fpd; fPo; xNu Neuk; t ,y; 1.25 m J}uj;jpw;F ,aq;Ffpd;wd. 1.25 m J}uj;jpw;F te;j 
gpd;du; ,f;fzj;jpy; kpd; Gyk; ePf;fg;gl;L> gha mlu;j;jp B I cila xU rPuhd fhe;jg; 

Gyk; mtw;wpd;  ,af;fj; jpirf;Fr; nrq;Fj;jhfg; gpuNahfpf;fg;gLfpd;wJ. mjd; gpd;du; 

,e;Ez;zq;fpfs; mf;fhe;jg; Gyj;jpd; nry;thf;fpd; fPo; jkJ vQ;rpa ,af;fj;ijg; G+u;j;jp 

nra;fpd;wd.        
  (i) %d;W Ez;zq;fpfSk; xNu Neuk; t ,y; 1.25 m J}uj;ijg; G+u;j;jp nra;tjw;Fj; njhlf;f 

Ntfq;fs; u1 > u2 > u3 vd;Dk; epge;jidiaj; jpUg;jpahf;f Ntz;Lnkdf; fhl;Lf.        
  (ii) jpzpT m1 If; nfhz;l Ez;zq;fpapd; tl;lg; ghijapd; Miu ̂R1& ,w;fhd xU Nfhitia 

m1, u1, B > t  Mfpatw;wpd; rhu;gpy; ngWf.

 
9. (A) ,w;F my;yJ gFjp (B) ,w;F khj;jpuk; tpil vOJf.

    (A) Rw;whly; khriljiyf; Fiwg;gjw;F ,g;NghJ kpd; Nkhl;lu; thfdq;fisg; gad;gLj;Jtjw;fhd 
ehl;lk; cs;sJ. gpd;tUk; fl;l tupg;glj;jpy; fhzg;gLfpd;wthW xU kpd; Nkhl;lu;f; fhu; %d;W 

gpujhd gFjpfisf; nfhz;Ls;sJ. 

  

gw;wup

myF
fl;Lg;ghl;L

myF
Nkhl;lu;$
gpwg;ghf;fp

 gw;wup myF xU jho; Nthy;w;wsT (12 V) gw;wupiaAk; Xu; cau; Nthy;w;wsT (200 V) 
gw;wupiaAk; nfhz;Ls;sJ. rPo;f;iff; Foy;> tpsf;Ffs;> Jilg;ghd;fs; (wipers) Mfpatw;iwj; 

njhopw;gLj;Jtjw;F 12 V gw;wup gad;gLj;jg;gLfpd;wJ. fhupd; rpy;Yfisr; Royr; nra;Ak; kpd; 

Nkhl;liu ,af;Ftjw;F cau; Nthy;w;wsT gw;wup gad;gLj;jg;gLfpd;wJ.

 cfe;j Nthy;w;wsT kl;lq;fis mikj;Jg; gy;NtW MspapLk; nrad;Kiwfis Nkw;nfhs;sy; 

fl;Lg;ghl;L myfpd; gpujhd njhopyhFk;.  
 (a)  5 A vd;Dk; xU khwh kpd;Ndhl;lj;ij 10 kzpj;jpahyq;fSf;F mDg;Gtjd; %yk; fhupd; 

12 V gw;wup Vw;wg;gLfpd;wJ. mr;nrad;Kiwapy; ghAk; Vw;wj;jpd; msT ahJ?  
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(b)  (i)  Nkhl;lu; 40 kW tYTld; njhopw;gLk;NghJ 160 V gw;wupapypUe;J vt;tsT Xl;lk; 

vLf;fg;gLfpd;wJ? 
  (ii)  rpy kpd; fhu;fs; 160 V gw;wupf;Fg; gjpyhf 300 V gw;wupiag; gad;gLj;Jfpd;wd. 300 V 

gw;wupiag; gad;gLj;Jtjd; Xu; mD$yj;ijf; Fwpg;gpLf.  
 (c)  gw;wupia Vw;Wk; nrad;Kiwapy; 160 V gw;wupapdhy; 12 V gw;wupia Vw;Wtjw;fhf 

Nthy;w;wsitf; Fiwj;J toq;Ftijf; fl;Lg;ghl;L myF nra;fpd;wJ. ,t;Nthy;w;;wsitf; 

Fiwg;gjw;F epiykhw;wpiag; gad;gLj;j KbAkh? fhuzj;ijj; jUf. 
 (d)  kp.,.tp. 160 V I cila gw;wupapd; mfj; jil 0.1 Ω MFk;. Nkhl;liu ,af;Ftjw;Fg; 

gw;wupapypUe;J 100 A Xl;lj;ij vLf;Fk;NghJ 
  (i)  gw;wupapd; Kbtplq;fSf;Ff; FWf;Nf cs;s mOj;j tpj;jpahrk; ahJ?  
  (ii)  gw;wupapy; tY tpuak; ahJ?

                                                               

B S
160 V
0.1 Ω

180 V
1.89 Ω

+

- -

+ (e)  kpd; fhu; kPs;gpwg;ghf;Fk; jLg;G Kiwikiag; 

gad;gLj;Jfpd;wJ. mjpy; jLg;Gfisg; gpuNahfpf;Fk;NghJ 

Nkhl;lu; xU kpd; gpwg;ghf;fpahfj; njhopw;glj; 

njhlq;Ffpd;wJ. mg;gpwg;ghf;fpapdhy; cz;lhf;fg;gLk; 

Nthy;w;wstpdhy; kp.,.tp 160 V, 0.1 Ω gw;wup (B)  

kPsNtw;wg;gLfpd;wJ. gpwg;ghf;fpapdhy; cz;lhf;fg;gLk; 

Nthy;w;wsT fl;Lg;ghl;L myfpd; %yk; kp.,.tp. 180 V 
IAk; mfj; jil 1.89 Ω IAk; nfhz;l xU NeNuhl;l 

toq;fy; (S) Mf cUtpy; fhl;lg;gl;Ls;sthW gw;wup (B) 
,w;F toq;fg;gLfpd;wJ. 

  njhLf;Fk; fk;gpfspd; nkhj;j ePsk; 4 m MFk;. Vw;wr; nrad;Kiwapy; ghAk; kpd;Ndhl;lk; 
10 A xU khwhg; ngWkhdnkdpd;> nrk;gpdhy; nra;ag;gl;Ls;s njhLf;Fk; fk;gpfspd; 

FWf;Fntl;Lg; gug;gsitf; fzpf;f (nrk;gpd; jilj;jpwd; 1.72 × 10-8 Ω m MFk;).   

 (f)  fhu; xU khwh Ntfk; v cld; nry;Yk;NghJ mjd; kPJ 750 N vd;Dk; xU khwhj; jil 

tpir jhf;Ffpd;wJ. mjd;NghJ kp.,.tp.160 V IAk; mfj; jil 0.1 Ω  IAk; nfhz;l 

gw;wupapypUe;J vLf;fg;gLk; khwh Xl;lk; 100 A vdpd;> v ,d; ngWkhdj;ijf; fzpf;f. 

Nkhl;lupd; %yk; 90% jpwDld; fhu; nrYj;jg;gLfpd;wnjdf; nfhs;f. 

 
   (B) (a)   xU khbf; fl;llj;jpd; F Mk; jsj;jpy; Xu; cau;j;jpf;F Kd;dhy; epd;W NkNy my;yJ 

fPNo nry;tjw;F vjpu;ghu;f;Fk; xUtu; ∆  nghj;jhid (B1 vdf; nfhs;Nthk;) my;yJ ∇ 
nghj;jhid (B2 vdf; nfhs;Nthk;) mOj;Jtjd; %yk; NkNy my;yJ fPNo nry;yyhk;.

   ,af;fg; Gydp M ,d; %yk; mDg;gg;gLk; irif m ck; KiwNa B1> B2 vd;Dk; js;Sk; 

nghj;jhd;fspd; (push buttons) %yk; mDg;gg;gLk; b1> b2 vd;Dk; iriffSk; fPNo 

fhl;lg;gl;Ls;sd.

     

m

b1

b2

∆

∇

M cau;j;jp NkNy nry;Yk;NghJ  m =  1 
      fPNo nry;Yk;NghJ   m =  0

      B1 I mOj;Jk;NghJ  b1 =  1  
 mOj;jhky; ,Uf;Fk;NghJ  b1 =  0

     B2 I mOj;Jk;NghJ b2 =  1  
 mOj;jhky; ,Uf;Fk;NghJ  b2 =  0

B1

B2

   gpd;tUk; epge;jidfisj; jpUg;jpahf;Ftjw;F xU jUf;fr; Rw;iw tbtikf;f 

Ntz;bAs;sJ.

   1. B1 I mOj;Jk;NghJ cau;j;jp NkNy nrd;Wnfhz;L ,Ue;jhy; khj;jpuk; F Mk; 

    jsj;jpy; epw;Fk;.

   2. B2 I mOj;Jk;NghJ cau;j;jp fPNo nrd;Wnfhz;L ,Ue;jhy; khj;jpuk; F Mk; 

    jsj;jpy; epw;Fk;.
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  (i)  Nkw;Fwpj;j epge;jidfisj; jpUg;jpahf;Ftjw;F m, b1 > b2 Mfpatw;iwg; nga;g;GfshfTk; 
Q Ig; gag;ghfTk; nfhz;L xU nka;epiy ml;ltiziaj; jahupf;f.

   Q = 1 ,d; %yk; cau;j;jp jsk; F ,y; epw;ghl;lg;gLtJk;;
   Q = 0 ,d; %yk; cau;j;jp jsk; F ,y; epw;ghl;lg;glhikAk;
   tifFwpf;fg;gLfpd;wd vdf; fUJf.   
  (ii)  nka;epiy ml;ltiziag; gad;gLj;jp Q ,w;F xU G+yf; Nfhitiag; ngw;W 

cupa jUf;fr; Rw;iw tiuf (%d;W nga;g;Gfs; cs;s jUf;fg; gliyfis ePu; 

gad;gLj;jyhk;).  
  (b)  gpujhd tY toq;fy; epw;ghl;lg;gLk;Nghnjy;yhk; gw;wupapd; %yk; cau;j;jp jd;dpaf;fkhfj; 

njhopw;gLkhW nra;ag;gl;Ls;sJ. ,jw;fhf NtnwhU Gydp (L) ck; Xu; vOtPo; (FF) ck; 

gad;gLj;jg;gLfpd;wd. 

    

L
S

R

l
Q

Q
FF

   Gydp (L) ,d; %yk; toq;fg;gLk; gag;G ^l& gpd;tUkhW :
    gpujhd tY toq;fy; ,Uf;Fk;NghJ  l = 1 
    gpujhd tY toq;fy; ,y;yhjNghJ  l = 0 

   vOtPo; (FF) ,d; Q> Q  vd;Dk; gag;Gfspd; %yk; gpd;tUkhW cau;j;jpf;F kpd; toq;fy; 

fl;Lg;gLj;jg;gLk;.

    Q = 1 Mf ,Uf;Fk;NghJ cau;j;jpf;Fg; gpujhd tY toq;fypdhy; kpd; toq;fg;gLfpd;wJ.   
    Q = 0 Mf ,Uf;Fk;NghJ cau;j;jpf;Fg; gw;wupapd; cjtpapdhy; kpd; toq;fg;gLfpd;wJ. 

  (i)  irif l MdJ vOtPopd; S> R vd;Dk; ,U nga;g;GfSld; ,izf;fg;gl Ntz;ba 

tpjj;ijf; fhl;Lk; xU tupg;glj;ij tiuf. ,jw;fhf ePu; xU Nkyjpfj; jUf;fg; 

gliyia khj;jpuk; gad;gLj;jyhk;. 
  (ii)  gpujhd tY gad;gLj;jg;gLk;NghJ xU gr;ir epw LED (G) ck; gw;wupapd; cjtp 

gad;gLj;jg;gLk;NghJ xU kQ;rs; epw LED (Y) ck; xspu;tjd; %yk; mJ fhl;lg;gl 

Ntz;Lk;. ePu; tiue;j tupg;glj;jpy; ,U LED fSk; Q> Q  gag;G Kbtplq;fSld; 

njhLf;fg;gl Ntz;ba tpjj;ijf; fhl;Lf.

10. (A) ,w;F my;yJ gFjp (B) ,w;F khj;jpuk; tpil vOJf.

      (A) (a)  (i)  Nrwypyhr; nrad;KiwiaAk; (ii) rkntg;Gr; nrad;KiwiaAk; ,dq;fhz;f. 

   (b)    

(θB)

V1 V2 V3
V

(θC)

(θA)

(θD)

QBC

QDA

S A

D

B

P × 105 Pa

35

  1

  0

C

cU (1)
   
  xU jPry; vQ;rpDf;fhd epak PV rf;fuk; cU (1) ,d; %yk; fhl;lg;gLfpd;wJ.  A, B, C> D 

vd;Dk; re;ju;g;gq;fspy; tspf; fyitapd; ntg;gepiyfs; KiwNa θA , θB , θC > θD MFk;.  

  nrad;Kiw S → A  (suction stroke - cwpQ;ry; mbg;G)
   tspkz;ly mKf;fk; 1.0 × 105 Pa ,y; cs;s tsp xU khwh mKf;fj;jpd; fPo;  

 cUisapDs;Ns ,Of;fg;gLjy;.
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  nrad;Kiw A → B  (compression stroke - neUf;fy; mbg;G)
  ,r;nrad;Kiwapy; Nrwypyh neUf;fypd; fPo; tspf; fyitapd; ntg;gepiy θA = 50 °C 

,ypUe;J  θB =1000 °C ,w;F mjpfupf;Fk; mNj Ntis mKf;fk; 1.0× 105 Pa ,ypUe;J 
35.0× 105 Pa ,w;F mjpfupf;Fk;.

  nrad;Kiw B → C  (fuel injection and combustion - vupnghUs; cl;gha;r;rYk; jfdKk;)
   rptpwpa jPry; Jzpf;iffs; cUisf;Fs;Ns ,Of;fg;gLjYk; vupgw;wYk;.

  khwh mKf;f tpuptpd; fPo; tspf; fyitapd; ntg;gepiy θB =1000 °C ,ypUe;J θC =2000 °C 
,w;F mjpfupf;fpd;wJ.   

  nrad;Kiw C→ D  (power stroke - tY mbg;G)
   Nrwypyh tpuptpd; fPo; tspf; fyitapd; ntg;gepiy θC = 2000 °C ,ypUe;J θD = 850 °C 
   ,w;Ff; Fiwfpd;wJ.

  nrad;Kiw D → A (exhaust stroke - ntspg;gLj;J mbg;G)
  khwhf; fdtstpd; fPo; mKf;fk; njhlf;f mKf;fk; 1.0 × 105 Pa I milfpd;wJ. ntg;g 

epiy θD = 850 °C ,ypUe;J θA = 50 °C ,w;Ff; Fiwfpd;wJ.

      (i)  nrad;Kiw A ,ypUe;J B ,w;F ntg;gg; gupkhw;wk; (∆QAB ) ahJ?
       (ii)  nrad;Kiw B ,ypUe;J C ,w;F tspf; fyitapd; 100 g ,w;F ntg;gg; gupkhw;wk; 

(∆QBC) If; fhz;f. 
      (tsp - jPry; fyitapd; CP = 1000 J kg-1 K-1)

      (iii)  nrad;Kiw C → D ,d;NghJ ntg;gg; gupkhw;wk; (∆QCD ) ahJ? 
       (iv)  nrad;Kiw D → A ,d;NghJ fyitapd; 100 g ,w;F ntg;gg; gupkhw;wk; (∆QDA) If; 

fhz;f. 
      (tsp - jPry; fyitapd; CV = 750 J kg-1 K-1)

       (v)  G+uzr; nrad;Kiw ABCDA ,w;Fj; Njwpa ntg;gg; gupkhw;wk; (∆QTotal) If; fhz;f. 
       (vi)  G+uzr; nrad;Kiw ABCDA ,w;F mfr; rf;jp  khw;wk; (∆UTotal) ahJ? 
       (vii)  G+uzr; nrad;Kiw ABCDA ,w;Fj; Njwpa Ntiy my;yJ gag;G Ntiy (∆WTotal ) 

If; fhz;f.

      (viii)   vupnghUspd; %yk; tpLtpf;fg;gLk; rf;jp my;yJ rf;jpg; ngag;G ahJ?

      (ix)   vQ;rpdpd; jpwd; (e) If; fzpf;f.

    (B) nghrpj;jpud; fhyy; Jkptiugpay; (PET) myfplypfs; rhuff; foiyapaypy; foiyfspd; 

kUj;Jt tpk;gthf;fj;jpw;Fk; rpy gutpa %is Neha;fspd; rhuf NehawpjYf;Fk; mjpf 

mstpy; gad;gLj;jg;gLfpd;wd. PET myfplypfspy; ngUk;ghYk; gad;gLj;jg;gLk; 

fjpu;kUe;J GNshNuhbnahf;rp FSf;NfhR (C6H11
18FO5) MFk;. ,J nghJthf FDG vd 

miof;fg;gLk;. ,jpy; FSf;NfhR %yf;$wpy; xU C mZ ,Uf;Fk; jhdj;jpy; nghJthf 

,Uf;Fk; Ijnuhl;rpy; $l;lk; nghrpj;jpuidf; fhYk;  fjpu;;epA+f;fpisl;L GNshuPd; -18 
 ,dhy; gpujpaplg;gLk;. 18 F9  ,d; Nja;Tj; jpl;lk; fPNo jug;gl;Ls;sJ. 

  (a) 18 F9  → 18 O8 + e+ + ve

   (i) Jzpf;if ve  ,d; ngaiu vOJf.

   (ii) epA+f;fpspad;fis (mjhtJ GNuhj;jd;fSk; epA+j;jpud;fSk;) gad;gLj;jp  

  Nkw;Fwpj;j Nja;Tj; jpl;lj;ij kPz;Lk; vOJf.

   (iii) Fthf;FfisAk; (quarks) nyg;gud;fisAk; gad;gLj;jp Nkw;Fwpj;j Nja;Tj;  

  jpl;lj;ij kPz;Lk; vOJf. 

 (b) xU rhjhuz myfplw; gpuNahfj;jpy; Nehahspapd; ehsj;jpDs;Ns tpiuthfr; nry;Yk; 

Nriyd; Jspf;F FDG fiury; cl;gha;r;rg;gLk;. cl;gha;r;rg;gl;l 18 F9  ,d; njhlf;fj; njhopw;ghL  
 70 MBq vdTk; 18 F9  ,d; miu MAl;fhyk; (T½) 2.0 kzpj;jpahyk; vdTk; nfhs;f.

   (i) xU fjpu; kUe;jpd; miu MAs; kpfr; rpwpjhf my;yJ kpfg; ngupjhf ,Uf;f 

Kbahikf;fhd fhuzq;fisj; jUf.

   (ii) fjpu;j;njhopw;ghl;L mZf;fspd; vz;zpf;if N MfTs;s xU fjpu;j;njhopw;ghl;L 

khjpupapd; njhopw;ghL A = 
0.7 N
T½

 ,dhy; jug;gLfpd;wJ. 70 MBq njhopw;ghl;il 

miltjw;Fj; Njitahd FDG khjpupapd; jpzpitf; fzpf;f. xU FDG %yf;$wpd; 

jpzpT 3.0 × 10-25 kg vdf; nfhs;f.
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   (iii) cl;gha;r;rp 2.0 kzpj;jpahyj;jpy; cl;gha;r;rpa FDG ,d; 10% I khj;jpuk; 

%is cwpQ;Rnkdpd;> 2.0 kzpj;jpahyj;jpw;Fg; gpd;du; %isapDs;Ns 18 F9  ,d; 
njhopw;ghl;ilf; fzpf;f.

  (c) eilKiwapy; FDG cl;gha;r;rg;gl;l Nehahspfs; Nra;fs;> gps;isfs;> fu;g;gpzpfs; Nghd;w 

fjpu;g;Gf;F czu;r;rpAs;stu;fsplkpUe;J Fiwe;jgl;rk; 24 kzpj;jpahyq;fSf;NfDk; 

tpyfpapUf;FkhW Nfl;fg;gLtu;.

   (i) ,jw;Fupa fhuzk; ahJ?

   (ii) ,aw;iff; fjpu;j; njhopw;ghL (14C, 40K) fhuzkhf xU rhjhuz egupd; clypy; 
104 Bq msT njhopw;ghL ,Uf;fpd;wJ. njhlf;fj; njhopw;ghL 70 MBq cs;s FDG 
cl;gha;r;rg;gl;l xU Nehahspf;F 24 kzpj;jpahyf; fhj;jpUj;jy; Neuk; NghjpaJ 

vd;gij epahag;gLj;Jf. ( 7
4096  = 1.7 × 10-3 vdf; nfhs;f.)

   (iii) 18 F9  ,dhy; fhyg;gLk; nghrpj;jpud;fs; clypy; cs;s ,yj;jpud;fSld; mopTw;W 

,U fhkhf; fjpu;fisg; gpwg;gpf;fpd;wd. rhuf Nehawpjypy; PET njhopDl;gj;ijg; 

gad;gLj;Jtjd; ,U mD$yq;fisf; Fwpg;gpLf.

  (d) ,f;fjpu;kUe;Jfspd; miu MAl;fhyk; FWfpajhifahy;> ,tw;iw neLq;fhyj;jpw;Fj; 

Njf;fp itf;f KbahJ. MfNt ,tw;iw mjpf mstpy; my;yJ mbf;fb ,wf;Fkjp 

nra;a Ntz;Lk;. ,r;nrad;Kiw nryT $baJ. 18 O8  %yk; tsk;gLj;jpa ePupd; kPJ 

GNuhj;jd;fis Nkhjbf;fr; nra;tjd; %yk; 18 F9  cz;lhf;fg;gLfpd;wJ. ,q;F eilngWk; 

fUj; jhf;fk; fPNo jug;gl;Ls;sJ.

       p + 18 O8  →  18 F9   + ?

   (i) Nkw;Fwpj;j jhf;fj;jpy; jtwpAs;s Jzpf;ifia ,dq;fhz;f.

   (ii) Nkw;Fwpj;j jhf;fk; eilngWtjw;Ff; Fiwe;jgl;rk; 18 MeV ,af;fg;ghl;Lr; rf;jp 
cs;s GNuhj;jd;fs; Njit. Xu; Vw;wpa Jzpf;ifapd; ,af;fg;ghl;Lr; rf;jpia 

mjpfupf;fr; nra;tjw;F tpQ;Qhdpfs; nghJthfg; gad;gLj;Jk; Gyj;ijf; (kpd; 

my;yJ fhe;j) Fwpg;gpLf.

   (iii) NkNy (d) (ii) ,w; Fwpg;gpl;l Gyj;jpd; JizAld; GNuhj;jd;fspd; ,af;fg;ghl;Lr; 

rf;jpia mjpfupf;fr; nra;tjw;F tpQ;Qhdpfs; gad;gLj;Jk; xU nghwpiaf; 

Fwpg;gpLf. 

  *  *  *
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(02) ,urhadtpay;

tpdhj;jhs; fl;likg;G

tpdhj;jhs;  I  -  Neuk; : 02 kzpj;jpahyq;fs;

5 tpUg;gj; njupTfSld; 50 gy;njupT tpdhf;fs;. vy;yh tpdhf;fSf;Fk; 

tpil vOJjy; Ntz;Lk;. xU tpdhTf;F 01 Gs;sp tPjk; nkhj;jk; 50 
Gs;spfs;.

tpdhj;jhs;  II  -  Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplq;fs;)
,t;tpdhj;jhs; A, B, C vd;Dk; %d;W gFjpfisf; nfhz;Ls;sJ. ,g;gFjpapDs; 

cs;slf;fg;gl;Ls;s rpy tpdhf;fs; ghlg;gug;gpw;F cupa nrad;Kiwia 

mbg;gilahff; nfhz;ljhFk;.

gFjp A  -  ehd;F mikg;Gf; fl;Liu tif tpdhf;fs;. vy;yh tpdhf;fSf;Fk; 

tpil vOJjy; Ntz;Lk;. 

   tpdh 1 : nghJ ,urhadtpay;
   tpdh 2 : mNrjd ,urhadtpay;

   tpdh 3 : ngsjpf ,urhadtpay;
   tpdh 4 : Nrjd ,urhadtpay;
   xU tpdhTf;F 100 Gs;spfs; - cg nkhj;jk; 400 Gs;spfs;
 

gFjp B  -  %d;W fl;Liu tpdhf;fs;. ,U tpdhf;fSf;F tpil vOJjy; 

Ntz;Lk;. 

   tpdh 5 : ngsjpf ,urhadtpay;
   tpdh 6 : ngsjpf ,urhadtpay;
   tpdh 7 : ngsjpf ,urhadtpay; / mNrjd ,urhadtpay;

   xt;nthU tpdhTf;Fk; 150 Gs;spfs; - cg nkhj;jk; 300 Gs;spfs;
 

gFjp C  -  %d;W fl;Liu tpdhf;fs;. ,U tpdhf;fSf;F tpil vOJjy; 

Ntz;Lk;. 

   tpdh 8 : Nrjd ,urhadtpay;
   tpdh 9 : mNrjd ,urhadtpay;

   tpdh 10 : ifj;njhopy;> Rw;whly; ,urhadtpay;
   xt;nthU tpdhTf;Fk; 150 Gs;spfs; - cg nkhj;jk; 300 Gs;spfs;
   B, C Mfpa gFjpfspYk; nra;Kiw mwpT Nrhjpf;fg;gLk;.

tpdhj;jhs; II ,w;F nkhj;jg; Gs;spfs; =  1000                 
 

,Wjpg; Gs;spiaf; fzpj;jy;  :  tpdhj;jhs;  I     =   50
 tpdhj;jhs;  II    = 1000 ÷ 20  =   50
 ,Wjpg; Gs;sp     = 100      
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(02) ,urhadtpay;
tpdhj;jhs; I

mwpTWj;jy;fs; :

  *  vy;yh tpdhf;fSf;Fk; tpil vOJf.

*  rupahd my;yJ kpfg; nghUj;jkhd tpiliaj; njupe;njLf;f. 

 (gy;Nju;T tpdhf;fSf;F tpilaspg;gjw;Fupa jhs; toq;fg;gLk;.) 
mfpy thA khwpyp  R = 8.314 J K-1 mol-1

mtfhjNu khwpyp  NA = 6.022 × 1023 mol-1

gpshq;fpd; khwpyp  h = 6.626 × 10-34 J s
xspapd; Ntfk;  c = 3 × 108 m s-1

1.   gpd;tUk; %yfq;fspy; vJ kpfTk; jho;e;j %d;whk; madhf;fr; rf;jpiaf; nfhz;Ls;sJ?

 (1) Mg  (2) Ne (3) N (4) P (5) Cl

2.   fPNo jug;gl;Ls;s %yf;$Wfspy; kpff; $Ljyhd ig ^π& gpizg;Gfspd; vz;zpf;ifiaf; 

nfhz;l %yf;$W ahJ?

 (1) H2SO4  (2) H2SO3 (3) HNO3 (4) H3PO4 (5) HClO4

3.    [Al(OH)4]- mad; gw;wpa cz;ikahd $w;W ahJ?

 (1) mjd; kj;jpa mZtpd; fyg;ghf;fk; sp2 MFk;.

 (2) mjpy; cs;s jdpj;j ,yj;jpud; Nrhbfspd; nkhj;j vz;zpf;if 8 MFk;.

 (3) mjpy; d ,yj;jpud;fs; ,Uf;fpd;wd.
 (4) mjd; rpf;kh ^σ& gpizg;Gfspd; vz;zpf;if 4 MFk;.

 (5) mjd; tYtsT Xl;by; cs;s ,yj;jpud;fspd; nkhj;j vz;zpf;if 28 MFk;.

4.   Nru;it 

OH

O

CH3  O  C  CH  C  CH  CH3

CH2CH3

 ,d; IUPAC ngau;

 (1) methyl-3-ethyl-4-hydroxypent-2-enoate (2) methyl  3-ethyl-4-hydroxypent-2-enoate
 (3) 3-ethyl-1-methoxy-1-oxopent-3-en-4-ol (4) 3-ethyl-5-methoxy-5-oxopent-3-en-2-ol
 (5) methyl  3-ethyl-2-hydroxypent-3-enoate
 
5.   G+Nfhs ntg;gkhjypy; mjpAau;e;j gq;fspg;igf; fhl;Lk; thAit xU gf;f tpisnghUshf 

cw;gj;jp nra;Ak; cw;gj;jpr; nrad;KiwahtJ

 (1) rtu;f;fhu cw;gj;jp (2) iej;jpupf; mkpy cw;gj;jp (3) ,Uk;G cw;gj;jp 
 (4) ry;G+upf; mkpy cw;gj;jp (5) capu;j;jPry; cw;gj;jp

6.   gpd;tUk; Nru;itfspy; vJ %y epiyikapy; jd;ndhLf;fj;jpw;F cl;gLfpd;wJ?

 (1) 
H

CH3  C  C  O
OH

CH3

 (2) 
H

CH3  C  C  O
CH3

CH3

 (3) 
H

CH3  C  O 

 (4)  CHO (5) 
H

H  C  O

7.   25 °C ,y; eilngWk; gpd;tUk; jhf;fj;ijf; fUJf.
  CO2(g) + 2NH3(g) → CO(NH2)2(s) + H2O(l)  ; ∆H° = -134 kJ mol-1 
 ,j;jhf;fk; njhlu;ghfg; gpd;tUk; vf;$w;W cz;ikahdJ?

 (1) jhf;fj;jpw;F ∆ S° vg;NghJk; xU kiwg; ngWkhdkhFk;.

 (2) ∆ H° MdJ ntg;gepiyAld; mjpfupf;fpd;wJ. 
 (3) ve;jpug;gp khw;wj;jpy; cs;s Fiwtpdhy; jhf;fj;jpd; Ratpay;igj; Jzpayhk;.

 (4) vy;yh ntg;gepiyfspYk; jhf;fk; Ra jhf;fkhFk;.

 (5) cau; ntg;gepiyfspy; ∆ G° ,d; ngWkhdk; xU ngupa kiwg; ngWkhdkhFk;.
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8.   A(g) → B(g) + C(g) vDk; Kjyhk; tupir Kjd;ikj; jhf;fj;jpy; jug;gl;l ntg;gepiyapy; tPj 

khwpyp k MFk;. njhlf;ff; fl;lj;jpy; (t = 0) njhFjpapd; Muk;g mKf;fk; P1 MFk;. t Neuj;jpd; 
gpd;du; njhFjpapd; mKf;fk; P2 vdpd;> mf;fzj;jpy; NkNy Fwpg;gpl;l jhf;fj;jpd; jhf;ftPjj;ijj; 

jUtjhtJ  

 (1) k(P2 -
 P1) (2) k(P1 -

 P2) (3) k(2P1 -
 P2) (4) k(P1 -

 2P2) (5) 2k(P1 -
 P2)

9.   BaCl2 kw;Wk; Ba(OH)2 vd;Dk; ,U ePu;f; fiury;fis xd;wpypUe;njhd;W NtWgLj;jp ,dq;fhz;gjw;Fg; 

gpd;tUk; fiury;fspy; vjidg; gad;gLj;j KbahJ? 

 (1) MgCl2(aq) (2) AgNO3  (aq) (3) (NH4)2SO4(aq) (4) Na2Cr2O7(aq) (5) Na2CO3(aq)

10.   NH4NO3 IAk; CaCO3 IAk; khj;jpuk; nfhz;l xU jpz;kf; fyitapy; NH4NO3 ,d; %w; gpd;dk; 
5
6 MFk;. fyitapy; jpzpTf;Nfw;g CaCO3 ,d; rjtPjk;  ^N = 14, H = 1, O = 16, Ca = 40, C = 12&

 (1) 20%  (2) 40%  (3) 60%  (4) 67%  (5) 80% 
 
11.   ePu; khriljy; njhlu;ghfg; gpd;tUk; $w;Wfspy; vJ gpioahdJ?   
 (1) ePupy; fiue;j xl;rprdpd; msT Fiwtjw;F NO3

- > PO4
3- mad;fs; gq;fspg;Gr; nra;fpd;wd.

 (2) ePupy; fiue;j Nrjdg; nghUs;fs; ,Uf;Fk;NghJ ePupy; fiue;j xl;rprdpd; msT FiwAk;. 
 (3) ghu cNyhf mad;fs; ,Uf;Fk;NghJ ePupy; fiue;j xl;rprdpd; msT FiwAk;.

 (4) NO3
- mad;fs; mjpf mstpy; ,Uf;Fk; ePiu mUe;Jk;NghJ FUjpapy; xl;rprd; 

  nfhz;L nry;yg;gLk; nrad;Kiwf;Fj; jil Vw;gLk;.

 (5) rpy tif gw;wPupahf;fs; ePUld; ,Uk;igr; Nru;g;gjw;Fg; gq;fspg;Gr; nra;fpd;wd. 

 
12.   NaOH cw;gj;jpapy; gad;gLj;jg;gLk; nkd;rt;Tf; fyk; njhlu;ghfg; gpd;tUk; vf;$w;W 

cz;ikahdJ?

 (1) fyj;jpd; mNdhl;L fhuPaf; NfhyhFk;.

 (2) fNjhl;L miwapy; NaOH cz;lhFk; mNj Ntis mjpy; Cl2 thA ntsptplg;gLfpd;wJ.
 (3)   OH- mad;fs; nkd;rt;tpD}lhff; fNjhl;bypUe;J mNdhl;bw;Fr; nry;fpd;wd.

 (4)  fNjhl;L miwapy; NaOH cz;lhFk; mNj Ntis mq;F H2 thA ntsptplg;gLfpd;wJ. 
 (5)  ,Wjp tpisnghUshf 60%  NaOH fiury; ngwg;gLfpd;wJ.

13.   C2H5NH2 njhlu;ghfg; gpd;tUk; vf;$w;W ngha;ahdJ?
 (1) mJ mdpypdpYk; ghu;f;ff; $Ljyhd %ykhdJ.

 (2) mJ NaNO2$ Ijhd HCl cld; jhf;fk; Gupe;J N2 thAit xU tpisnghUshf ntsptpLfpd;wJ.
 (3) mJ mw;ifapy; Viyl;Lld; jhf;fk; Gupe;J tpisnghUl;fspd; fyititj; jUfpd;wJ.

 (4) mJ my;bifl;LfSlDk; fPw;Nwhd;fSlDk; fUehl;lg; gpujpaPl;Lj; jhf;fq;fisf; 

  fhl;Lfpd;wJ.

 (5) mJ Ijhd fdpg;nghUs; mkpyq;fSld; cg;Gfis Mf;Ffpd;wJ. 

14.  gpd;tUk; jhf;fj;ijf; fUJf.

   PCl3(g) + Cl2(g)  PCl5(g) + rf;jp

 25 °C ,y; xU tpiwj;j milj;j nfhs;fyj;jpy; PCl3(g), Cl2(g) Mfpatw;wpd; Fwpj;j msTfs; 

fyf;fg;gl;L> Nkw;Fwpj;j rkepiyia mila tplg;gl;ld. rkepiyapy; cs;s PCl5(g) ,d; 
%y;fspd; vz;zpf;ifia mjpfupg;gjw;Ff; fhuzq;fshfg; gpd;tUk; $w;Wfs; Fwpg;gplg;gl;Ls;sd. 

  A -  xU khwh ntg;gepiyapy; nfhs;fyj;jpd; fdtsitf; Fiwj;jy;.

  B -  xU khwhf; fdtstpy; ntg;gepiyia mjpfupf;fr; nra;jy;.

  C -  khwh ntg;gepiyapYk; fdtstpYk; nfhs;fyj;jpy; Ar thAtpd; xU Fwpj;j msitr; 

    Nru;j;jy;.

 Nkw;Fwpj;j $w;Wfspy; cz;ikahdJ / cz;ikahdit

 (1) A khj;jpuk;   (2) B khj;jpuk;   
 (3) A, B Mfpad khj;jpuk; (4) A, C Mfpad khj;jpuk; 
 (5) B, C Mfpad khj;jpuk;

15.   nrwpT 0.02 mol dm-3 MfTs;s Xu; FeI2 ePu;f; fiurypd; 25.00 cm3 cld; mkpy Clfj;jpy; Kw;whfj; jhf;fk; 

Guptjw;Fj; Njitahd 0.01 mol dm-3 K2Cr2O7 ,d; ^cm3,yhd& fdtsT gpd;tUtdtw;wpy; ahJ?

 (1) 8.33  (2) 10.00 (3) 16.67 (4) 20.00 (5) 25.00
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16.   miw ntg;gepiyapy; xd;Nwhnlhd;W njhLifapy; ,Uf;Fk; A, B vd;Dk; ,U fyf;Fkpay;gpy;yhj 

fiug;ghd;fs; ,Uf;Fk; xU njhFjpapy; fiuak; X fiuf;fg;gLfpd;wJ. fiug;ghd; A ,y; X xU 
jdp %yf;$whf ^X Mf& ,Uf;fpd;wJ. fiug;ghd B ,y; X ,d; n vz;zpf;ifapyhd %yf;$Wfs; 

Nru;e;J  Xn %yf;$Wfshf mikfpd;wd. mg;NghJ  nX  Xn vd;Dk; rkepiy ,Uf;Fk; 

mNjNtis mjd; rkepiy khwpyp KC MFk;. ,jw;F Nkyjpfkhff; fiug;ghd; B ,y; X ,d; rpy 
jdp %yf;$WfSk; cs;sd. fiug;ghd; A ,y; X ,d; nrwpT C1 ck; fiug;ghd; B ,y; RahjPd X 
,d; nrwpT C2 ck; fiug;ghd; B ,y; Xn ,d; nrwpT C3 ck; MFk;. njhFjpapy; X ,d; gq;fPl;Lf; 

Fzfk; KD MFk;. gpd;tUtdtw;wpy; vJ n
KD

 √KC

 tpfpjj;ijj; jUfpd;wJ?
 

 (1) 
C1

  √C3
n  (2) 

C3
  √C1
n  (3) 

C1

C2
 (4)  

C3

C2
n (5)  

C1

C3
n

17.   25 ° C ,y; gpd;tUk; gpizg;Gr; rf;jpfisf; fUJf. 

  

gpizg;G gpizg;Gr; rf;jp$ kJ mol-1
A - A 150
B - B 250
A - B 200

 jhf;fk; A2(g) + 3B2(g) → 2AB3(g)  ,d; ntg;gTs;Siw khw;wk; ∆H° (kJ mol-1) 
 (1) -300 (2) 300 (3) -500  (4) 500 (5) 1200

18.   50 °C ,y; fdtsT 1.0 dm3 I cila xU tpiwj;j milj;j nfhs;fyj;jpy; cs;s gpd;tUk; 

rkepiyiaf; fUJf. 
  2SO2(g) + O2(g)  2SO3(g)
 50°C ,y; SO2(g) ,d; a %y;fSk; O2(g) ,d; b %y;fSk; nfhs;fyj;jpy; ,lg;gLfpd;wd. rkepiyia 

mile;j gpd;du; nfhs;fyj;jpy; SO3(g) ,d; x  %y;fs; ,Ue;jjhff; fhzg;gl;lJ. Kd;Kfj; 

jhf;fj;jpw;fhd rkepiy khwpyp KC MdJ    
 

 (1) (a - 2x)2(b - x)
x 2  (2) x 2

(a - x)2(b - x)
 (3) x 2

(a - x)2(b - 0.5x)
 

 (4) (a - x)2(b - 0.5x)
x 2  (5) x 2

(a - 2x)2(b - x)

19.  Nfj;jpufzpjr; rkgFjpr;Nru;itf; fhl;Lk; Nrjdr; Nru;it gpd;tUtdtw;wpy; ahJ? 

 (1) 3,3-dibromo-1-butene  (2)   2-bromo-1-butene      
 (3)   1- bromo-2-methylpropene  (4)   1-bromo-2-butene 
 (5)  1,1-dibromo-1-butene

20.   K, Na Mfpatw;wpd; cNyhfj; Jz;Lfspd; xU fyitapd; 42.5 g I 25 °C ,y; fha;r;rp tbj;j ePupd; 
1.0 dm3 cld; Nru;j;jNghJ ntsptplg;gl;l thAtpd; jpzpT 0.5 g MFk;. Mf;fg;gl;l fiurypd; 

 pH ngWkhdk; (Na = 23, K = 39, H = 1, O = 16)   
 (1) 0.3 (2) 1.7 (3) 13.0  (4) 13.7  (5) 14.0

21. 25 °C ,y; NaI ,d; Xu; 1.00 mol dm-3 fiuriyg; ngWtjw;Fj; Njitahd jpz;k NaI ,d; jpzpT 

Fwpj;j msT ePupy; fiuf;fg;gl;lJ. mf;fiurypy; mkpo;j;jg;gl;l ,U Pt kpd;tha;fs; xU flj;Jk; 
fk;gpapdhy; njhLf;fg;gl;lNghJ 25 °C ,y; eilngWk; xl;Lnkhj;jkhd fyj; jhf;fKk; fyj;jpd; 

kpd;dpaf;f tpirAk; (kp.,.tp.) gpd;tUk; vt;tpilapy; fhl;lg;gl;Ls;sJ? 
   E°I2/I

- = 0.53 V, E°H2O/H2 = - 0.83 V  

 (1) 2I-(aq) + 2H2O(l) → I2(s) + H2(g) + 2OH-(aq) ; - 0.30 V
 (2) 2I-(aq) + 2H2O(l) → I2(s) + H2(g) + 2OH-(aq) ; + 0.30 V
 (3) I2(s) + H2(g) + 2OH-(aq) → 2I-(aq) + 2H2O(l) ; - 1.36 V
 (4) I2(s) + H2(g) + 2OH-(aq) → 2I-(aq) + 2H2O(l) ; + 1.36 V
 (5) I2(s) + H2(g) + 2OH-(aq) → 2I-(aq) + 2H2O(l) ;  0.00 V
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22.   25°C ,y; 2.20 mol dm-3 CH3COOH ,d; 250.00 cm3 IAk; 2.00 mol dm-3 NaOH ,d; 250.00 cm3 
IAk; fyg;gjd; %yk; jahupf;fg;gl;l xU jhq;fw; fiurypd; pH ngWkhdk; gpd;tUtdtw;wpy; 
ahJ? 

 (25°C ,y; CH3COOH mkpyj;jpd; Ka = 1.0 × 10-5 mol dm-3 MFk;.) 

 (1)  4 (2)  5  (3)    6 (4)  7    (5)   8

23.   fpwPdhl; Nrhjidg; nghUisj; jahupg;gjw;Fg; gad;gLj;jj;jf;f Nru;it gpd;tUtdtw;wpy; ahJ?
 

 (1) H  C  C   CH  CH3

Br
 (2)  

CH2CH3

Br

CH2  CH

   (3)  
CH2  Br

CH3

OH

 (4)  
O

CH3  C  CH2CH2CH2Cl  (5)  
NH2

CH3  CH  C  C  CH2CH2  Br

24.   %yu;j; jpzpT M I cila Xu; cNyhfk; X MdJ xU khwh Xl;lj;ij 10 kzpj;jpahyj;jpw;F 

XCl2  ,d; xU ePu;f; fiury; Clhfr; nrYj;jp kpd;gFg;Gr; nra;tjd; %yk; kpd;Kyhkplg;gl;lJ. 

guNl khwpyp MFk;. gpd;tUtdtw;wpy; vJ kpd;Kyhkplg;glj;jf;f X ,d; cau;e;jgl;rj; jpzpitj; 

jUfpd;wJ?    
 

 (1) 3600 × 10 × I × M
F   (2) 3600 × 10 × I × M

2F     (3)   10 × 60 × I × M
2F

 (4)  10 × 60 × I × M
F    (5) 10 × I × M

2F
 

25.   gpd;tUk; jhf;f xOq;iff; fUJf.

 

COOH

→ P → Q → R →  

CH2  NH  

Br
       

 vt;tpilapy; P, Q, R Mfpatw;Wf;F kpfTk; cfe;j fl;likg;Gfs; KiwNa fhl;lg;gl;Ls;sd?  

 (1) 

COCl

"  

COCl

Br
 " 

O

C  NH 

Br
         (2)  

CH2OH

"  

CH2  Br

 " 

CH2  Br

Br
 

 

 (3) 

COCl

"  

O

C  NH 

 "  

O

C  NH 

Br
 (4)  

COOH

Br
"  

COCl

Br
 " 

O

C  NH 

Br

 (5)  

CH2OH

"  

O

C  NH 

  " 

O

C  NH 

Br
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26. 

CHO
COOH

CH2CH2CH2CH  CH2

A

 Nru;it A MdJ LiAlH4 cld; jhf;fk; Gupar; nra;ag;gl;L mjd;  

    gpd;du; ePu; Nru;f;fg;gLk;NghJ cz;lhf;Fk; tpisnghUshtJ 
    

 

 (1) 
CH2OH

COOH

CH2CH2CH2CH  CH2

(2) 
CHO

CH2OH

CH2CH2CH2CH  CH2

  (3)  
CH2OH

CH2OH

CH2CH2CH2CH  CH2

 

 (4) 
CHO

COOH

CH2CH2CH2CH2CH3

  (5)  
CH2OH

CH2OH

CH2CH2CH2CH2CH3

     

27.   %yf;$w;Wr; #j;jpuk; C5H10O I cila A, B, C vd;Dk; %d;W rkgFjpaq;fs; gw;wpa rpy 

gupNrhjidKiwj; jfty;fs; fPNo jug;gl;Ls;sd. 

  A - Nfj;jpufzpjr; rkgFjpr;Nru;itf; fhl;Lk; mNj Ntis Br2 ePiu epwk;ePf;Ffpd;wJ.

  B - vjpUU rkg;gFjpr;Nru;itf; fhl;Lk; mNjNtis gpuhbapd; Nrhjidg; nghUSld; xU 

    nrk;kQ;rs; tPo;gbitj; jUtjpy;iy. 

  C - njhydpd; Nrhjidg; nghUSld; nts;sp Mbiaj; jUfpd;wJ. 
 A, B, C Mfpatw;wpd; rupahd fl;likg;Gfs; ,lk;ngWk; tpil

                  

 (1) 
CH3

CH3CH  C  CH2OH      ,  
CH3

CH3CH2  CH  CHO  kw;Wk; CH3CH2CH2CH2CHO

 (2) 

CH3

CH2  C  CH2CH2OH    ,  
OH

CH2  CH  CH  CH2CH3  kw;Wk; 
CH3O

H  C  CH2CH CH3

 (3) 

CH2OH

CH3CH2  C  CH2        ,  
CH3

CH3CH2  CH  CHO       kw;Wk;      
O

CH3 CH2  C  CH2CH3

 (4) CH3CH  CHCH2CH2OH  ,  
CH3

CH2  CH  CH  CH2OH  kw;Wk; 

CH3

CH3  C  CHO

CH3

 (5) CH3CH2CH  CHCH2OH   ,  
OH

CH2  CH  CH  CH2CH3  kw;Wk; 

CH2OH

CH3  CH  CH  CH2

28.   λ1 ,ypUe;J λ2 nm ^λ1 < λ2&" tiuAs;s miy ePs tPr;rpy; fl;Gy xspia xj;j xU Nghl;ldpd; 

rf;jp tPr;Rf;Fr; rupahd Nfhit gpd;tUtdtw;wpy; ahJ?

 ^h = gpshq; khwpyp> c = xspapd; Ntfk;&

 (1) hc ( 1
λ1

 - 1
λ2

) × 109 J (2) hc ( 1
λ2

 - 1
λ1

) × 109 J   (3) hc (λ2 - λ1

λ1λ2
) × 10-19 J

 (4) hc (λ1 - λ2

λ1λ2
) × 10-19 J (5) hc ( 1

λ1

 - 1
λ2

) × 10-19 J
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29.   Fwpj;j mKf;fk; P ,Yk; Fwpj;j ntg;gepiy T ,Yk; nra;ag;gl;l xU gupNrhjidapy; ePupd; 

fPo;Kfg; ngau;r;rpapd; %yk; H2(g) ,d; fdtsT V cm3 Nru;f;fg;gl;lJ. ,t;ntg;gepiyapy; ePupd; 
epuk;gyhtp mKf;fk; P°H   2O MFk;. H2(g) ,dJk; H2O(g) ,dJk; %y;fspd; vz;zpf;iffSf;fpilNa 

cs;s tpfpjKk; H2(g) ,dJk; H2O(g) ,dJk; ruhrupf; fjpfSf;fpilNa cs;s tpfpjKk; KiwNa       
 

 (1) 
P - P°

H   2O

P°
H   2O

> 3 MFk;.  (2) 
P - P°

H   2O

P°
H   2O

> 1
3  MFk;. (3) 

P°
H   2O

P  > 3 MFk;. 

 (4) 
P

P°
H   2O

> 3 MFk;.   (5) 
P

P°
H   2O

> 1
3  MFk;.

30.   gpd;tUk; jhf;fj;ijf; fUJf.

    
Br2 / FeBr3    

Br

 Nkw;Fwpj;j jhf;fg;; nghwpKiwapd; xU gbKiwiar; rupahff; fhl;Lk; tpil ahJ?

 (1) Br2 + FeBr3 → Br  Br  FeBr2 + Br+ 

 (2)    Br - Br - FeBr3 
+ -

  →  
Br

+  FeBr4

 (3)    Br - Br - FeBr3 
+ -

  →  
Br

+ +  FeBr2 +  Br2 

 (4)    Br - Br - FeBr3 
+ -

  →  
H
Br

+ +  FeBr4

  (5)  H
Br

+
FeBr3  →  

Br
+  HFeBr3 

•     31 njhlf;fk; 40 tiuAs;s tpdhf;fs; xt;nthd;Wf;Fk; (a), (b), (c), (d) vd;Dk; ehd;F njupTfs; 

jug;gl;Ls;sd. mtw;Ws; xd;W jpUj;jkhdJ my;yJ xd;Wf;F Nkw;gl;lit jpUj;jkhdit. jpUj;jkhd 

njupit / njupTfisj; Nju;e;njLf;f. 
  (a), (b) Mfpad khj;jpuk; jpUj;jkhditnadpy; (1) ,d; kPJk; 
  (b), (c) Mfpad khj;jpuk; jpUj;jkhditnadpy; (2) ,d; kPJk; 
  (c), (d) Mfpad khj;jpuk; jpUj;jkhditnadpy; (3) ,d; kPJk; 
  (d), (a) Mfpad khj;jpuk; jpUj;jkhditnadpy; (4) ,d; kPJk;
  NtW njupTfspd; vz;Nzh Nru;khdq;fNsh jpUj;jkhditnadpy; (5) ,d; kPJk;
 ckJ tpilj;jhspy; nfhLf;fg;gl;l mwpTWj;jy;fSf;fika tpiliaf; Fwpg;gpLf.

     

Nkw;$wpa mwpTWj;jw; RUf;fk; 
(1) (2) (3) (4) (5)

(a), (b) Mfpad 

khj;jpuk;

jpUj;jkhdit 

(b), (c)  Mfpad 

khj;jpuk;

jpUj;jkhdit 

(c), (d)  Mfpad 

khj;jpuk;

jpUj;jkhdit

(d), (a)  Mfpad 

khj;jpuk;

jpUj;jkhdit 

NtW njupTfspd; 

vz;Nzh Nru;khdq;fNsh 

jpUj;jkhdit 

31.   16O > 15N Mfpatw;iwf; nfhz;l mad;fs; fPNo jug;gl;Ls;sd. mtw;wpy; vJ / vit ,yj;jpud; 
vz;zpf;ifapYk; ghu;f;ff; $ba epA+j;jpud; vz;zpf;ifiaf; nfhz;Ls;sJ / nfhz;Ls;sd?   

 (a) NO2
+ (b) N3

- (c) NO3
-  (d) O2

2    -  

32.   O3 kw;Wk; O2 Mfpad njhlu;ghfg; gpd;tUk; $w;Wfspy; vJ / vit cz;ikahdJ / cz;ikahdit?

 (a) O3 ,d; gpizg;G ePsk; O2 ,d; gpizg;G ePsj;jpYk; FiwthdJ.

 (b) ,U ,dq;fspdJk; ,UKidTj; jpUg;gk; G+r;rpakhFk;.

 (c) O3 xU gr;irapy;y thAthf ,Ue;jhYk; O2 mt;thwd;W.

 (d) XNrhd; gilapy; O2 kw;Wk; O3 Mfpad mlq;Ffpd;wd.  
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33.   A+upah ePupy; fiuAk;NghJ eilngWk; %yu; ntg;gTs;Siw khw;wj;ij ^∆Hdissolution& Jzptjw;Fr; 

nra;ag;gl;l xU gupNrhjidapy; xU fNyhupkhdpapy; A+upah (H2NCONH2)  ,d; 6 g MdJ 25°C ,y; 

cs;s 100 g ePupy; fiuf;fg;gl;lJ. fiurypd; ,Wjp ntg;gepiy 22°C Mf ,Uf;ff; fhzg;gl;lJ. 

A+upah ePupy; fiuAk;NghJ fdtsT khw;wk; eilngWtjpy;iy vdTk; fiurypd; mlu;j;jp ePupd; 

mlu;j;jpf;Fr; ^1.0 g cm-3& rkk; vdTk; ntg;g ,og;G Vw;gLtjpy;iy vdTk; fiurypd; jd;ntg;gf; 

nfhs;ssT 4.0 J g-1 K-1 vdTk; nfhs;f. gpd;tUk; $w;Wfspy; vJ / vit Nkw;Fwpj;j gupNrhjidia 
kpfr; rpwe;j tpjj;jpy; tptupf;fpd;wJ / tptupf;fpd;wd?     

 (H = 1, C = 12, N = 14, O = 16)  

 (a) 6 g A+upah fiuifapy; 1.2 kJ ntg;gk; Rw;whlypw;F tpLtpf;fg;gLfpd;wJ.
 (b) 6 g A+upah fiuifapy; 1.2 kJ ntg;gk; njhFjpapd; %yk; cwpQ;rg;gLfpd;wJ. 

 (c) A+upahtpd; xU %y; fiuifapy; 12 kJ ntg;gk; njhFjpapd; %yk; cwpQ;rg;gLfpd;wJ.

 (d) A+upahtpd; xU %y; fiuifapy; 12 kJ ntg;gk; Rw;whlYf;F tpLtpf;fg;gLfpd;wJ.

34.   rkepiyapy; ,y;yhj ve;jnthU xU%yf;$w;Wj; jhf;fj;jpYk; 

 (a) tPjj;ijj; JzpAk; gbKiwapy; xU jhf;fp khj;jpuk; ,Uf;Fk;.

 (b) kpf nkJthf eilngWk; gbKiwapy; %yf;$w;Wj;jpwd;> tupir Mfpa ,uz;Lk; xd;W MFk;. 

 (c) %yf;$w;Wj;jpwd; xd;whf ,Uf;Fk; mNj Ntis tupir G+r;rpakhFk;.

 (d) %yf;$w;Wj;jpwd;> tupir Mfpa ,uz;Lk; G+r;rpakhFk;.

 
35.   fPNo jug;gl;Ls;s Nrjdr; Nru;itfisf; fUJf.

 

H2N  (CH2)6  NH2

A     

O
Cl  C  (CH2)4  C  Cl

B

O

       

CH3  CH   CH2

C   

 

O
H2N  C  (CH2)4  C  Cl

D

O

 

OH  (CH2)6  OH

E

 Nkw;Fwpj;j Nrjdr; Nru;itfs; njhlu;ghfg; gpd;tUk; $w;Wfspy; vJ/ vit cz;ikahdJ/
cz;ikahdit?

 (a) A, B Mfpatw;iwg; gad;gLj;jpg; nghypna];uupd; xU tifiaj; jahupf;fyhk;.

 (b) A, B Mfpatw;iwg; gad;gLj;jp ieNyhdpd; xU tifiaj; jahupf;fyhk;.

 (c) C Ig; gad;gLj;jpf; $l;lw; gy;gFjpaj;jpd; xU tifiaj; jahupf;fyhk;.

 (d) D Ig; gad;gLj;jp ieNyhdpd; xU tifiaj; jahupf;fyhk;.

36. HI(g) ,d; 1.0 %y;> H2(g) ,d; 0.20 %y;> I2(g) ,d; 0.50 %y; Mfpad 1.0 dm3 fdtsTs;s xU 
tpiwj;j milj;j nfhs;fyj;jpy; ,lg;gl;L 750 K ,y; gpd;tUk; rkepiyia mila tplg;gl;ld. 

  2HI(g)  H2(g) + I2(g)   ;  KC = 2.5 × 10-2.         QC MdJ jhf;f <thFk;.

 ,j;njhFjp gw;wpg; gpd;tUk; vf;$w;W/ $w;Wfs; rupahdJ/ rupahdit? 
 (a) njhlf;fj;jpy; QC > KC ; jhf;fk; $Ljyhd HI(g) cz;lhFkhW eilngWfpd;wJ.

 (b) njhlf;fj;jpy; QC > KC ; jhf;fk; $Ljyhd I2(g) ck; H2(g) ck; cz;lhFkhW eilngWfpd;wJ.

 (c) njhlf;fj;jpy; QC > KC ; $Ljyhd I2(g) ck; H2(g) ck; Efug;gLfpd;wd.

 (d) njhlf;fj;jpy; QC < KC ; $Ljyhd I2(g) ck; H2(g) ck; Efug;gLfpd;wd.
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37. OH

A

   

   CH3CH2OH

       B

 Nkw;Fwpj;j A, B Mfpa ,U Nru;itfs; njhlu;ghfTk; kpfTk; rupahd $w;W/ $w;Wfs; ahJ/ 
ahit?

 (a) A ,d; fUehl;lg; gpujpaPl;Lj; jhf;fq;fspd; tPjk; B ,d; mt;tPjj;jpYk; $baJ.

  (b) A MdJ ,yj;jpudhl;lg; gpujpaPl;Lj; jhf;fq;fSf;F cl;gLk; mNjNtis B mt;thwd;W.

 (c)  A  ,y; C  O gpizg;Gf;Fg; gFjp ,ul;ilg; gpizg;G ,ay;G ,Uf;Fk; mNj Ntis B ,y; 
  C  O gpizg;G xU xw;iwg; gpizg;ghFk;.   
 (d)  A  ,y; xl;rprDld; Nru;e;j fhgd; mZtpy; ,yj;jpud; FiwghL B ,d; xj;j fhgd; mZtpYk; 

  $baJ.

38. gpd;tUk; rkepiyj; njhFjp Fspu;r;rpahf;fg;gLk;NghJ mjd; epwk; gr;irapypUe;J epwk; ePy 

epwkhf khWfpd;wJ. 

 Cu2+(aq) + 4Br-(aq)  [CuBr4]
2-(aq) 

  ePyk;         gr;ir
   
 Fspur;rpahf;fg;gLk;NghJ Nkw;Fwpj;j njhFjp njhlu;ghfg; gpd;tUk; vf;$w;W/ $w;Wfs; rupahdJ/ 

rupahdit?

 (a) KC ,d; ngWkhdk; Fiwfpd;wJ.   (b) njhlf;fj;jpy; QC MdJ Gjpa KC ,Yk; ngupajhFk;.

 (c) Kd;Kfj; jhf;fk; Gwntg;gj; jhf;fkhFk;. (d) KC ,d; ngWkhdk; mjpfupf;fpd;wJ.

 

39.   298 K ,y; Xu; milj;j nfhs;fyj;jpy; eilngWk; mfntg;gj; jhf;fk; A2(g) + B2(g) → 2AB(g) 
,d; tPjr; rkd;ghl;by;; tPjk; = k[A2(g)][B2(g)] MFk;. ,j;jhf;fk; njhlu;ghd rpwe;j $w;W/ $w;Wfs; 
ahJ/ ahit? 

 (a) khwh ntg;gepiyapYk; fdtstpYk; A2(g) Ir; Nru;f;Fk;NghJ tPjk; mjpfupf;fpd;wJ.

 (b) khwh ntg;gepiyapy; nfhs;fyj;jpd; fdtsT mjpfupf;fg;gLk;NghJ tPjk; Fiwfpd;wJ.

 (c) khwh ntg;gepiyapYk; mKf;fj;jpYk; Xu; Cf;fpiar; Nru;f;Fk;NghJ jhf;fj;jpd; Vtw; rf;jp 

  Fiwfpd;wJ.

 (d) ntg;gepiyiaAk; fdtsitAk; khwpypahf itj;J A2(g) Ir; Nru;f;Fk;NghJ tPjk; 
  Fiwfpd;wJ.

40.   gpshw;wpdk; fk;gpiag; gad;gLj;jpr; rpwpjsT KMnO4(s) Ig; gd;rd; RluLg;gpy; ntg;gkhf;Fk;NghJ
 (a) gd;rd; Rthiy fLk; gr;irahf khWfpd;wJ.
 (b) gd;rd; Rthiyapd; gpufhrk; mjpfupf;fpd;wJ.

 (c) cz;lhFk; jpz;k kPjp K2MnO4> MnO2 Mfpatw;iwf; nfhz;Ls;sJ.

 (d) ,Utoptpfhuj; jhf;fk; eilngWfpd;wJ. 
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•     41 njhlf;fk; 50 tiuAs;s tpdhf;fs; xt;nthd;wpYk; ,uz;L $w;Wfs; jug;gl;Ls;sd. ml;ltizapy; 

cs;s (1), (2), (3), (4), (5) Mfpa njupTfspypUe;J xt;nthU tpdhTf;Fk; jug;gl;Ls;s ,U 

$w;WfSf;Fk; kpfTk; rpwg;ghfg; nghUe;Jk; njupitj; njupe;J nghUj;jkhf tpilj;jhspw; Fwpg;gpLf.  

 

njupT Kjyhk; $w;W ,uz;lhk; $w;W

(1)
(2)
(3)
(4)
(5)

cz;ik
cz;ik
cz;ik
ngha;
ngha;

cz;ikahf ,Ue;J Kjyhk; $w;Wf;Fj; jpUj;jkhd tpsf;fj;ijj; jUtJ.
cz;ikahf ,Ue;J Kjyhk; $w;Wf;Fj; jpUj;jkhd tpsf;fj;ijj; juhjJ.
ngha;
cz;ik
ngha;

 

Kjyhk; $w;W ,uz;lhk; $w;W

41.
AgNO3 ,d; ePu;f; fiurypD}lhf H2S thAitf; 
Fkpopaplr; nra;Ak;NghJ fWg;G epw tPo;gbT 
cz;lhFfpd;wJ.

fw;wad;fspd; $l;lg; gFg;gha;tpNy Kjyhk; 
$l;lj;jpy; Ag+ MdJ Ag2S Mf tPo;gbthfpd;wJ. 

42. ,Uk;igg; gpupj;njLf;Fk;NghJ CJiyapd; fPo;g; 
gFjpapd; ntg;gepiy Vwj;jho 1300 °C MFk;. 

CJiyapy; eilngWk; vy;yhj; jhf;fq;fSk; 
Gwntg;gj; jhf;fq;fshFk;.

43.
fhnghl;rpypf; mkpyj;jpd; fUehl;lg; gpujpaPl;Lj; 
jhf;f tPjk; mkpyf; FNshiul;LfspYk; 
$bajhFk;.   

fhnghl;rpypf; mkpyj;jpd; fhgidy; fhgdpy; 
,yj;jpud; FiwghL mkpyf; FNshiul;Lfspd; 
xj;j fhgdpYk; $bajhFk;.   

44.
miw ntg;gepiyapy; xU Zn Nfhiy xU 
ZnSO4(aq) fiurypy; mkpo;j;Jk;NghJ Zn 
NfhYf;Fk; fiurYf;FkpilNa cs;s mOj;j 
tpj;jpahrk; mjd; kpd;tha; mOj;jkhFk;. 

miw ntg;gepiyapy; ,U NtWgl;l kpd;tha;fis 
Xu; cg;Gg; ghyj;jpD}lhfj; njhLf;Fk;NghJ ,U 
kpd;tha;fSf;FkpilNa cs;s mOj;j tpj;jpahrk; 
fyj;jpd; kpd;dpaf;f tpirahFk;. 

45. NaF ,Yk; ghu;f;f NaI ,d; gq;fPl;L tY 
,ay;G $bajhFk;. 

Viyl;L mad;fspd; Miu mjpfupf;Fk;NghJ 
KidthFjfT mjpfupf;fpd;wJ.  

46. NaOH ,w;Fk; Cl2 ,w;FkpilNa cs;s 
jhf;fj;jpdhy; NaClO3 Ig; ngwyhk;.   

NaOH Xu; xl;rpNaw;Wq; fUtpahfj; njhopw;glyhk;.  

47. vy;yhf; $l;lw; gy;gFjpaq;fSk; 
epuk;gpadthFk;.

epuk;gh xUgFjpaq;fspdhy; khj;jpuk; $l;lw; 
gy;gFjpaq;fis cUthf;fyhk;.

48.
Cu2+, Zn2+> Fe2+ Mfpatw;wpd; ePu;f; fiury;fs; 
kpifahd ePu; NH3 cld; njspe;j CLfhl;Lk; 
fiury;fis Mf;Ffpd;wd.  

ntWikahd tYtsT xOf;Ffisf; nfhz;Ls;s 
vy;yh 3d fw;wad;fSk; NH3 ,ypUe;J jdpj;j 
,yj;jpud; Nrhbfisg; ngWtjd; %yk; 
rpf;fyad;fis Mf;Ffpd;wd.

49.
ntg;gepiyia mjpfupf;fr; nra;Ak;NghJ 
rkepiyapy; cs;s Xu; mfntg;g Kd;Kfj; 
jhf;fj;jpd; rkepiy ,lg;gf;fj;jpw;Fg; ngaUk;.

ntg;gepiyia mjpfupf;fr; nra;Ak;NghJ 
rkepiyapy; cs;s Xu; mfntg;gj; jhf;fj;jpd; 
rkepiy khwpypapd; ngWkhdk; mjpfupf;Fk;.

50. cau; mKf;fq;fspy; CH4(g) Xu; ,yl;rpa 
thAthf ele;Jnfhs;tjpy;iy.

cau; mKf;fq;fspy; thA %yf;$Wfs; 
xd;iwnahd;W mZFk; mNjNtis thAtpd; 
fdtsT nfhs;fyj;jpd; fdtstpd; fzprkhd 
msT rjtPjkhFk;. 

* * *
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(02) ,urhadtpay;
tpdhj;jhs; II

mwpTWj;jy;fs; :

  *  gFjp A apy; cs;s vy;yh tpdhf;fSf;Fk; tpil vOJf.

*  gFjp B apy; ,uz;L tpdhf;fisAk; gFjp C ,y; ,uz;L tpdhf;fisAk; njupT nra;J 

vy;yhkhf ehd;F tpdhf;fSf;F tpil vOJf.

gFjp A - mikg;Gf; fl;Liu

1.(a)  Mtu;j;jd ml;ltizapd; %d;whk; Mtu;j;jdj;jpy; cs;s Kjy; VO %yfq;fisAk; fUJf. 

gpd;tUk; ,ay;Gfisf; fhl;Lk; %yfq;fis ,dq;fhz;f. mtw;wpd; FwpaPLfisj; jUf. 

 (i) I. mjpAau;e;j ,uz;lhk; madhf;fr; rf;jp   ...........................................................
  II. mjpAau;e;j cUFepiy    ...........................................................
  III. <upay;G    ........................................................... 
 
 (ii) Nkw;Fwpj;j %yfq;fspy; kpfTk; cau;e;j kpd;ndjpupay;Gk; kpfTk; jho;e;j kpd;ndjpupay;Gk; 

cs;s ,U %yfq;fspd; jhf;fq;fspdhy; cz;lhf;fg;gLk; Nru;itapd; ,urhadr; #j;jpuj;ij 

vOJf.  

    ...........................................................................................................................................................
  
 (iii) NkNy (ii) ,w; Fwpg;gpl;l Nru;itf;F kpfTk; cau;e;j cUFepiy ,Ug;gjw;fhd fhuzj;ijr; 

RUf;fkhf tpsf;Ff.     

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

(25 Gs;spfs;)

 (b) NO, NO2 Mfpad xt;nthU N kPJk; xU Nrhbahf;fg;glhj ,yj;jpuidf; nfhz;l iejurdpd; 

xw;iw ,yj;jpud; Nru;itfshFk;.   

 (i) NO, NO2 Mfpatw;Wf;F kpfTk; Vw;Wf;nfhs;sj;jf;f cY}ap fl;likg;Gfis tiuf.  

 (ii) NO, NO2 Mfpad xd;Nwhnlhd;W jhf;fk; GupAk;NghJ cz;lhFk; Nru;itapd; ,urhadr; 

#j;jpuj;ijAk; IUPAC ngaiuAk; vOJf. 

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

 (iii) NkNy (ii) ,y; Fwpg;gpl;l Nru;it epiyf;F kpfTk; Vw;Wf;nfhs;sj;jf;f cY}ap fl;likg;ig 

tiuf. 

 

    

 (iv) NkNy (iii) ,y; Fwpg;gpl;l Nru;itAld; njhlu;Ggl;l gupTf; fl;likg;Gfis tiuf. 
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 (v) NkNy (iv) ,y; tiue;j gupTf; fl;likg;Gfspy; cz;ikahd fl;likg;Gf;F cau;e;jgl;rk; 

gq;fspg;Gr; nra;Ak; fl;likg;G / fl;likg;Gfisj; njupT nra;J tiuf.

 

 (vi) NkNy (ii) ,y; cs;s Nru;itapd; xU %yf;$wpy; cs;s kpfTk; eype;j gpizg;G ahJ? 

ckJ tpiliaj; njupe;njLg;gjw;Ff; fhuzj;ijf; Fwpg;gpLf.       
    ........................................................................................................................................................... 
    ...........................................................................................................................................................

 (vii) NkNy (ii) ,y; cs;s Nru;itia Xu; cau; ntg;gepiyf;F cau;j;jpdhy; vd;d eilngWnkd 

vjpu;ghu;g;gPu;? 

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

 (viii) NkNy (iv) ,y; cs;s fl;likg;ig / fl;likg;Gfisf; fUjp mjpy; cs;s ,U N mZf;fisAk; 
N1 , N2 vd ,yf;fkpLf. me;j N mZf;fisf; fUjpg; gpd;tUk; ml;ltizia epug;Gf.

   

N(1) N(2)

fyg;ghf;fk;

,yj;jpud; Nrhbf; Nfj;jpufzpjk;

mZitr; Rw;wp cs;s tbtk;

xl;rpNaw;w vz;

   
(50 Gs;spfs;)

 (c)  milg;Gf;Fwpfspy; jug;gl;Ls;s ,ay;gpd; VWtupirf;Nfw;g gpd;tUtdtw;iw xOq;FgLj;Jf. 

 (i) K2CO3, MgCO3, CaCO3, BaCO3 ^gpupif ntg;gepiy&

  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''

 (ii) H2CO, CO, CO2, COCl2 ^fhgdpd; kpd;ndjpupay;G&

  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''

 (iii) NO2
-, NO3

-, NO+, NOF ^N  O gpizg;G ePsk;&

  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''

 (iv) nrad;Kiw M(g) + e → M-(g) ,y; tpLtpf;fg;gLk; rf;jp ^M MdJ C, F, Mg, Cl MFk;.&

  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''

 (v) C3H7OH, CH3CH2COOH, C2H5CHO, C2H5OCH3  ^ep.nt.m. ,y; epuk;gyhtp mKf;fk;&

  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''  <  '''''''''''''''
   

(25 Gs;spfs;)
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2. (a) Al, Mg cNyhfq;fis khj;jpuk; nfhz;l 3.0 g epiwAs;s xU fyg;GNyhf Jz;L 0.10 mol dm-3, ePu; 
NaOH  fiurYld; jhf;fk; Gupe;jJ. mg;NghJ ntspNawpa thA ep.nt.m. ,y; 1680 cm3 fdtsitf; 
nfhz;bUe;jJ. 

  (Al = 27, Mg = 24; ep.nt.m. ,y; thAtpd; 1 %y; 22400 cm3 fdtsit ,lq;nfhs;fpd;wJ.& 
 (i) Nkw;Fwpj;j nrad;Kiwf;Fupa rkd;gLj;jpa ,urhadr; rkd;ghLfis vOJf.

    ...........................................................................................................................................................
    ...........................................................................................................................................................
     
 (ii) fyg;GNyhfj;jpy; Al ,d; jpzpTr; rjtPjj;ijf; fzpf;f.

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

 (iii) Nkw;Fwpj;j fyg;GNyhfj;jpd; 3.0 g epiwAs;s NtnwhU Jz;L Xu; Ijhd HCl fiurYld; 

Kw;whfj; jhf;fk; Gupar; nra;ag;gl;lJ. mjw;Fupa rkd;gLj;jpa ,urhadr; rkd;ghLfis 

vOJf.

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

 (iv) NkNy (iii) ,y; ep.nt.m. ,y; ntsptplg;gl;l thAtpd; fdtsitf; fzpf;f. 

    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
  
 (v) NkNy (i) ,Yk; (iii) ,Yk; ntsptplg;gLk; thAtpd; / thAf;fspd; ,U ifj;njhopw; gad;ghLfisf; 

Fwpg;gpLf. 

    ...........................................................................................................................................................
  (50 Gs;spfs;)

(b)   TiFeO3 Xu; cWjpahd Nru;itahFk;. ,q;F ,U cNyhf mad;fspdJk; xl;rpNaw;w epiyfs; 

NtWgl;litnadj; jug;gl;bUg;gpd;>       
 (i)  mtw;wpd; xl;rpNaw;w epiyfis ,dq;fhz;f. 

    ...........................................................................................................................................................
  
 (ii) cNyhf mad;fspd; ,yj;jpud; epiyaikg;ig vOJf. 

    ........................................................................................................................................................... 
    ...........................................................................................................................................................
  
 (iii) TiFeO3 MdJ HCl mkpyj;jpy; fiuf;fg;gLk;NghJ cz;lhFk; fiurypd; epwj;ij vjpu;T$Wf.

    ........................................................................................................................................................... 
    ...........................................................................................................................................................
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 (iv) NkNy (iii) ,y; fiurYld; Xu; Ijhd NaOH fiuriyr; Nru;f;Fk;NghJ fhzg;gLk; 

mtjhdpg;igf; Fwpg;gpLf. 

    ........................................................................................................................................................... 
  (25 Gs;spfs;)

   (c)  A, B, C, D, E vdg; ngauplg;gl;Ls;s Ie;J Nrhjidf; Foha;fspy; ntz;zpwj; jpz;kq;fs; 

cs;sd. ,it ZnCO3, Ca(NO3)2, NH4NO2, Li2CO3 > NaNO3 (,Nj xOq;fpyd;wp) MFk;. xt;nthU 

Nru;itiaAk; ,dq;fhz;gjw;Fr; nra;j gupNrhjidfSk; cupa mtjhdpg;GfSk; fPNo 

jug;gl;Ls;sd. 

  

Nru;it fLikahd ntg;gkhf;fy; kPjp

A jpz;k kPjp fpilg;gjpy;iy -

B kQ;rs; epwj; jpz;k kPjp + epwkw;w thA  Fspu;r;rpahf;Fk;NghJ nts;is epwkhf khWfpd;wJ.

C ntz;zpwj; jpz;k kPjp + fgpy epw thA  
Ijhd HCl ,y; fiue;J> Rthiyr; Nrhjidf;F 

cl;gLj;Jk;NghJ nrq;fw; rptg;G epwk; 

mtjhdpf;fg;gl;lJ. 

D ntz;zpwj; jpz;k kPjp + epwkw;w thA   
ePupy; fiue;J cz;lhFk; njspthd fiurypy; 

gpNdhj;jyPid ,Lk;NghJ mJ ,sQ;rptg;G 

epwkhfpd;wJ.  

E ntz;zpwj; jpz;k kPjp + epwkw;w thA   Ijhd HCl cld; xU fgpy epw thAitj; jUfpd;wJ.  

 (i) A, B, C, D, E Mfpa Nru;itfis ,dq;fhz;f. 

    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
 (ii) Nkw;Fwpj;j Nru;itfs; xt;nthd;wpdJk; ntg;gg; gpupiff;Fupa rkd;gLj;jpa ,urhadr; 

rkd;ghLfis vOJf. 

    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
    ...........................................................................................................................................................
  (25 Gs;spfs;)

3. (a)  I-(aq) madhdJ %y Clfj;jpy; n`gFNshiuw;W (ClO-(aq)) maDld; jhf;fk; GupAk;NghJ 

gpd;tUkhW i`g mailw;W ^lO-(aq)& Mf xl;rpNaw;wg;gLfpd;wJ.
 

   I-(aq) + ClO-(aq) 
OH-(aq)

  IO-(aq) + Cl-(aq)
  25 °C ,y; Nkw;Fwpj;j jhf;fj;jpd; ,af;ftpay; gw;wpf; fw;gjw;Fj; njhlf;f tPj Kiw 

gad;gLj;jg;gl;lJ. ,q;F IO-(aq) ,yhd Xu; mwpe;j nrwpT khw;wk; Δ[IO-(aq)] ,y; Vw;gLtjw;F 
vLf;Fk; Neuk; msf;fg;gLk;  mNj Ntis mJ gpd;tUk; ml;ltizapy; fhl;lg;gl;Ls;sJ.    

  

gupNrhjid
njhlf;f [I-(aq)] /

mol dm-3  
njhlf;f [ClO-(aq)] /

mol dm-3 
Δ[IO-(aq)] /  

mol dm-3 
Neuk; $ (s) njhlf;f tPjk; /

mol dm-3 s-1

1 0.010 0.020 0.015 100 ...........................
2 0.030 0.020 0.090 200 ...........................
3 0.010 0.080 0.180 300 ...........................

 (i) xt;nthU gupNrhjidapYk; njhlf;f tPjq;fisf; fzpj;J cupa epuypy; epug;Gf.
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 (ii) a kw;Wk; b Mfpatw;iw KiwNa I-(aq), OCl-(aq) Mfpatw;iwf; Fwpj;Jj; jhf;fj;jpd; 

tupirfshfTk; k I 25 °C ,y; jhf;fj;jpd; tPj khwpypahftk; vLj;J a, b, k Mfpatw;wpd; 

ngWkhdq;fisf; fzpf;f.  

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

 (iii) jhf;fj;jpd; tPj tpjpia vOJf. 

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

 (iv) NtnwhU gupNrhjidapy; [I-(aq)] ,d; nrwpit khwpypahf itj;J [ClO-(aq)] ,d; nrwpit khw;wpj;  
jhf;fj;jpd; tPjq;fs; msf;fg;gl;ld. mj;jifa xU gupNrhjidia Xu; Cf;fpAlDk; Cf;fp 

,y;yhkYk; NtW Ntwhfr; nra;jhy; [ClO-(aq)] ,d; nrwpTf;Nfw;gj; jhf;fj;jpd; tPjk; khWk; 
tpjj;ij xU tiugpd; %yk; xg;gpLf. 

                    (60 Gs;spfs;)

 (b)  (i) ,uNthw;wpd; tpjpf;Fupa xU fzpjf; Nfhitia vOJf. mjpy; cs;s cWg;Gfis 

tiuaWf;f.

    ........................................................................................................................................................... 
    ...........................................................................................................................................................
     ........................................................................................................................................................... 
    ........................................................................................................................................................... 
    ...........................................................................................................................................................
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  (ii) 50 °C ,y; jput n`f;Nrd; (C6H14) ,d; 43 g MdJ jput ngd;rPd; (C6H6) ,d; 39 g cld; 

fyf;fg;gLfpd;wJ. 50 °C ,y; J}a n`f;NrdpdJk; ngd;rPdpdJk; epuk;gyhtp mKf;fq;fs; 

KiwNa 75 k Pa, 50 kPa MFk;. 50 °C ,y; fyitapd; nkhj;j Mtp mKf;fj;ijf; fzpf;f.

   (C = 12, H = 1) 
    ........................................................................................................................................................... 
    ...........................................................................................................................................................
     ........................................................................................................................................................... 
    ........................................................................................................................................................... 
    ...........................................................................................................................................................
     ........................................................................................................................................................... 
    ........................................................................................................................................................... 
    ...........................................................................................................................................................
    ........................................................................................................................................................... 
    ...........................................................................................................................................................

  (iii) Nkw;Fwpj;j fzpg;gpy; Nkw;nfhs;sg;gLk; vLNfhs;fisf; Fwpg;gpLf. 

    ........................................................................................................................................................... 
    ...........................................................................................................................................................
  (40 Gs;spfs;)

4. (a)  A, B, C kw;Wk; D Mfpad %yf;$w;Wr; #j;jpuk; C4H9Br If; nfhz;l rkgFjpaq;fs; cs;s ehd;F 

Nru;itfshFk;. A khj;jpuk; xspapay; rkgFjpr;Nru;itf; fhl;Lfpd;wJ. B, D Mfpatw;wpd; fhgd; 

fl;likg;Gfs; xj;jdthf ,Uf;Fk; mNj Ntis mit A ,d; fl;likg;gpypUe;J NtWgLfpd;wd. 
D ,d; ePu;ePf;FGNuhkPNdw;wj;ijj; njhlu;e;J mjDld; HBr Ir; Nru;f;Fk;NghJ B fpilf;fpd;wJ.   
 

 (i) A, B, C, D Mfpatw;wpd; fl;likg;Gfisf; fPNo jug;gl;Ls;s fl;lq;fspDs; tiuf. 
  

  

A

 

B

  

C

 

D

  

 (ii) B MdJ ePu;ka NaOH cld; ,Ugbfspy; jhf;fk; GupAk; mNj Ntis C MdJ ePu; NaOH 
cld; xU gbapy; jhf;fk; Gupe;J %yf;$w;Wr; #j;jpuk; C4H10O I cila Nru;itfisj; 

jUfpd;wJ.  

  I.   B, C Mfpatw;wpdhy; ePu; NaOH cld; cz;lhf;fg;gLk; X, Y vd;Dk; tpisnghUs;fspd;  

    fl;likg;Gfis tiuf.

    B        ePu;ka NaOH   X  :
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    C        ePu;ka NaOH   Y  :

  II.    NkNy B, C Mfpatw;wpy; eilngWk; jhf;fq;fspd; tif/ tiffs; gpd;tUk; tiffspy; 
    ahJ/ ahit?   
   ̂,yj;jpudhl;lf; $l;ly; AE" ,yj;jpudhl;lg; gpujpaPL SE" fUehl;lg; gpujpaPL SN" fUehl;lf; 

$l;ly; AN, ePf;fy; jhf;fk; E&

   B      C   

 (iii) NkNy cz;lhFk; X, Y Mfpatw;iw xd;wpypUe;njhd;W NtWgLj;jp ,dq;fhz;gjw;Fg; 

gad;gLj;jj;jf;f Xu; vspa gupNrhjidia mjd; mtjhdpg;GfSld; fhl;Lf.

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

(40 Gs;spfs;)

  (b)  gpd;tUk; jhf;fq;fspy; cz;lhFk; gpujhd tpisnghUspd; fl;likg;igf; fPNo cupa fl;lq;fspDs; 

tiuf.

 (i) CH3 CH2  C  Br

CH2 CH3

CH2 CH3

  
mw;fNfhy;Nru; KOH 

    

 (ii) 
OH

CH2  C  CH3

H
 
nrwpe;j H2SO4     

 (iii) CH3  C  CH2  C  O  CH3

O O

   

(i)  kpif 
Mg Br

 
   (cyu; <ju;)

(ii)  H2O
    

 (iv) CH3CH2  C  C  H   
HgSO4/Ijhd H2SO4

60 °C
    

 (v) CH3  C  C  H  
(i)  NaNH2

(ii)  CH3CH2Br     

   
   

(25 Gs;spfs;)
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  (c)  A ,d; Kjd;ik mNuhkw;wpf;F mikd; gpd;tUk; jhf;f xOq;fpw;F cl;gLj;jg;gl;lJ.   

  

C7H9N C7H7N2Cl

CuCN/KCN(A) (B)

NaNO2/Ijhd HCl
0 - 5°C

kpif Cl2
  #upanthsp

C8H7NC8H8O2

C8H5Cl3O2

H3O+

H+/ KMnO4

(C)

(E)

(D)

 COOH

COOH

  

 (i) A, B, C, D, E Mfpatw;wpd; fl;likg;Gfisg; gpd;tUk; fl;lq;fspy; tiuf.
  

  

A

 

B

  

  

C

 

D

  

  

E

 (ii) Nru;it A MdJ CH3  C  CH3

O

 cld; jhf;fk; GupAk;NghJ cz;lhFk; tpisnghUspd; 

fl;likg;ig tiuf.
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 (iii) Nru;it B MdJ NaOH ,Uf;Fk;NghJ gPNdhYld; 0 - 5 °C ,y; cz;lhf;Fk; tpisnghUspd; 

fl;likg;ig tiuf.

    (35 Gs;spfs;)

* *
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gFjp B - fl;Liu

5. (a) 600 K ntg;gepiyapy; Xu; milj;j tpiwg;ghd 5.00 dm3 ghj;jpuj;jpy; N2(g) ,d; 56 g ck; O2(g) ,d;  
 64 g ck; cs;sd. ,r;re;ju;g;gj;jpy; RT = 5.0×103 J mol-1 MFk; (N = 14, O = 16).       

 (i) ghj;jpuj;jpy; cs;s thAf; fyitapd; nkhj;j mKf;fk; ahJ?  
 (ii) Nkw;Fwpj;j thAf; fyitapd; ntg;gepiy 300 K Mff; Fiwf;fg;gl;lJ. ,g;Gjpa epiyikapy; 

N2(g) ,dJk; O2(g) ,dJk; gFjp mKf;fq;fisf; fzpf;f. 300 K ,y; RT = 2.5×103 J mol-1    
 (iii) NtnwhU gupNrhjidapy; 600 K ,y; NO2(g) ,d; 0.16 %y; MdJ Xu; 5.00 dm3 tpiwg;ghd 

nfhs;fyj;jpy; GFj;jg;gl;L> gpd;tUk; rkepiyia mila tplg;gl;lNghJ nfhs;fyj;jpy; 

mKf;fk; 2.0×105 Pa Mf ,Ue;jJ. 
    2NO2(g)  2NO(g) + O2(g)
  600 K ,y; Nkw;Fwpj;j rkepiyf;F KP > KC Mfpatw;iwf; fzpf;f.    
 (iv) 600 K ,y; 1.00 dm3 Md tpiwj;j milj;j nfhs;fyj;jpy; NO2(g) ,d; 0.20 %y;> NO(g) ,d;   

0.10 %y;> O2(g) ,d; 0.05 %y; Mfpad ,lg;gl;L> rkepiyia mila tplg;gl;ld. NkNy (iii) 
,y; KC ,w;fhd ckJ tpiliaf; nfhz;L njhlf;f epiyapy; jhf;f <T (QC) If; fUJtjd; 
%yk; ,r;re;ju;g;gj;jpy; NO2(g), NO(g), O2(g) Mfpatw;wpd; rkepiyr; nrwpTfis mtw;wpd; 

njhlf;fr; nrwpTfSld; xg;gpl;L ($lNth> FiwNth vd) xg;gpl;Lf; $Wf.            
 (v) NtnwhU gupNrhjidapy; 600 K ,y; NO(g) ,d; 0.20 %iyf; nfhz;l 5.00 dm3 fdtsT 

cs;s Xu; milj;j tpiwj;j ghj;jpuj;jpy; O2(g) ,d; 0.20 %y; Nru;f;fg;gl;lJ. Nru;j;j O2(g) 
MdJ nfhs;fyj;jpy; cs;s NO(g) cld; jhf;fk; Gupfpd;wJ.  

  I. nfhs;fyj;jpy; eilngWk; jhf;fj;jpw;fhd rkd;gLj;jpa ,urhadr; rkd;ghl;bid 

vOJf.

  II. Nkw;Fwpj;j jhf;fk; Kw;whf eilngw;wjhff; fUjpf;nfhz;L> nfhs;fyj;jpy; cs;s nkhj;j 

mKf;fj;ijf; fzpf;f. 
  (75 Gs;spfs;)
 (b)  jput n`g;Nud; (heptane) C7H16 MdJ gpd;tUkhW G+uz jfdj;jpw;F cl;gLfpd;wJ.

  ΔH°C  = epakj; jfd ntg;gTs;Siw  
  C7H16(l) + 11O2(g) → 7CO2(g) + 8H2O(l)  ΔH°C  = -4850 kJ mol-1  

 (i) fPNo jug;gl;Ls;s juTfisg; gad;gLj;jp C7H16(l) ,d; epak Mf;f ntg;gTs;Siw ΔH°f I  
 (kJ mol-1) ,w; fzpf;f. 

                ΔH°f / kJ mol-1    
    CO2(g)  -393.5 
    H2O(l)  -285.8          
 (ii) xU Fwpj;j nra;Kiwg; gupNrhjidapy; khztd; xUtd; jhf;fk; 
  HCl(aq) + NaOH(aq) → NaCl(aq) + H2O(l) ,w;F epak eLepiyahf;f ntg;gTs;Siw ΔH°neu I 
  (kJ mol-1) ,y; JzpAkhW mwpTWj;jg;gl;lhd;. ,q;F 1.00 mol dm-3 HCl > 1.00 mol dm-3 NaOH 

fiury;> msitr; rpypd;lu;fs;> gy;ijuPd; fpz;zk;> ntg;gkhdp Mfpad toq;fg;gl;Ls;sd.  
  I. Nkw;Fwpj;j gupNrhjidia ePu; tbtikf;Fk; tpjj;ijAk; mjpy; gad;gLj;Jk; 

vLNfhs;fisAk; tptupf;f. 
  II. ,g;gupNrhjidapy; tpLtpf;fg;gLk; ntg;gk; q If; fzpg;gjw;Fg; ngwg;gl Ntz;ba 

mstPLfs; ahit? 
  III. xU Fwpj;j gupNrhjidapy; 25 °C ,y; cs;s1.00 mol dm-3 HCl fiurypd; 200.00 cm3 ck; 

1.00 mol dm-3 NaOH fiurypd; 200.00 cm3 ck; xU gy;ijuPd; fpz;zj;jpy; fyf;fg;gl;lNghJ 

fyitf; fiurypd; cau;e;jgl;r ntg;gepiy 31.5 °C vdf; fhzg;gl;lJ. jhf;fj;jpd; ΔH°neu 
(kJ mol-1) If; fzpf;f. (ePupd; mlu;j;jp 1.00 g cm-3 vdTk; ePupd; jd;ntg;gf; nfhs;ssT 
 4.2 J g-1 K-1  vdTk; jug;gl;Ls;sJ.)   

	 	 IV. NkNy III ,y; khztd; 2.00 mol dm-3 HCl fiuriyAk; 2.00 mol dm-3 NaOH fiuriyAk; 
rk fdtsTfspy; gad;gLj;jp Nkw;Fwpj;j gupNrhjidiaj; jpUk;gr; nra;jhd;. ,jpy;>   

   (A) q ,d; ngWkhdk; mjpfupf;Fkh? FiwtilAkh? NtWghL ,y;iyah? ckJ 

 tpilf;fhd fhuzj;ijf; Fwpg;gpLf.

   (B) ΔH°neu ,d; ngWkhdk; mjpfupf;Fkh? FiwtilAkh? NtWghL ,y;iyah? ckJ 

 tpilf;fhd fhuzj;ijf; Fwpg;gpLf. 
  V. gupNrhjidapd;NghJ fzprkhd msT ntg;gk; ,of;fg;gl;lnjdpd;> ,J ΔHneu ,d; 

ngWkhdj;ij vq;qdk; ghjpf;Fk;?                                    (75 Gs;spfs;)
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6. (a) 25 °C ,y; ePu;f; fiurypy; Gnwhg;gndhapf; mkpyk; C
2
H

5
COOH(aq) fPNo jug;gl;Ls;sthW 

  madhfpd;wJ. 

   C
2
H

5
COOH(aq) + H

2
O(l)  H

3
O+(aq) + C

2
H

5
COO-(aq)

   25 °C ,y; Ka =  1.00 × 10-5 mol dm-3 vdj; jug;gl;Ls;sJ.          

 (i) mkpyf; $l;lg;gpupT khwpyp Ka ,w;Ff; Nfhitia vOJf.   

 (ii) 25 °C ,y; xU 0.100 mol dm-3 C
2
H

5
COOH(aq) fiurypd; pH If; fzpf;f.   

 (iii) 25 °C ,y; NkNy (ii) ,y; cs;s fiurypy; 25.00 cm3 MdJ xU 0.100 mol dm-3 NaOH fiurYld; 

epakpg;Gr; nra;ag;gl;lJ. 

  I. xU nghUj;jkhd jhf;fj;ijg; gad;gLj;jpr; rktY epiyapy; fiury; mkpykh> %ykh 

vdf; Fwpg;gpLf.

   II. pH ,d; ngWkhdj;ijf; fzpf;f. 
   (25 °C ,y; Kw =1.0 × 10-14 mol2 dm-6)   (60 Gs;spfs;)
     

  (b)   25 °C ,y; Ag
2
CrO

4
 ,d; xU ePu; epuk;gpa fiurypy; gpd;tUk; rkepiy cs;sJ.

   Ag
2
CrO

4
(s)  2Ag+(aq) + CrO

4
2-(aq)  25 °C ,y; Ksp  = 3.2 × 10-13 mol3 dm-9          

 (i) Nkw;Fwpj;j njhFjpapd; fiujpwd; ngUf;f khwpypf;fhd Nfhitia vOJf.  

 (ii) 25 °C ,y; ,e;epuk;gpa fiurypy; cs;s [Ag+(aq)] ,d; nrwpitj; Jzpf.    

 (iii) 25 °C ,y; ePupd; 100.00 cm3 ,y; fiuf;fj;jf;f Ag
2
CrO

4
(s) ,d; cau;e;jgl;rj; jpzpitf; 

fpuhkpy; fzpf;f. (Ag
2
CrO

4
 = 332 g mol-1)         (60 Gs;spfs;)

     

  (c)  ,U fythj fiug;ghd;fspy; xU fiuaj;ijf; fiug;gjd; %yk; cz;lhf;fg;gLk; xU njhFjpapd; 

gq;fPl;Lf; Fzfk; KD Ij; Jzptjpy; gq;fPl;L tpjpiag; gpuNahfpg;gjw;Fj; jpUg;jpahf;fg;glNtz;ba 

epge;jidfisf; Fwpg;gpLf.
   

(30 Gs;spfs;)

7. (a)  V

XSn

1.0 mol dm-3

Sn(NO
3
)

2

1.0 mol dm-3

X(NO
3
)

3

  Nkw;Fwpj;j tupg;glj;jpy; fhl;lg;gl;Ls;sthW Sn IAk; Xu; mwpahj cNyhfkhfpa X IAk; 
kpd;tha;fshfg; gad;gLj;jp 25 °C,y; ,Uf;Fk; xU kpd;dpurhadf; fyk; mikf;fg;gl;lJ. rpwpJ 

fhyj;jpw;F Mspia ,izj;J (ON ,y;) itf;Fk;NghJ Sn kpd;thapd; jpzpT mjpfupj;jJ.  
 (i) fhuzq;fs; je;J mNdhl;ilAk; fNjhl;ilAk; ,dq;fhz;f.   
 (ii) X ,d; xl;rpNaw;w epiyia ,dq;fz;L Nkw;Fwpj;j fyj;jpw;F miuj; jhf;fq;fis vOJf.     
 (iii) ,yj;jpud;fs; ghAk; jpiriaf; fhl;Lf.    
 (iv) 25 °C ,y; E°

Sn2+/Sn
 = -0.14 V. fyj;jpd; kpd;dpaf;f tpir E°

cell
 = +0.60 V vdf; fhzg;gl;lJ.

  E°X 3+/X  ,d; ngWkhdk; ahJ? ckJ tpil NkNy (ii) ,y; ,dq;fhzg;gl;l miuj; 

jhf;fq;fSld; ,irfpd;wjh? 
 (v) fyk; njhopw;gLk;NghJ eilngWk; xl;Lnkhj;jkhd fyj; jhf;fj;ij vOJf. 
 (vi) ,f;fyj;jpy; Sn2+(aq) ,d; 1 %y; nrytplg;gLk;NghJ ,yj;jpud;fspd; vj;jid %y;fs; 

,lkhw;wg;gLk;? 
 (vii) 25 °C ,y; 1 kzpj;jpahyj;jpw;Ff; fyj;jpD}lhf 1.0 A kpd;Ndhl;lk; mDg;gg;gl;lJ. ,q;F Sn 

kpd;thapy; gbAk; Sn ,d; jpzpit ^g ,y;& fzpf;f. 
  (Sn = 119, guNl khwpyp F = 96500 C )    (75 Gs;spfs;)
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  (b) (i)  A, B Mfpad %yf;$w;Wr; #j;jpuk; CoN5H12Br2O2 I cila ,U ,izg;Gr; Nru;itfshFk;. 

,tw;wpy; H mZf;fs; NH3Mf khj;jpuk; ,Uf;fpd;wd. ,U Nru;itfspYk; Nfhghw;W xNu 

xl;rpNaw;w epiyapy; ,Uf;fpd;wJ. Nru;it B khj;jpuk; AgNO3(aq) cld; Xu; ,sk; kQ;rs; 

tPo;gbitj; jUk; mNj Ntis mJ Ijhd NH3 ,y; fiuahjNghjpYk; nrwpe;j NH3 ,y; 
fiufpd;wJ.     

    I. Nkw;Fwpj;j Nru;itfspy; Co ,d; xl;rpNaw;w epiy ahJ?      
    II. NkNy jug;gl;l Co madpd; G+uz ,yj;jpud; epiyaikg;ig vOJf.       
    III. A, B Mfpa ,U Nru;itfspYk; ,ize;j nghJ ,ypfz;Lfis ,dq;fhz;f.   
    IV. fhuzq;fs; je;J A, B Mfpa Nru;itfspd; fl;likg;Gr; #j;jpuq;fis vOJf.     
   V.  Nru;it A ,y; cs;s mdaid ,dq;fhz;gjw;F Xu; ,urhadr; Nrhjidiaj; jUf.

  (25 Gs;spfs;)

(c)     ,t;tpdh xU ePu; khjpupapy; fiue;j xl;rprd; cs;slf;fj;ijj; Jzptjw;fhf Xu; ,urhad 

Ma;T$lj;jpy; epiwNtw;wg;gl;l xU gupNrhjidia mbg;gilahff; nfhz;lJ. Xu; mk;gu; epwg; 

Nghj;jypy; Nrhjpf;fg;gl Ntz;ba ePu; khjpup epug;gg;gl;L> cldbahf xU nrhl;LfUtpiag; 

gad;gLj;jpf; fhu KI> MnSO4 fiury;fs; rpwpa msTfspy; Nru;f;fg;gl;ld. Nghj;jiy ed;whf 

%b> fye;J> nrwpe;j H2SO4 fiurypy; rpwpjsT Nru;f;fg;gl;lJ. jhf;fq;fs; G+uzkhf Kbtile;j 

gpd;du; fiurypypUe;J 50.0 cm3  xU epakpg;Gf; FLitapy; vLf;fg;gl;L> 0.02 mol dm-3 Na2S2O3 
fiurYld; epakpg;Gr; nra;ag;gl;lJ.        

 (i) ,g;gupNrhjidapy; Xu; mk;gu; epwg; Nghj;jiyg; gad;gLj;Jtjw;fhd fhuzj;ij tpsf;Ff. 
 (ii) ,q;F gad;gLj;jg;gLk; KI fiury; Vd; fhuf; fiuryhf ,Uf;f Ntz;Lk; vd;gij tpsf;Ff.

 (iii) ,q;F gad;gLj;jg;gLk; H2SO4 mkpyk; Vd; nrwpe;jjhf ,Uf;f Ntz;Lk;?         
 (iv) epakpg;gpy; gad;gLj;jg;gLk; fhl;b ahJ? ,f;fhl;b nghJthf epakpg;gpd; njhlf;fj;jpyd;wp 

KbT epiyf;F mz;ikapy; Nru;f;fg;gLk;. ,jw;Fupa fhuzj;ij tpsf;Ff.   
 (v) ePu; khjpupapy; fiue;Js;s xl;rprDld; jhf;fk; GupAk; ,urhad ,dj;ij ,dq;fz;L> 

rkd;gLj;jpa mad; rkd;ghl;bid vOJf.   
 (vi) ,q;F eilngWk; Vida vy;yhj; jhf;fq;fSf;Fk; rkd;gLj;jpa mad; rkd;ghLfis 

vOJf.   
 (vii) epakpg;gpy; fpilj;j mstp thrpg;G 20.0 cm3 vdpd;> ePupw; fiue;j xl;rprdpd; cs;slf;fj;ij 

mol dm-3 ,Yk; ppm ,Yk; fzpf;f. fiurypd; mlu;j;jp 1.0 g cm-3  MFk; ^O = 16&' 
  (50 Gs;spfs;) 

  gFjp C - fl;Liu

8. (a) fPNo jug;gl;Ls;s A, B vd;Dk; Nrjdr; Nru;itfisf; fUJf. 

   A

C  O  CH  CH2CH3

CH3

O

        

CH3  C  CH2  CH3

B

OH

CH2

 Nru;it A I vq;qdk; Nru;it B Mf khw;wyhnkdf; fhl;Lf. ckJ khw;wy; vl;Lg; gbKiwfSf;F 

Nkw;glhjjhf ,Uf;Fk; mNj Ntis NtW Nrjdr; Nru;itiar; Nrhjidg; nghUshfg; 

gad;gLj;jyhfhJ. 
  (50 Gs;spfs;)

 (b) gpd;tUk; khw;wy; MWf;F Nkw;glhj gbKiwfspy; eilngWk; tpjj;ijf; fhl;Lf.

 CH3  C  C  H  →    CH3  CH2   C  C  C  H
CH3

OH H O

H
                    (30 Gs;spfs;)
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 (c)  fPNo jug;gl;Ls;s E, F, G, H vd;Dk; Nru;itfisf; fUJf. 

    E CH3  C  NH2

O

    F CH3  C  Cl

O

 

   G CH3CH2Cl    H CH3CH2NH2

 (i) Nru;it CH3  C  NH  

O

 CH2 CH3 Ij; jahupg;gjw;Fj; jhf;fpr; Nrhb E, G I my;yJ F, H Ig; 
gad;gLj;j KbAkh vdf; Fwpg;gpLf.

 (ii) ePu; xU Fwpj;j jhf;fpr; Nrhbiaj; njupe;njLg;gjw;Fk; kw;iwa jhf;fpr; Nrhbiaj; 

njupe;njLf;fhikf;Fkhd fhuzq;fisf; Fwpg;gpLf.      
 (iii) NkNy G ,w;Fk; H ,w;FkpilNa cs;s jhf;fj;jpypUe;J fpilf;Fk; tpisnghUs;fspd; 

fl;likg;Gfis tiuf.

  (40 Gs;spfs;)

 (d)  (i) CH2  CH2 ,w;Fk; Br2/CCl4 ,w;FkpilNa cs;s jhf;fj;jpy; cz;lhFk; ,il Neu; madpd; 

fl;likg;ig tiuf. 
  (ii) Nkw;Fwpj;j jhf;fj;ij ePu; Clfj;jpy; epiwNtw;Wk;NghJ Br  CH2  CH2  OH xU 

tpisnghUshf cz;lhfpd;wJ. H2O %yf;$W xU fUehbahfj; njhopw;glyhnkdf; 

fUJtjd; %yk; ,jw;F xU nghwpEl;gj;ijj; njuptpf;f.     
(30 Gs;spfs;)

9. (a) A vd;gJ xU epwj; jpz;kkhFk;. mjDld; Ijhd H2SO4 mkpyj;ijr; Nru;f;Fk;NghJ xU epwkw;w 

thA B ck; fiury; C ck; cz;lhfpd;wd. fiury; C cld; Ijhd NH3 (aq) Ir; Nru;f;Fk;NghJ 
Kjypy; tPo;gbT D cz;lhfpd;wJ. Nkyjpf ePu; NH3 Ir; Nru;f;Fk;NghJ mt;tPo;gbT fiue;J 

xU fUk; ePyf; fiury; E cz;lhfpd;wJ. fiury; C cld; Ijhd HCl Ir; Nru;j;J H2S If; 
Fkpopapl;Lr; nry;YkhW mDg;Gk;NghJ tPo;gbT cz;lhtjpy;iy. thA B I mkpy K2Cr2O7 ,D}

lhff; Fkpopapl;Lr; nry;YkhW mDg;Gk;NghJ xU gr;ir epwf; fyq;fw; fiury; cz;lhfpd;wJ.    
 (i) A, B, C, D, E Mfpatw;wpd; ,urhadr; #j;jpuq;fis vOJf.

 (ii) A + H2SO4 vd;Dk; jhf;fj;jpw;fhd rkd;gLj;jpa ,urhadr; rkd;ghl;il vOJf.

 (iii) B + K2Cr2O7 vd;Dk; jhf;fj;jpw;fhf miu mad; rkd;ghLfisg; gad;gLj;jpr; rkd;gLj;jpa 

,urhadr; rkd;ghl;il vOJf.          
(30 Gs;spfs;)

 (b) R vd;gJ ePupy; ed;whff; fiuAk; cau; nfhjpepiyAk; (1304 °C) cau; cUFepiyAk; (661 °C) cs;s 

xU ntz;zpwg; gspq;FUr; Nru;itahFk;. R ,d; xU ePu;f; fiuriyg; gad;gLj;jp epiwNtw;wg;gl;l 
NrhjidfSk; mtw;wpd; mtjhdpg;GfSk; gpd;tUk; ml;ltizapy; jug;gl;Ls;sd. 

   

  

gupNrhjid mtjhdpg;G

1. mkpy KIO3 fiuriyr; Nru;j;jy; fgpy epwf; fiury;

2. xU ePu; Cu(NO3)2 fiuriyr; Nru;j;jy;  
S vdg; ngauplg;gl;l nrq;fgpyf; fyq;fw; 
fiury; 

3. fiury; S cld; Xu; Na2S2O3 fiuriyr; Nru;j;jy;
nrq; fgpy epwk; kiwe;J ntz;zpw 

tPo;gbT cz;lhjy;

4. jpz;k R cld; Rthiyr; Nrhjidiar; 

nra;jy;  
kQ;rs; epwr; Rthiy cz;lhjy;

 (i) R I ,dq;fhz;f. 
 (ii) 1, 2, 3 Mfpa Nkw;Fwpj;j NrhjidfSf;Fr; rkd;gLj;jpa ,urhadr; rkd;ghLfis vOJf.

 (iii) jpz;k R ,w;F cau; nfhjpepiyAk; cUFepiyAk; ,Ug;gjw;fhd fhuzq;fisr; RUf;fkhf 

tpsf;Ff.  (30 Gs;spfs;)
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 (c) Fe, Cr, Ni vd;Dk; cNyhfq;fs; khj;jpuk; mlq;fpAs;s xU fyg;GNyhfj;jpd; 10.0 g MdJ Ijhd 
HNO3 cld; ntg;gkhf;fg;gl;lJ. mg;NghJ fyg;GNyhfj;jpy; cs;s cNyhfq;fs; fiue;J 

KiwNa Fe3+, Cr3+ > Ni2+ Mfpad fpilj;jd. ,f;fiury; mjd; nkhj;jf; fdtsT 250.00 cm3 MFk; 

tiuf;Fk; fha;r;rp tbj;j ePiur; Nru;j;J Ijhf;fg;gl;lJ. Ijhf;fpa fiurypy; 25.00 cm3 rupahf 
msf;fg;gl;L kpifahd NaOH clDk; H2O2 clDk; gupfupf;fg;gl;lJ. ,t;thW fpilf;Fk; tPo;gbT 

P tbfl;lg;gl;L> NtWgLj;jg;gl;l kQ;rs; epw tbjputk; Q MdJ Ijhd H2SO4 mkpyj;Jld; 

mkpykhf;fg;gl;L Xu; 1.0 mol dm-3 Fe3+ fiurYld; epakpg;Gr; nra;ag;gl;lJ. ,e;epakpg;gpy; KbT 

epiy fpilj;j mstp thrpg;G 30.00 cm3 Mf ,Ue;jJ.         
  (i) Nkw;Fwpj;j tbjputk; Q ,d; kQ;rs; epwj;jpw;Ff; fhuzkhd ,urhad ,djijg; ngaupLf.

  (ii) tbjputk; Q ,y; cs;s fw;wadpd; jhf;fj;Jf;Fupa rkd;gLj;jpa mad; rkd;ghl;il vOJf.      
  (iii) NkNy tbjputk; Q I mkpykhf;Fk;NghJ fpilf;Fk; fiurypd; epwj;ijAk; me;epwj;jpw;Ff; 

fhuzkhd ,urhad ,dj;ijAk; Fwpg;gpLf.      
  (iv) NkNy (iii) ,y; Fwpg;gpl;l ,urhad ,dj;jpw;Fk; mkpy Clfj;jpy; cs;s Fe2+ ,w;FkpilNa 

eilngWk; jhf;fj;jpw;fhd rkd;gLj;jpa mad; rkd;ghl;il vOJf.     
  (v) fyg;GNyhfj;jpy; NkNy (ii) ,y; jug;gl;l cNyhfj;jpd; jpzpTr; rjtPjj;ijf; fzpf;f.     
  (vi) Nkw;Fwpj;j tPo;gbT P MdJ Ijhd H2SO4 ,y; Kw;whff; fiuf;fg;gl;L kpifahd KI 

Nru;f;fg;gl;lJ. ,q;F ntsptUk; I2 cld; Kw;whfj; jhf;fk; Guptjw;Fr; nrytplg;gLk; 
0.20 mol dm-3 Na2S2O3 ,d; fdtsT 20.00 cm3 MFk;. ,q;F eilngWk; vy;yhj; 

jhf;fq;fSf;Fkhd rkd;gLj;jpa ,urhadr; rkd;ghLfis vOJf.      
  (vii) fyg;GNyhfj;jpy; vQ;rpAs;s ,U cNyhfq;fspdJk; jpzpTr; rjtPjq;fis NtWNtwhff; 

fzpf;f.      
  (viii) Nkw;Fwpj;j gupNrhjidapy; fpilj;j xU fiuriy / tPo;gbitg; gad;gLj;jpf; fyg;GNyhfj;jpy; 

Ni cNyhfk; ,Ug;gij vq;qdk; cWjpg;gLtPu;?   (90 Gs;spfs;)

10.(a) N`gu; Kiwiag; gad;gLj;jp mNkhdpahit cw;gj;jp nra;jy; xU gpujhd ,urhadf; 

ifj;njhopyhFk;.

  (i) N`gu; Kiwapy; gad;gLj;jg;gLk; gpujhd %yg;nghUs;fisf; Fwpg;gpLf. 
  (ii) ,q;F eilngWk; jhf;fj;jpw;fhd rkd;gLj;jpa ,urhadr; rkd;ghl;il cfe;j epiyikfSld; 

vOJf.    
  (iii) ,f;ifj;njhopypy; cj;jk epiyikfs; gad;gLj;jg;gl;lhYk; gad;gLj;jpa %yg;nghUs;fs; 

jhf;ff; nfhs;fyj;jpy; Kw;whf NH3 Mf khw;wg;gLtjpy;iy. fhuzq;fisj; jUf. 
     (iv) mNkhdpah cw;gj;jpapy; jhf;fk; Gupahj %yg;nghUs;fs; vq;qdk; gaDWjptha;e;j tpjj;jpy; 

gad;gLj;jg;gLfpd;wd?

  (v) ntg;gepiy mjpfupf;Fk;NghJ NH3 ,d; cw;gj;jp Fiwfpd;wJ. jhf;fj;jpw;F cupa 

ntg;gTs;Siw khw;wk;> ve;jpug;gp khw;wk;> fpg;]; rf;jp khw;wk; Mfpatw;iwg; gad;gLj;jp 

,jid tpsf;Ff. 

  (vi) ,r;nrad;Kiwf;Fj; Njitahd rf;jpiag; gpwg;gpg;gjw;Fg; gad;gLj;jj;jf;f xU GJg;gpf;fj;jf;f 

%yj;ijf; Fwpg;gpLf. mjd; xU Rw;whly; mD$yj;ijf; $Wf.

  (vii) tskhf;fp cw;gj;jpiaj; jtpu NH3 ,d; NtnwhU gaidf; Fwpg;gpLf.           
(50 Gs;spfs;)

    
   (b) gy;NtW ifj;njhopy;fspypUe;J tspkz;lyj;Jld; NrUk; rpy ntspg;gha;T thAf;fs; mkpy 

kio cz;lhtjpy; gq;fspg;Gr; nra;fpd;wd. 
 (i) mkpy kio cz;lhtjpy; gq;fspg;Gr; nra;Ak; ,U thAf;fisf; Fwpg;gpLf.

 (ii) NkNy (i) ,w; Fwpg;gpl;l ,U thAf;fSk; mkpy kio cz;lhtjpy; gq;fspg;Gr; nra;Ak; 

tpjj;ijr; rkd;gLj;jpa ,urhadr; rkd;ghLfisg; gad;gLj;jp tpsf;Ff.

 (iii) mkpy kiof;Fg; gq;fspg;Gr; nra;Ak; ,U ifj;njhopy;fis ,dq;fhz;f.

 (iv) NkNy (i) ,w; Fwpg;gpl;l thAf;fs; ,f;ifj;njhopy;fspd; %yk; tspkz;lyj;Jld; NrUk; 

tpjj;ijr; RUf;fkhf tpsf;Ff.

 (v) mkpy kio fhuzkhf kz;zpy; vw;gLk; ,U tpisTfis vOJf.            (50 Gs;spfs;)
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   (c) ,aw;if ,wg;giug; gad;gLj;jp tu;j;jfuPjpapy; ngWkjpkpf;f gy nghUs;fs; nra;ag;gLfpd;wd. 

  (i) ,aw;if ,wg;gu; %yf;$wpd; kwpjUk; (repeating) myif tiuf.

  (ii) rpy cw;gj;jpr; nrad;Kiwfspy; ,aw;if ,wg;gupd; kPs;jd;ik fl;Lg;gLj;jg;gl Ntz;Lk;.

  I. mr;nrad;Kiwiaf; Fwpg;gpLf. 

  II. mr;nrad;Kiwapy; Kf;fpakhf ,wg;gUf;F Nkyjpfkhfr; Nru;f;fg;gLk; gpujhd ,urhadr; 

Nrhjidg; nghUisf; Fwpg;gpLf. 

  III. mr;nrad;Kiwapy; ,wg;gupd; fl;likg;gpy; Vw;gLk; khw;wk; ahJ? 

  IV. kPs;jd;ikiaf; fl;Lg;gLj;Jtjw;F Nkyjpfkhf Nkw;Fwpj;j cw;gj;jpapd; tpisnghUshf 

,Uf;fj;jf;f NtW ,U nghwpKiw ,ay;Gfisf; Fwpg;gpLf.

  (iii) NkNy (ii) I ,y; Fwpg;gpl;l nrad;Kiw nghypg;Gnwhg;gpyPdpw;F Vd; cfe;jjd;W vd;gij 

tpsf;Ff.

  (iv)  ,aw;if ,wg;gu; ghiyj; Njf;fpitf;Fk; epiyaj;jpypUe;J ntspNaWk; (ntspg;gha;T) ePupy; 
,Uf;fj;jf;f ,U khRgLj;jpfisf; Fwpg;gpLf.            

(50 Gs;spfs;)

* * *
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               fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;

 (07) fzpjk;

tpdhj;jhs; fl;likg;G

tpdhj;jhs; I -  Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplq;fs;)

  ,t;tpdhj;jhs; ,U gFjpfisf; nfhz;Ls;sJ.

  gFjp A  :  gj;J tpdhf;fs;. vy;yh tpdhf;fSf;Fk; tpil vOj Ntz;Lk;.  

   xt;nthU tpdhTf;Fk; 25 Gs;spfs; tPjk; 250 Gs;spfs;.

  gFjp B  :  VO tpdhf;fs;. Ie;J tpdhf;fSf;F tpil vOj Ntz;Lk;. 

     xt;nthU tpdhTf;Fk; 150 Gs;spfs; tPjk; 750 Gs;spfs;.

  tpdhj;jhs; I ,w;F nkhj;jg; Gs;spfs; =  1000

tpdhj;jhs; II -  Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplq;fs;;)
  ,t;tpdhj;jhs; ,U gFjpfisf; nfhz;Ls;sJ.

  gFjp A  :  gj;J tpdhf;fs;. vy;yh tpdhf;fSf;Fk; tpil vOj Ntz;Lk;.  

   xt;nthU tpdhTf;Fk; 25 Gs;spfs; tPjk; 250 Gs;spfs;.
  gFjp B  :  VO tpdhf;fs;. Ie;J tpdhf;fSf;F tpil vOj Ntz;Lk;. 

     xt;nthU tpdhTf;Fk; 150 Gs;spfs; tPjk; 750 Gs;spfs;.

  tpdhj;jhs; II ,w;F nkhj;jg; Gs;spfs; =  1000

,Wjpg; Gs;spfisf; fzpj;jy; (   tpdhj;jhs; I    =  1000 
  tpdhj;jhs; II     =     1000
             ,Wjpg; Gs;sp       =       2000 ÷ 20  = 100 
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               fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;

(07) fzpjk; 
tpdhj;jhs; I

  gFjp A

1. A ={x ∈ 
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Paper 1 – Part A 
 
1. Let 𝐴𝐴𝐴𝐴 𝐴 𝐴𝐴𝐴𝐴𝐴 𝐴 𝐴 𝐴 𝐴 |𝑥𝑥𝑥𝑥 𝑥 𝑥| < 2} and 𝐵𝐵𝐵𝐵 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵      |𝑥𝑥𝑥𝑥| ≥ 4} be subsets of the universal 

set ℝ. Find 𝐴𝐴𝐴𝐴 𝐴 𝐴𝐴𝐴𝐴 and 𝐴𝐴𝐴𝐴′ ∩ 𝐵𝐵𝐵𝐵.  
 
2. Let 𝐴𝐴𝐴𝐴 and 𝐵𝐵𝐵𝐵 be subsets of a universal set S. The set A\B is defined, in the usual notation, by 

A\B = A ∩ B′.  
 Show that, A ∖ (B ∪ C) = (A ∖ B) ∩ (A ∖ C) and A ∖ (B ∩ C) = (A ∖ B) ∪ (A ∖ C). 
 
3. Let 𝑝𝑝𝑝𝑝 and 𝑞𝑞𝑞𝑞 be propositions. Show that the compound propositions ¬(𝑝𝑝𝑝𝑝 𝑝 (¬𝑝𝑝𝑝𝑝 𝑝 𝑝𝑝𝑝𝑝)) 

and ¬𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 are logically equivalent.  
 
4. Find the truth value of the expression ∀𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥𝑥2 ≥ 𝑥𝑥𝑥𝑥𝑥 if the universal set is  
 (a)  ℝ      (b)  ℤ   
 
5. Solve the simultaneous equations 𝑦𝑦𝑦𝑦 𝑦 1

3
log2 𝑥𝑥𝑥𝑥𝑥  𝑥 and 82𝑦𝑦𝑦𝑦𝑦𝑦 − 2(𝑥𝑥𝑥𝑥𝑥𝑥  ) =0  for 𝑥𝑥𝑥𝑥 and 

𝑦𝑦𝑦𝑦.  
  
6.  Find the set of all values of 𝑥𝑥𝑥𝑥 which satisfy the inequality 𝑥𝑥𝑥𝑥𝑥  4

𝑥𝑥𝑥𝑥
≤ 3. 

 
7. Let 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥) = √𝑥𝑥𝑥𝑥 𝑥 𝑥 𝑥 𝑥 be a function defined on [−3,∞). Find the range of the function 

𝑓𝑓𝑓𝑓 and show that 𝑓𝑓𝑓𝑓 is one-to-one. Find 𝑓𝑓𝑓𝑓−1(𝑥𝑥𝑥𝑥𝑥. 
  
8. The line ℓ has gradient −3 and passes through the point 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴. 𝐵𝐵𝐵𝐵 is a point on the line 

ℓ such that the distance 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 is 3√10. Find the possible coordinates for the point 𝐵𝐵𝐵𝐵𝐵  
 

9. Find the points at which the tangents to the parametric curve given by = 2𝑡𝑡𝑡𝑡3 , 𝑦𝑦𝑦𝑦 𝑦
2 − 4𝑡𝑡𝑡𝑡 𝑡 𝑡𝑡𝑡𝑡2 has a slope of -1. 

10. Find the area of the region bounded by the curves 𝑦𝑦𝑦𝑦 𝑦𝑦𝑦𝑦𝑦 2 and 𝑦𝑦𝑦𝑦 𝑦 |𝑥𝑥𝑥𝑥|. 
 
 
 
Paper 1 – Part B 
 
1. (a) A class of 50 students sat for an examination in Mathematics, Physics and 

Chemistry. Out of 50 students, 37, 24 and 43 students passed Mathematics, 
Physics and Chemistry respectively. Further, it is given that at most 19 students 
passed Mathematics and Physics, at most 29 passed Mathematics and Chemistry 
and at most 20 passed Physics and Chemistry. Find the largest possible number of 
students that could have passed all three subjects. 

  
 (b) Determine whether each of the following compound proposition is a tautology 

or a contradiction: 

  (i) [~𝑝𝑝𝑝𝑝 𝑝 (𝑝𝑝𝑝𝑝 𝑝 𝑝𝑝𝑝𝑝)] → 𝑞𝑞𝑞𝑞 (ii) (𝑝𝑝𝑝𝑝 𝑝 𝑝𝑝𝑝𝑝) ∧ [∼ (𝑝𝑝𝑝𝑝 𝑝 𝑝𝑝𝑝𝑝)] 

 : | x + 3 | < 2 } >  B = {x ∈ 
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Paper	
  1	
  –	
  Part	
  A	
  
	
  
1.	
   Let	
  𝐴𝐴𝐴𝐴 = {𝑥𝑥𝑥𝑥 ∈ ℝ ∶    𝑥𝑥𝑥𝑥 + 3 < 2}	
  and	
  𝐵𝐵𝐵𝐵 = {𝑥𝑥𝑥𝑥 ∈ ℝ ∶    𝑥𝑥𝑥𝑥 ≥ 4}	
  be	
  subsets	
  of	
  the	
  universal	
  

set	
  ℝ.	
  Find	
  𝐴𝐴𝐴𝐴 ∩ 𝐵𝐵𝐵𝐵	
  and	
  𝐴𝐴𝐴𝐴! ∩ 𝐵𝐵𝐵𝐵.	
  	
  
	
  
2.	
   Let	
  𝐴𝐴𝐴𝐴	
  and	
  𝐵𝐵𝐵𝐵	
  be	
  subsets	
  of	
  a	
  universal	
  set	
  S.	
  The	
  set	
  A\B	
  is	
  defined,	
  in	
  the	
  usual	
  notation,	
  by	
  

A\B = A ∩ B!.	
  	
  
	
   Show	
  that,	
  A ∖ B ∪ C = A ∖ B ∩ A ∖ C 	
  and	
  A ∖ B ∩ C = A ∖ B ∪ A ∖ C .	
  
	
  
3.	
   Let	
  𝑝𝑝𝑝𝑝	
  and	
  𝑞𝑞𝑞𝑞	
  be	
  propositions.	
  Show	
  that	
  the	
  compound	
  propositions	
  ¬(𝑝𝑝𝑝𝑝 ∨ ¬𝑝𝑝𝑝𝑝 ∧ 𝑞𝑞𝑞𝑞 )	
  

and	
  ¬𝑝𝑝𝑝𝑝⋀¬𝑞𝑞𝑞𝑞	
  are	
  logically	
  equivalent.	
  	
  
	
  
4. Find	
  the	
  truth	
  value	
  of	
  the	
  expression	
  ∀𝑥𝑥𝑥𝑥  (𝑥𝑥𝑥𝑥! ≥ 𝑥𝑥𝑥𝑥)	
  if	
  the	
  universal	
  set	
  is	
  	
  
	
   (a)	
  	
   ℝ	
  	
  	
  	
  	
  	
   (b)	
  	
   ℤ	
   	
   	
  
	
  
5. Solve	
   the	
   simultaneous	
   equations	
  𝑦𝑦𝑦𝑦 − !

! log! 𝑥𝑥𝑥𝑥 = 0	
   and	
  8!!!! − 2 𝑥𝑥𝑥𝑥 − 4 = 0	
   for	
   𝑥𝑥𝑥𝑥	
  
and	
  𝑦𝑦𝑦𝑦.	
   	
  

	
  	
  
6.	
  	
   Find	
  the	
  set	
  of	
  all	
  values	
  of	
  𝑥𝑥𝑥𝑥	
  which	
  satisfy	
  the	
  inequality	
  𝑥𝑥𝑥𝑥 − !

! ≤ 3.	
  
	
  
7.	
   Let	
   𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 = 𝑥𝑥𝑥𝑥 + 3− 5	
   be	
   a	
   function	
   defined	
   on	
   [−3, ∞).	
   Find	
   the	
   range	
   of	
   the	
  

function	
  𝑓𝑓𝑓𝑓	
  and	
  show	
  that	
  𝑓𝑓𝑓𝑓	
  is	
  one-­‐to-­‐one.	
  Find	
  𝑓𝑓𝑓𝑓!!(𝑥𝑥𝑥𝑥).	
  
	
   	
  
8.	
   The	
  line	
   	
  has	
  gradient	
  −3	
  and	
  passes	
  through	
  the	
  point	
  𝐴𝐴𝐴𝐴(2,1).	
  𝐵𝐵𝐵𝐵	
   is	
  a	
  point	
  on	
  the	
  

line	
   	
  such	
  that	
  the	
  distance	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  is	
  3 10.  Find	
  the	
  possible	
  coordinates	
  for	
  the	
  point	
  𝐵𝐵𝐵𝐵.	
  	
  
	
  

9.	
   Find	
   the	
   points	
   at	
   which	
   the	
   tangents	
   to	
   the	
   parametric	
   curve	
   given	
   by	
   = 2𝑡𝑡𝑡𝑡!	
   ,	
  
𝑦𝑦𝑦𝑦 = 2− 4𝑡𝑡𝑡𝑡 + 𝑡𝑡𝑡𝑡!	
  has	
  a	
  slope	
  of	
  -­‐1.	
  

10.	
   Find	
  the	
  area	
  of	
  the	
  region	
  bounded	
  by	
  the	
  curves	
  𝑦𝑦𝑦𝑦 = 𝑥𝑥𝑥𝑥!	
  and	
  𝑦𝑦𝑦𝑦 = 𝑥𝑥𝑥𝑥 .	
  
	
  
	
  
	
  
Paper	
  1	
  –	
  Part	
  B	
  
	
  
1.	
   (a)	
   A	
   class	
   of	
   50	
   students	
   sat	
   for	
   an	
   examination	
   in	
   Mathematics,	
   Physics	
   and	
  

Chemistry.	
   Out	
   of	
   50	
   students,	
   37,	
   24	
   and	
   43	
   students	
   passed	
   Mathematics,	
  
Physics	
  and	
  Chemistry	
  respectively.	
  Further,	
  it	
  is	
  given	
  that	
  at	
  most	
  19	
  students	
  
passed	
  Mathematics	
  and	
  Physics,	
  at	
  most	
  29	
  passed	
  Mathematics	
  and	
  Chemistry	
  
and	
  at	
  most	
  20	
  passed	
  Physics	
  and	
  Chemistry.	
  Find	
  the	
  largest	
  possible	
  number	
  
of	
  students	
  that	
  could	
  have	
  passed	
  all	
  three	
  subjects.	
  

	
   	
  
	
   (b)	
   Determine	
  whether	
  each	
  of	
  the	
  following	
  compound	
  proposition	
  is	
  a	
  tautology	
  

or	
  a	
  contradiction:	
  

	
   	
   (i)	
   [~𝑝𝑝𝑝𝑝 ∧ 𝑝𝑝𝑝𝑝 ∨ 𝑞𝑞𝑞𝑞 ] → 𝑞𝑞𝑞𝑞	
   (ii)	
   𝑝𝑝𝑝𝑝 ∧ 𝑞𝑞𝑞𝑞 ∧ [∼ 𝑝𝑝𝑝𝑝 ∨ 𝑞𝑞𝑞𝑞 ]	
  

 ,d; njhilg;gphpTfnsdf; 
 nfhs;Nthk;' A ∩ B> A  ∩ B Mfpatw;iwf; fhz;f.  

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

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

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

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

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

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

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

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

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

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

2.    A> B Mfpad Xh; mfpyj; njhil S ,d; njhilg;gphpTfnsdf; nfhs;Nthk;. tof;fkhd Fwpg;gPl;by; 
njhil A \ B MdJ A \ B  = A ∩ B   ,dhy; tiuaWf;fg;gLfpwJ. A \ (B ∪ C) = (A \ B) ∩ (A \ C) vdTk; 
A \ (B ∩ C) = (A \ B) ∪ (A \ C) vdTk; fhl;Lf.

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

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

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

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

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

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

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

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

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

 .................................................................................................................................................................
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               fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;

3. p> q Mfpad vLg;Gfnsdf; nfhs;Nthk;. ∼ (p ∨ (∼ p ∧ q))> ∼ p ∧ ∼ q Mfpa $l;L vLg;Gfs; jUf;f 

Kiwahfr; rktYthditnadf; fhl;Lf.

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

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

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

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

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

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

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

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

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

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

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

4. vjph;kWg;gpdhy; epWty; Kiwiag; gad;gLj;jp> 3n2 + 2 xw;iwnadpy;> n xw;iwnad epWTf.
     
 .................................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................................
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               fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;

5. y − 1
3

  log2 x = 0>  82y−1− 2(x − 4)  = 0 vd;Dk; xUq;fik rkd;ghLfis x> y Mfpatw;Wf;Fj; jPh;f;;f.
 ..........................................................................................................................................................

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

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

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

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

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

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

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

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

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

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

6. rkdpyp x − 4 
x  

  ≤  3 Ij; jpUg;jpahf;Fk; vy;yh nka; x ,d; ngWkhdq;fisAk; fhz;f.  

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

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

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

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

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

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

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

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

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

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

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

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

 .................................................................................................................................................................
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               fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;

7.      rhh;G f (x) = √  x + 3 − 5 MdJ [−3, ∞) kPJ tiuaWf;fg;gLfpd;wnjdf; nfhs;Nthk;. f ,d; tPr;irf;  

    fz;L> f  xd;Wf;nfhd;whdnjdf; fhl;Lf. f −1 (x) If; fhz;f.

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

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

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

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

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

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

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

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

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

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

8.     gbj;jpwd; −3 If; nfhz;l Neh;NfhL l MdJ Gs;sp A(2,1) ,D}lhfr; nry;fpd;wJ. NfhL l  kPJ xU 
Gs;sp B MdJ AB = √  10 3  Mf ,Uf;FkhW cs;sJ. Gs;sp  B ,w;F ,Uf;fj;jf;f Ms;$Wfisf; 

fhz;f.

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

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

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

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

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

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

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

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

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

 .................................................................................................................................................................
 
 .................................................................................................................................................................
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               fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;

9. x = 2t 3,  y = 2 − 4t + t2 Mfpatw;wpdhy; jug;gLk; gukhd tisapf;F tiuag;gl;Ls;s njhlypfspd; 

rhpT −1 Mf ,Uf;Fk; Gs;spfisf; fhz;f. 

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

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

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

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

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

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

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

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

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

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

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

10. y = x2 > x + y = 2 Mfpa tisapfspdhy; tiug;Gw;w gpuNjrj;jpd; gug;gsitf; fhz;f.

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

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

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

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

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

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

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

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

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

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

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

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

*  * 
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               fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;

gFjp B
11. (a) fzpjk;> ngsjpftpay;> ,urhadtpay; vd;Dk; ghlq;fspyhd xU ghPl;irf;F 50 khzth;fs; 

Njhw;wpdh;..,e;j 50 khzth;fspy; 37 khzth;fs; fzpjj;jpYk; 24 khzth;fs; ngsjpftpaypYk; 

43 khzth;fs; ,urhadtpaypYk; rpj;jpaile;jdh;. NkYk; cah;e;jgl;rk; 19 khzth;fs; 

fzpjj;jpYk; ngsjpftpaypYk; 29 khzth;fs; fzpjj;jpYk; ,urhadtpaypYk; 20 khzth;fs; 

ngsjpftpaypYk; ,urhadtpaypYk; rpj;jpaile;Js;snudj; jug;gl;Ls;sJ. vy;yh %d;W 

ghlq;fspYk; rpj;jpaile;jpUf;fj;jf;f khzth;fspd; vz;zpf;ifapd; kpfg; nghpa ngWkhdj;ijf; 

fhz;f.  

(b) $l;L vLg;G  

Page	
  1	
  of	
  4	
  
	
  

Paper	
  1	
  –	
  Part	
  A	
  
	
  
1.	
   Let	
  𝐴𝐴𝐴𝐴 = {𝑥𝑥𝑥𝑥 ∈ ℝ ∶    𝑥𝑥𝑥𝑥 + 3 < 2}	
  and	
  𝐵𝐵𝐵𝐵 = {𝑥𝑥𝑥𝑥 ∈ ℝ ∶    𝑥𝑥𝑥𝑥 ≥ 4}	
  be	
  subsets	
  of	
  the	
  universal	
  

set	
  ℝ.	
  Find	
  𝐴𝐴𝐴𝐴 ∩ 𝐵𝐵𝐵𝐵	
  and	
  𝐴𝐴𝐴𝐴! ∩ 𝐵𝐵𝐵𝐵.	
  	
  
	
  
2.	
   Let	
  𝐴𝐴𝐴𝐴	
  and	
  𝐵𝐵𝐵𝐵	
  be	
  subsets	
  of	
  a	
  universal	
  set	
  S.	
  The	
  set	
  A\B	
  is	
  defined,	
  in	
  the	
  usual	
  notation,	
  by	
  

A\B = A ∩ B!.	
  	
  
	
   Show	
  that,	
  A ∖ B ∪ C = A ∖ B ∩ A ∖ C 	
  and	
  A ∖ B ∩ C = A ∖ B ∪ A ∖ C .	
  
	
  
3.	
   Let	
  𝑝𝑝𝑝𝑝	
  and	
  𝑞𝑞𝑞𝑞	
  be	
  propositions.	
  Show	
  that	
  the	
  compound	
  propositions	
  ¬(𝑝𝑝𝑝𝑝 ∨ ¬𝑝𝑝𝑝𝑝 ∧ 𝑞𝑞𝑞𝑞 )	
  

and	
  ¬𝑝𝑝𝑝𝑝⋀¬𝑞𝑞𝑞𝑞	
  are	
  logically	
  equivalent.	
  	
  
	
  
4. Find	
  the	
  truth	
  value	
  of	
  the	
  expression	
  ∀𝑥𝑥𝑥𝑥  (𝑥𝑥𝑥𝑥! ≥ 𝑥𝑥𝑥𝑥)	
  if	
  the	
  universal	
  set	
  is	
  	
  
	
   (a)	
  	
   ℝ	
  	
  	
  	
  	
  	
   (b)	
  	
   ℤ	
   	
   	
  
	
  
5. Solve	
   the	
   simultaneous	
   equations	
  𝑦𝑦𝑦𝑦 − !

! log! 𝑥𝑥𝑥𝑥 = 0	
   and	
  8!!!! − 2 𝑥𝑥𝑥𝑥 − 4 = 0	
   for	
   𝑥𝑥𝑥𝑥	
  
and	
  𝑦𝑦𝑦𝑦.	
   	
  

	
  	
  
6.	
  	
   Find	
  the	
  set	
  of	
  all	
  values	
  of	
  𝑥𝑥𝑥𝑥	
  which	
  satisfy	
  the	
  inequality	
  𝑥𝑥𝑥𝑥 − !

! ≤ 3.	
  
	
  
7.	
   Let	
   𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 = 𝑥𝑥𝑥𝑥 + 3− 5	
   be	
   a	
   function	
   defined	
   on	
   [−3, ∞).	
   Find	
   the	
   range	
   of	
   the	
  

function	
  𝑓𝑓𝑓𝑓	
  and	
  show	
  that	
  𝑓𝑓𝑓𝑓	
  is	
  one-­‐to-­‐one.	
  Find	
  𝑓𝑓𝑓𝑓!!(𝑥𝑥𝑥𝑥).	
  
	
   	
  
8.	
   The	
  line	
   	
  has	
  gradient	
  −3	
  and	
  passes	
  through	
  the	
  point	
  𝐴𝐴𝐴𝐴(2,1).	
  𝐵𝐵𝐵𝐵	
   is	
  a	
  point	
  on	
  the	
  

line	
   	
  such	
  that	
  the	
  distance	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  is	
  3 10.  Find	
  the	
  possible	
  coordinates	
  for	
  the	
  point	
  𝐵𝐵𝐵𝐵.	
  	
  
	
  

9.	
   Find	
   the	
   points	
   at	
   which	
   the	
   tangents	
   to	
   the	
   parametric	
   curve	
   given	
   by	
   = 2𝑡𝑡𝑡𝑡!	
   ,	
  
𝑦𝑦𝑦𝑦 = 2− 4𝑡𝑡𝑡𝑡 + 𝑡𝑡𝑡𝑡!	
  has	
  a	
  slope	
  of	
  -­‐1.	
  

10.	
   Find	
  the	
  area	
  of	
  the	
  region	
  bounded	
  by	
  the	
  curves	
  𝑦𝑦𝑦𝑦 = 𝑥𝑥𝑥𝑥!	
  and	
  𝑦𝑦𝑦𝑦 = 𝑥𝑥𝑥𝑥 .	
  
	
  
	
  
	
  
Paper	
  1	
  –	
  Part	
  B	
  
	
  
1.	
   (a)	
   A	
   class	
   of	
   50	
   students	
   sat	
   for	
   an	
   examination	
   in	
   Mathematics,	
   Physics	
   and	
  

Chemistry.	
   Out	
   of	
   50	
   students,	
   37,	
   24	
   and	
   43	
   students	
   passed	
   Mathematics,	
  
Physics	
  and	
  Chemistry	
  respectively.	
  Further,	
  it	
  is	
  given	
  that	
  at	
  most	
  19	
  students	
  
passed	
  Mathematics	
  and	
  Physics,	
  at	
  most	
  29	
  passed	
  Mathematics	
  and	
  Chemistry	
  
and	
  at	
  most	
  20	
  passed	
  Physics	
  and	
  Chemistry.	
  Find	
  the	
  largest	
  possible	
  number	
  
of	
  students	
  that	
  could	
  have	
  passed	
  all	
  three	
  subjects.	
  

	
   	
  
	
   (b)	
   Determine	
  whether	
  each	
  of	
  the	
  following	
  compound	
  proposition	
  is	
  a	
  tautology	
  

or	
  a	
  contradiction:	
  

	
   	
   (i)	
   [~𝑝𝑝𝑝𝑝 ∧ 𝑝𝑝𝑝𝑝 ∨ 𝑞𝑞𝑞𝑞 ] → 𝑞𝑞𝑞𝑞	
   (ii)	
   𝑝𝑝𝑝𝑝 ∧ 𝑞𝑞𝑞𝑞 ∧ [∼ 𝑝𝑝𝑝𝑝 ∨ 𝑞𝑞𝑞𝑞 ]	
   xU GdUj;jpah> Xh; vjph;kWg;gh vdj; Jzpf.

12.  (a)   fzpjj; njhFj;jwpTf; Nfhl;ghl;bidg; gad;gLj;jp> vy;yh n ∈ 

Page	
  �	
  of	
  4	
  
	
  

2.	
   (a)	
   (i)	
   �sing	
  the	
  Pr����p�e	
  ��	
  �at�e�at��a�	
  �����t���,	
  prove	
  that	
  
	
   	
   	
   	
   !

!∙!!!! +
!

!∙!!!! +⋯+ !
!∙!!!! =

!
!"!!	
  ,	
  

	
   	
   	
   for	
  all	
  n ∈ ℤ!.	
  
	
  
	
   	
   (ii)	
   �sing	
   the	
  method	
  of	
  proof	
  by	
   contradiction,	
  prove	
   that	
   if	
  3𝑛𝑛𝑛𝑛 + 2	
   is	
  odd,	
  

then	
  𝑛𝑛𝑛𝑛	
  is	
  odd.	
  
	
   	
  
	
   (b)	
   Let	
  U! = !

(!"!!)(!"!!)	
  	
  and	
  f r = !
!"!!	
  for	
  r ∈ ℤ

!,	
  where	
  λ ∈ ℝ.	
  
	
  
	
   	
   Find	
  the	
  value	
  of	
  λ	
  such	
  that	
  U! = f(r) − f(r + 1)	
  for	
  r ∈ ℤ!.	
  �ence,	
  find	
   U!!

!!! .	
  
	
   	
   	
  
	
   	
   Also,	
  find	
   U! + 2r!

!!! .	
  
	
  
	
  
3.	
  	
   (a)	
   The	
  roots	
  of	
  the	
  quadratic	
  equation	
  𝑥𝑥𝑥𝑥! + 4 + 𝑘𝑘𝑘𝑘 𝑥𝑥𝑥𝑥 − 25+ 𝑘𝑘𝑘𝑘 = 0	
  are	
  𝛼𝛼𝛼𝛼,−𝛼𝛼𝛼𝛼!,	
  

where	
  𝑘𝑘𝑘𝑘	
  is	
  a	
  real	
  constant.	
  
	
  

Show	
  that	
  𝛼𝛼𝛼𝛼	
  is	
  a	
  solution	
  of	
  the	
  equation	
  𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21 = 0.	
  
	
  

Show	
  that	
  (𝑥𝑥𝑥𝑥 − 3)	
   is	
  a	
   factor	
  of	
  𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21  and	
  show	
  that	
   the	
  equation	
  
𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21 = 0  has	
  only	
  one	
  real	
  root.	
  
	
  
�ence,	
  find	
  the	
  value	
  of	
  𝑘𝑘𝑘𝑘.  	
  

	
   	
  
	
   (b)	
  	
   Let	
  𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 = −2𝑥𝑥𝑥𝑥! + 12𝑥𝑥𝑥𝑥 − 16.	
  
	
   	
  

�rite	
   the	
   function	
   𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 	
   in	
   the	
   form	
   𝑎𝑎𝑎𝑎(𝑥𝑥𝑥𝑥 − ℎ)! + 𝑘𝑘𝑘𝑘,	
   where	
   𝑎𝑎𝑎𝑎, ℎ	
   and	
   𝑘𝑘𝑘𝑘	
   are	
  
constants	
  to	
  be	
  determined.	
  

	
  
Find	
  the	
  coordinates	
  of	
  the	
  vertex,	
  equation	
  of	
  the	
  axis	
  of	
  symmetry,	
  and	
  the	
  maximum	
  
value	
  of	
  𝑓𝑓𝑓𝑓.	
  S�etch	
  the	
  graph	
  of	
  the	
  function    𝑦𝑦𝑦𝑦 = 𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 .	
  	
  

	
  
The	
   function	
   𝑔𝑔𝑔𝑔	
   is	
   defined	
   by	
   𝑔𝑔𝑔𝑔 𝑥𝑥𝑥𝑥 = −2− 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥 + 1).	
   Determine	
   the	
   axis	
   of	
  
symmetry,	
  and	
  the	
  minimum	
  value	
  of	
  the	
  function	
  𝑔𝑔𝑔𝑔.	
  
	
  

	
  
4.	
   (a)	
   �rite	
  down,	
  in	
  the	
  usual	
  notation,	
  the	
  binomial	
  expansion	
  of	
  (a + b)!,	
  where	
  a	
  and	
  b	
  

real	
  and	
  n	
  is	
  a	
  positive	
  integer.	
  
	
  

(i) �f	
   the	
   sum	
   of	
   the	
   coefficients	
   of	
   the	
   first,	
   second	
   and	
   third	
   terms	
   of	
   the	
  

expansion	
  of	
   𝑥𝑥𝑥𝑥! + !
!

!
is	
  46.	
  Find	
  n.	
  

	
   	
   (ii)	
   Find	
  the	
  value	
  of	
  𝑘𝑘𝑘𝑘	
  if	
  the	
  coefficient	
  of	
  𝑥𝑥𝑥𝑥!	
  in	
  the	
  expansion	
  of	
   𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 + !
!
!"
is	
  

equal	
   to	
   !"!".	
   For	
   this	
   value	
   of	
   𝑘𝑘𝑘𝑘,	
   find	
   the	
   term	
   of	
   the	
   expansion	
   that	
   is	
  
independent	
  of	
  𝑥𝑥𝑥𝑥.	
   	
  

	
  

,w;Fk; 

    ∑
r =1

n
(3r2 + 5r + 1) = n(n + 2)2 

   vd epWTf. 

      
 (b)  r ∈ 
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2.	
   (a)	
   (i)	
   �sing	
  the	
  Pr����p�e	
  ��	
  �at�e�at��a�	
  �����t���,	
  prove	
  that	
  
	
   	
   	
   	
   !

!∙!!!! +
!

!∙!!!! +⋯+ !
!∙!!!! =

!
!"!!	
  ,	
  

	
   	
   	
   for	
  all	
  n ∈ ℤ!.	
  
	
  
	
   	
   (ii)	
   �sing	
   the	
  method	
  of	
  proof	
  by	
   contradiction,	
  prove	
   that	
   if	
  3𝑛𝑛𝑛𝑛 + 2	
   is	
  odd,	
  

then	
  𝑛𝑛𝑛𝑛	
  is	
  odd.	
  
	
   	
  
	
   (b)	
   Let	
  U! = !

(!"!!)(!"!!)	
  	
  and	
  f r = !
!"!!	
  for	
  r ∈ ℤ

!,	
  where	
  λ ∈ ℝ.	
  
	
  
	
   	
   Find	
  the	
  value	
  of	
  λ	
  such	
  that	
  U! = f(r) − f(r + 1)	
  for	
  r ∈ ℤ!.	
  �ence,	
  find	
   U!!

!!! .	
  
	
   	
   	
  
	
   	
   Also,	
  find	
   U! + 2r!

!!! .	
  
	
  
	
  
3.	
  	
   (a)	
   The	
  roots	
  of	
  the	
  quadratic	
  equation	
  𝑥𝑥𝑥𝑥! + 4 + 𝑘𝑘𝑘𝑘 𝑥𝑥𝑥𝑥 − 25+ 𝑘𝑘𝑘𝑘 = 0	
  are	
  𝛼𝛼𝛼𝛼,−𝛼𝛼𝛼𝛼!,	
  

where	
  𝑘𝑘𝑘𝑘	
  is	
  a	
  real	
  constant.	
  
	
  

Show	
  that	
  𝛼𝛼𝛼𝛼	
  is	
  a	
  solution	
  of	
  the	
  equation	
  𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21 = 0.	
  
	
  

Show	
  that	
  (𝑥𝑥𝑥𝑥 − 3)	
   is	
  a	
   factor	
  of	
  𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21  and	
  show	
  that	
   the	
  equation	
  
𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21 = 0  has	
  only	
  one	
  real	
  root.	
  
	
  
�ence,	
  find	
  the	
  value	
  of	
  𝑘𝑘𝑘𝑘.  	
  

	
   	
  
	
   (b)	
  	
   Let	
  𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 = −2𝑥𝑥𝑥𝑥! + 12𝑥𝑥𝑥𝑥 − 16.	
  
	
   	
  

�rite	
   the	
   function	
   𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 	
   in	
   the	
   form	
   𝑎𝑎𝑎𝑎(𝑥𝑥𝑥𝑥 − ℎ)! + 𝑘𝑘𝑘𝑘,	
   where	
   𝑎𝑎𝑎𝑎, ℎ	
   and	
   𝑘𝑘𝑘𝑘	
   are	
  
constants	
  to	
  be	
  determined.	
  

	
  
Find	
  the	
  coordinates	
  of	
  the	
  vertex,	
  equation	
  of	
  the	
  axis	
  of	
  symmetry,	
  and	
  the	
  maximum	
  
value	
  of	
  𝑓𝑓𝑓𝑓.	
  S�etch	
  the	
  graph	
  of	
  the	
  function    𝑦𝑦𝑦𝑦 = 𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 .	
  	
  

	
  
The	
   function	
   𝑔𝑔𝑔𝑔	
   is	
   defined	
   by	
   𝑔𝑔𝑔𝑔 𝑥𝑥𝑥𝑥 = −2− 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥 + 1).	
   Determine	
   the	
   axis	
   of	
  
symmetry,	
  and	
  the	
  minimum	
  value	
  of	
  the	
  function	
  𝑔𝑔𝑔𝑔.	
  
	
  

	
  
4.	
   (a)	
   �rite	
  down,	
  in	
  the	
  usual	
  notation,	
  the	
  binomial	
  expansion	
  of	
  (a + b)!,	
  where	
  a	
  and	
  b	
  

real	
  and	
  n	
  is	
  a	
  positive	
  integer.	
  
	
  

(i) �f	
   the	
   sum	
   of	
   the	
   coefficients	
   of	
   the	
   first,	
   second	
   and	
   third	
   terms	
   of	
   the	
  

expansion	
  of	
   𝑥𝑥𝑥𝑥! + !
!

!
is	
  46.	
  Find	
  n.	
  

	
   	
   (ii)	
   Find	
  the	
  value	
  of	
  𝑘𝑘𝑘𝑘	
  if	
  the	
  coefficient	
  of	
  𝑥𝑥𝑥𝑥!	
  in	
  the	
  expansion	
  of	
   𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 + !
!
!"
is	
  

equal	
   to	
   !"!".	
   For	
   this	
   value	
   of	
   𝑘𝑘𝑘𝑘,	
   find	
   the	
   term	
   of	
   the	
   expansion	
   that	
   is	
  
independent	
  of	
  𝑥𝑥𝑥𝑥.	
   	
  

	
  

,w;F Ur = (2r − 1) (2r + 1)
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vdf; nfhs;Nthk;.  

 n ∈ 
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2.	
   (a)	
   (i)	
   �sing	
  the	
  Pr����p�e	
  ��	
  �at�e�at��a�	
  �����t���,	
  prove	
  that	
  
	
   	
   	
   	
   !

!∙!!!! +
!

!∙!!!! +⋯+ !
!∙!!!! =

!
!"!!	
  ,	
  

	
   	
   	
   for	
  all	
  n ∈ ℤ!.	
  
	
  
	
   	
   (ii)	
   �sing	
   the	
  method	
  of	
  proof	
  by	
   contradiction,	
  prove	
   that	
   if	
  3𝑛𝑛𝑛𝑛 + 2	
   is	
  odd,	
  

then	
  𝑛𝑛𝑛𝑛	
  is	
  odd.	
  
	
   	
  
	
   (b)	
   Let	
  U! = !

(!"!!)(!"!!)	
  	
  and	
  f r = !
!"!!	
  for	
  r ∈ ℤ

!,	
  where	
  λ ∈ ℝ.	
  
	
  
	
   	
   Find	
  the	
  value	
  of	
  λ	
  such	
  that	
  U! = f(r) − f(r + 1)	
  for	
  r ∈ ℤ!.	
  �ence,	
  find	
   U!!

!!! .	
  
	
   	
   	
  
	
   	
   Also,	
  find	
   U! + 2r!

!!! .	
  
	
  
	
  
3.	
  	
   (a)	
   The	
  roots	
  of	
  the	
  quadratic	
  equation	
  𝑥𝑥𝑥𝑥! + 4 + 𝑘𝑘𝑘𝑘 𝑥𝑥𝑥𝑥 − 25+ 𝑘𝑘𝑘𝑘 = 0	
  are	
  𝛼𝛼𝛼𝛼,−𝛼𝛼𝛼𝛼!,	
  

where	
  𝑘𝑘𝑘𝑘	
  is	
  a	
  real	
  constant.	
  
	
  

Show	
  that	
  𝛼𝛼𝛼𝛼	
  is	
  a	
  solution	
  of	
  the	
  equation	
  𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21 = 0.	
  
	
  

Show	
  that	
  (𝑥𝑥𝑥𝑥 − 3)	
   is	
  a	
   factor	
  of	
  𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21  and	
  show	
  that	
   the	
  equation	
  
𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21 = 0  has	
  only	
  one	
  real	
  root.	
  
	
  
�ence,	
  find	
  the	
  value	
  of	
  𝑘𝑘𝑘𝑘.  	
  

	
   	
  
	
   (b)	
  	
   Let	
  𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 = −2𝑥𝑥𝑥𝑥! + 12𝑥𝑥𝑥𝑥 − 16.	
  
	
   	
  

�rite	
   the	
   function	
   𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 	
   in	
   the	
   form	
   𝑎𝑎𝑎𝑎(𝑥𝑥𝑥𝑥 − ℎ)! + 𝑘𝑘𝑘𝑘,	
   where	
   𝑎𝑎𝑎𝑎, ℎ	
   and	
   𝑘𝑘𝑘𝑘	
   are	
  
constants	
  to	
  be	
  determined.	
  

	
  
Find	
  the	
  coordinates	
  of	
  the	
  vertex,	
  equation	
  of	
  the	
  axis	
  of	
  symmetry,	
  and	
  the	
  maximum	
  
value	
  of	
  𝑓𝑓𝑓𝑓.	
  S�etch	
  the	
  graph	
  of	
  the	
  function    𝑦𝑦𝑦𝑦 = 𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 .	
  	
  

	
  
The	
   function	
   𝑔𝑔𝑔𝑔	
   is	
   defined	
   by	
   𝑔𝑔𝑔𝑔 𝑥𝑥𝑥𝑥 = −2− 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥 + 1).	
   Determine	
   the	
   axis	
   of	
  
symmetry,	
  and	
  the	
  minimum	
  value	
  of	
  the	
  function	
  𝑔𝑔𝑔𝑔.	
  
	
  

	
  
4.	
   (a)	
   �rite	
  down,	
  in	
  the	
  usual	
  notation,	
  the	
  binomial	
  expansion	
  of	
  (a + b)!,	
  where	
  a	
  and	
  b	
  

real	
  and	
  n	
  is	
  a	
  positive	
  integer.	
  
	
  

(i) �f	
   the	
   sum	
   of	
   the	
   coefficients	
   of	
   the	
   first,	
   second	
   and	
   third	
   terms	
   of	
   the	
  

expansion	
  of	
   𝑥𝑥𝑥𝑥! + !
!

!
is	
  46.	
  Find	
  n.	
  

	
   	
   (ii)	
   Find	
  the	
  value	
  of	
  𝑘𝑘𝑘𝑘	
  if	
  the	
  coefficient	
  of	
  𝑥𝑥𝑥𝑥!	
  in	
  the	
  expansion	
  of	
   𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 + !
!
!"
is	
  

equal	
   to	
   !"!".	
   For	
   this	
   value	
   of	
   𝑘𝑘𝑘𝑘,	
   find	
   the	
   term	
   of	
   the	
   expansion	
   that	
   is	
  
independent	
  of	
  𝑥𝑥𝑥𝑥.	
   	
  

	
  

,w;F Ur = (2r − 1)
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2.	
   (a)	
   (i)	
   �sing	
  the	
  Pr����p�e	
  ��	
  �at�e�at��a�	
  �����t���,	
  prove	
  that	
  
	
   	
   	
   	
   !

!∙!!!! +
!

!∙!!!! +⋯+ !
!∙!!!! =

!
!"!!	
  ,	
  

	
   	
   	
   for	
  all	
  n ∈ ℤ!.	
  
	
  
	
   	
   (ii)	
   �sing	
   the	
  method	
  of	
  proof	
  by	
   contradiction,	
  prove	
   that	
   if	
  3𝑛𝑛𝑛𝑛 + 2	
   is	
  odd,	
  

then	
  𝑛𝑛𝑛𝑛	
  is	
  odd.	
  
	
   	
  
	
   (b)	
   Let	
  U! = !

(!"!!)(!"!!)	
  	
  and	
  f r = !
!"!!	
  for	
  r ∈ ℤ

!,	
  where	
  λ ∈ ℝ.	
  
	
  
	
   	
   Find	
  the	
  value	
  of	
  λ	
  such	
  that	
  U! = f(r) − f(r + 1)	
  for	
  r ∈ ℤ!.	
  �ence,	
  find	
   U!!

!!! .	
  
	
   	
   	
  
	
   	
   Also,	
  find	
   U! + 2r!

!!! .	
  
	
  
	
  
3.	
  	
   (a)	
   The	
  roots	
  of	
  the	
  quadratic	
  equation	
  𝑥𝑥𝑥𝑥! + 4 + 𝑘𝑘𝑘𝑘 𝑥𝑥𝑥𝑥 − 25+ 𝑘𝑘𝑘𝑘 = 0	
  are	
  𝛼𝛼𝛼𝛼,−𝛼𝛼𝛼𝛼!,	
  

where	
  𝑘𝑘𝑘𝑘	
  is	
  a	
  real	
  constant.	
  
	
  

Show	
  that	
  𝛼𝛼𝛼𝛼	
  is	
  a	
  solution	
  of	
  the	
  equation	
  𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21 = 0.	
  
	
  

Show	
  that	
  (𝑥𝑥𝑥𝑥 − 3)	
   is	
  a	
   factor	
  of	
  𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21  and	
  show	
  that	
   the	
  equation	
  
𝑥𝑥𝑥𝑥! − 𝑥𝑥𝑥𝑥! + 𝑥𝑥𝑥𝑥 − 21 = 0  has	
  only	
  one	
  real	
  root.	
  
	
  
�ence,	
  find	
  the	
  value	
  of	
  𝑘𝑘𝑘𝑘.  	
  

	
   	
  
	
   (b)	
  	
   Let	
  𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 = −2𝑥𝑥𝑥𝑥! + 12𝑥𝑥𝑥𝑥 − 16.	
  
	
   	
  

�rite	
   the	
   function	
   𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 	
   in	
   the	
   form	
   𝑎𝑎𝑎𝑎(𝑥𝑥𝑥𝑥 − ℎ)! + 𝑘𝑘𝑘𝑘,	
   where	
   𝑎𝑎𝑎𝑎, ℎ	
   and	
   𝑘𝑘𝑘𝑘	
   are	
  
constants	
  to	
  be	
  determined.	
  

	
  
Find	
  the	
  coordinates	
  of	
  the	
  vertex,	
  equation	
  of	
  the	
  axis	
  of	
  symmetry,	
  and	
  the	
  maximum	
  
value	
  of	
  𝑓𝑓𝑓𝑓.	
  S�etch	
  the	
  graph	
  of	
  the	
  function    𝑦𝑦𝑦𝑦 = 𝑓𝑓𝑓𝑓 𝑥𝑥𝑥𝑥 .	
  	
  

	
  
The	
   function	
   𝑔𝑔𝑔𝑔	
   is	
   defined	
   by	
   𝑔𝑔𝑔𝑔 𝑥𝑥𝑥𝑥 = −2− 𝑓𝑓𝑓𝑓(𝑥𝑥𝑥𝑥 + 1).	
   Determine	
   the	
   axis	
   of	
  
symmetry,	
  and	
  the	
  minimum	
  value	
  of	
  the	
  function	
  𝑔𝑔𝑔𝑔.	
  
	
  

	
  
4.	
   (a)	
   �rite	
  down,	
  in	
  the	
  usual	
  notation,	
  the	
  binomial	
  expansion	
  of	
  (a + b)!,	
  where	
  a	
  and	
  b	
  

real	
  and	
  n	
  is	
  a	
  positive	
  integer.	
  
	
  

(i) �f	
   the	
   sum	
   of	
   the	
   coefficients	
   of	
   the	
   first,	
   second	
   and	
   third	
   terms	
   of	
   the	
  

expansion	
  of	
   𝑥𝑥𝑥𝑥! + !
!

!
is	
  46.	
  Find	
  n.	
  

	
   	
   (ii)	
   Find	
  the	
  value	
  of	
  𝑘𝑘𝑘𝑘	
  if	
  the	
  coefficient	
  of	
  𝑥𝑥𝑥𝑥!	
  in	
  the	
  expansion	
  of	
   𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 + !
!
!"
is	
  

equal	
   to	
   !"!".	
   For	
   this	
   value	
   of	
   𝑘𝑘𝑘𝑘,	
   find	
   the	
   term	
   of	
   the	
   expansion	
   that	
   is	
  
independent	
  of	
  𝑥𝑥𝑥𝑥.	
   	
  

	
  

 ,w;F 
2n + 1
 2n∑

r =1

n
Ur =  vdf; fhl;Lf.

    mj;Jld; ∑
r =10

20
(2Ur + 3r)  IAk; fhz;f.

    

13.  (a) ,Ugbr; rkd;ghL x2 + (4 + k) x − (25 + k) = 0 ,d; %yq;fs; α > − α2 MFk;É ,q;F k xU nka;k; 
khwpyp;' α MdJ rkd;ghL x3− x2 + x − 21 = 0 ,d; xU %ynkdf; fhl;Lf.

(x − 3) MdJ x3 − x2 + x − 21 ,d; xU fhuzpnadf; fhl;b> rkd;ghL   x3 − x2 + x − 21 = 0 xU nka;k; 
%yj;ij khj;jpuk; nfhz;lnjdf; fhl;Lf.

,jpypUe;J> k ,d; ngWkhdj;ijf; fhz;f.

 (b)  f (x) = − 2x2 + 12x −16 vdf; nfhs;Nthk;.  
rhh;G f (x) I tbtk; a (x − h)2 + k  ,y; vOJf; ,q;F a, h> k Mfpad Jzpag;gl Ntz;ba khwpypfs;. 
f ,d; cr;rpapd; Ms;$Wfs;> rkr;rPur;rpd; rkd;ghL> cah;e;jgl;rg; ngWkhdk; Mfpatw;iwf; 

fhz;f. rhh;G y = f (x) ,d; tiuigg; gUk;gbahf tiuf. 

rhh;G g MdJ g (x) = −2 − f (x + 1) ,dhy; tiuaWf;fg;gLfpd;wJ. rhh;G g ,d; rkr;rPur;rpd; rkd;ghL> 
Fiwe;jgl;rg; ngWkhdk; Mfpatw;iwj; Jzpf. 

  

14. (a)    tof;fkhd Fwpg;gPl;by; (a+b)n ,d; <UWg;G tphpia vOJf; ,q;F a> b Mfpad nka;naz;fSk; 

n xU Neh; epiwnaz;Zk; MFk;.

(i) x2 +  1x( (n
,d; <UWg;G tphpapd; Kjyhk;> ,uz;lhk;> %d;whk; cWg;Gfspd; Fzfq;fspd;   

$l;Lj;njhif 46 vdpd;" n If; fhz;f.

(ii) kx +  1x( (10
 ,d; tphpapy; x4  ,d; Fzfk;  15

16   ,w;Fr; rknkdpd;> k  ,d; ngWkhdj;ijf;   

fhz;f. 

 k ,d; ,g;ngWkhdj;jpw;F tphpapd; x Ir; rhuhj cWg;igf; fhz;f.

fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;
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               fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;

       (b)  xUthplk; gpd;tUk; 3 KjyPl;L tpUg;gj; njhpTfs; cs;sd : 

tpUg;gj; njhpT 1 :   Mz;Lf;F 14% vspa tl;bapd; fPo;r; nra;ag;gLk; KjyPL 

tpUg;gj; njhpT 2 :   Mz;Lf;F 12% $l;L tl;bapd; fPo;r; nra;ag;gLk; KjyPL

tpUg;gj; njhpT 3  :   fhyhz;Lf;F xU jlit 8% Mz;Lf; $l;L tl;bapd; fPo;r; nra;ag;gLk;             

KjyPL

(i)   5 Mz;Lfspd; ,Wjpapy; NrUk; nkhj;j tl;bia mbg;gilahff; nfhz;L kpfr; rpwe;j    

KjyPl;L tpUg;gj; njhpitj; njhpe;njLf;f.

(ii) fhyhz;bw;F xU jlit tl;b fzpf;fg;gLk; Mz;bw;F r%    $l;L tl;b kPJ KjyPL    

nra;tjw;fhd tpUg;gj; njhpT 4 ck; mthplk; cz;L. tpUg;gj; njhpT 4 ,d; fPo; 10 

Mz;Lfspy; fpilf;Fk; nkhj;j tl;b tpUg;gj; njhpT 2 ,d; fPo;f; fpilf;Fk; nkhj;j 
tl;bapYk; $banjdpd;> r  ,d; Fiwe;jgl;rg; ngWkhdk; ahjhf ,Uf;f Ntz;Lk;@  

  

15.  xU Kf;Nfhzp ABC ;,d; AB,  BC > AC Mfpa gf;fq;fspd; rkd;ghLfs; KiwNa  y = m1 x + c1, 

 y     =     m2 x + c2 >  x = 0 vdf; nfhs;Nthk;' Kf;Nfhzp ABC ,d; gug;gsT
 (c1 − c2)2

  

2  m1 
− m2 

 ,dhy; jug;gLfpd;wnjdf; fhl;Lf. 

    Kf;Nfhzp ABC ,d; BC, CA>  AB Mfpa gf;fq;fspd; rkd;ghLfs; KiwNa 3x − y +5 = 0, 2x + 3y −1= 0> 

 x + 2y − 3 = 0 vdf; nfhs;Nthk;.

 Gs;sp A ,D}lhfr; nry;Yk; gbj;jpwd; 
1 
3  −  I cila xU Neh;NfhlhdJ Gs;sp B ,D}lhfTk; CA 

,w;Fr; rkhe;jukhfTk; nry;Yk; xU Neh;Nfhl;bidg; Gs;sp D ,y; ,ilntl;Lfpd;wJ. cw;gj;jp O 

vdpd;" OD ,d; rkd;ghL y + x = 0 ,dhy; jug;gLnkdf; fhl;Lf. 

 Gs;sp D ,D}lhfTk; gf;fk; AB ,w;Fr; nrq;Fj;jhfTk; cs;s Neh;NfhlhdJ y- mr;irg; Gs;sp E ,y; 

re;jpf;fpd;wJ. Kf;Nfhzp ODE ,d; gug;gsitf; fhz;f.

16. (a)   lim 
 x    2

√  x  √  2 −
x2 − 4

 If; fhz;f.    
 

(b) gpd;tUtd xt;nthd;iwAk;  x If; Fwpj;J tifapLf.

(i)     x
1 − x( (6

(ii)    e2x  + e−2x

e2x  − e−2x

(iii) x2 ln (x4 + 1) 

(c) xU rJu mbiaAk; epiyf;Fj;Jr; Rth;fisAk; 4000 m3 fdtsitAk; cila xU jpwe;j 

jhq;fpia xU nky;ypa jfl;Lj; jputpaj;jpypUe;J mikf;f Ntz;bAs;sJ. gad;gLj;jg;gLk; 

jputpak; Fiwe;jgl;rkhf ,Uf;fj;jf;fjhfj; jhq;fpapd; ghpkhzq;fisf; fhz;f.

R
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17.  (a) gFjpfshfj; njhilapliyg; gad;gLj;jp
1

0

x2 e2x dx ∫  ,d; ngWkhdj;ijf; fzpf;f.

       (b) gFjpg; gpd;dq;fisg; gad;gLj;jp ∫ 2x + 3
(x + 1) (x +2)2 dx If; fhz;f. 

       (c) Mapil ePsk; 0.25 MfTs;s 0 ,w;Fk; 1 ,w;FkpilNa x ,d; ngWkhdq;fSf;F %d;W jrk 

jhdq;fSf;Fr; rhpahfr; rhh;G 

Page	
  3	
  of	
  4	
  
	
  

	
   (b)	
   A	
  person	
  has	
  the	
  following	
  3	
  investment	
  options:	
  	
  
	
  
	
   	
   Option	
  1:	
  Invest	
  under	
  14%	
  simple	
  interest	
  per	
  annum	
  
	
   	
   Option	
  2:	
  Invest	
  under	
  12%	
  compound	
  interest	
  per	
  annum	
  
	
   	
   Option	
  3:	
  Invest	
  under	
  quarterly	
  compounded	
  8%	
  interest	
  per	
  annum	
  
	
  

(i) Select	
  the	
  best	
  investment	
  option	
  based	
  on	
  the	
  interest	
  accumulated	
  at	
  the	
  end	
  
of	
  5	
  years.	
  

(ii) The	
  person	
  has	
  the	
  4th	
  option	
  of	
  investment	
  where	
  the	
  interest	
  is	
  calculated	
  
quarterly	
  at	
  an	
  annual	
  rate	
  of	
  r%.	
  If	
  the	
  interest	
  under	
  option	
  4	
  is	
  larger	
  than	
  that	
  
is	
  under	
  option	
  2	
  for	
  a	
  period	
  of	
  10	
  years,	
  what	
  is	
  the	
  minimum	
  value	
  of	
  r?	
  

	
  
5.	
   (a)	
   Let	
  𝑦𝑦𝑦𝑦 = 𝑚𝑚𝑚𝑚!𝑥𝑥𝑥𝑥 + 𝑐𝑐𝑐𝑐!, 𝑦𝑦𝑦𝑦 = 𝑚𝑚𝑚𝑚!𝑥𝑥𝑥𝑥 + 𝑐𝑐𝑐𝑐!	
  	
  and	
  𝑥𝑥𝑥𝑥 = 0	
  be	
  the	
  equations	
  of	
  the	
  sides	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴,𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵	
  and	
  

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  of	
  the	
  triangle	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  respectively.	
  Show	
  that	
  the	
  area	
  of	
  triangle	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  is	
  	
   !!!!! !

!|!!!!!|
	
  .	
  

	
   (b)	
   Let	
  𝑢𝑢𝑢𝑢! ≡ 𝑎𝑎𝑎𝑎!𝑥𝑥𝑥𝑥 + 𝑏𝑏𝑏𝑏!𝑦𝑦𝑦𝑦 + 𝑐𝑐𝑐𝑐! = 0	
  and	
  𝑢𝑢𝑢𝑢! ≡ 𝑎𝑎𝑎𝑎!𝑥𝑥𝑥𝑥 + 𝑏𝑏𝑏𝑏!𝑦𝑦𝑦𝑦 + 𝑐𝑐𝑐𝑐! = 0.	
  Show	
  that,	
  𝑢𝑢𝑢𝑢! + 𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆! = 0	
  
represents	
  a	
  straight	
  line	
  passing	
  through	
  the	
  point	
  of	
  intersection	
  of	
  the	
  straight	
  lines	
  
𝑢𝑢𝑢𝑢! = 0	
  and	
  𝑢𝑢𝑢𝑢! = 0	
  for	
  any	
  𝜆𝜆𝜆𝜆 ∈ ℝ.	
  

	
  
	
   	
   Let	
   3𝑥𝑥𝑥𝑥 − 𝑦𝑦𝑦𝑦 + 5 = 0,	
   2𝑥𝑥𝑥𝑥 + 3𝑦𝑦𝑦𝑦 − 1 = 0	
   and	
   𝑥𝑥𝑥𝑥 + 2𝑦𝑦𝑦𝑦 − 3 = 0	
   be	
   the	
   equations	
   of	
   the	
  

sides	
  𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  and	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  of	
  the	
  triangle	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  respectively.	
  
	
  
	
   	
   A	
   straight	
   line	
  passing	
   through	
   the	
  point	
  𝐴𝐴𝐴𝐴	
  with	
   gradient	
  − !

!	
   intersect	
   at	
   the	
  point	
  𝐷𝐷𝐷𝐷	
  
with	
   a	
   straight	
   line	
  passing	
   through	
   the	
  point	
  𝐵𝐵𝐵𝐵	
   and	
  parallel	
   to	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴.	
   If	
  𝑂𝑂𝑂𝑂	
   is	
   the	
  origin,	
  
show	
  that	
  the	
  equation	
  of	
  𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂	
  is	
  given	
  by	
  𝑦𝑦𝑦𝑦 + 𝑥𝑥𝑥𝑥 = 0.	
  

	
  
	
   	
   The	
  straight	
  line	
  passing	
  through	
  the	
  point	
  D	
  and	
  perpendicular	
  to	
  the	
  side	
  AB	
  meet	
  the	
  

y  -­‐axis	
   at	
   the	
   point	
  E.	
   Find	
   the	
   area	
   of	
   the	
   triangle	
  ODE,	
   using	
   the	
   result	
   in	
   part	
   (a)	
  
above.	
  

	
  
	
  

6.	
   (a)	
   Find	
  lim!→!
!!!! !!!
!!!!! ,	
  where	
  𝑎𝑎𝑎𝑎 > 𝑏𝑏𝑏𝑏.	
  

	
  
	
   (b)	
   Differentiate	
  each	
  of	
  the	
  following	
  with	
  respect	
  to	
  x.	
  

(i) !
!!!

!
,	
  x ≠ 1	
  

(ii) !!"!!!!"
!!"!!!!"	
  ,	
  x ≠ 0	
  

(iii) x! ln x! + 1 	
  
	
  
	
   (c)	
   A	
   man	
   wishes	
   to	
   have	
   an	
   enclosed	
   vegetable	
   garden	
   in	
   his	
   backyard.	
   If	
   the	
  

garden	
   is	
   to	
  be	
  rectangular	
  area	
  of	
  500  𝑚𝑚𝑚𝑚!,	
   find	
  the	
  dimensions	
  of	
   the	
  garden	
  
that	
  will	
  minimize	
  the	
  amount	
  of	
  fencing	
  material	
  needed.	
  

	
  
7.	
   (a)	
   Using	
  integration	
  by	
  parts,	
  evaluate	
   x!e!"!

! dx	
  
	
  
	
   (b)	
   The	
   following	
   table	
   gives	
   the	
   values	
   of	
   the	
   function	
   f x = 2x + 1,	
   correct	
   to	
   three	
  

decimal	
  places	
  for	
  values	
  of	
  	
  x	
  between	
  0	
  and	
  1	
  at	
  intervals	
  of	
  length	
  0.25.	
  
 ,d; ngWkhdq;fs; gpd;tUk; ml;ltizapy; 

jug;gl;Ls;sd.

     

          

x 0 0.25 0.50 0.75 1.00

f(x) 1 1.225 1.414 1.581 1.732
  

rpk;rdpd; newpiag; gad;gLj;jp  I =
1

0
∫ √ 2x + 1 dx ,w;fhd Xh; mz;zsTg; ngWkhdj;ijr; 

rhpahf ,U jrk jhdq;fSf;Ff; fhz;f. 

gpujpaPL u = 2x + 1 Ig; gad;gLj;jp I If; fz;L> I ,d; ngWkhdj;ij NkNy ngw;w mz;zsTg; 

ngWkhdj;Jld; xg;gpLf. 

*  *  * 

fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;
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               fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - fzpjk;

17.  (a) gFjpfshfj; njhilapliyg; gad;gLj;jp
1

0

x2 e2x dx ∫  ,d; ngWkhdj;ijf; fzpf;f.

       (b) gFjpg; gpd;dq;fisg; gad;gLj;jp ∫ 2x + 3
(x + 1) (x +2)2 dx If; fhz;f. 

       (c) Mapil ePsk; 0.25 MfTs;s 0 ,w;Fk; 1 ,w;FkpilNa x ,d; ngWkhdq;fSf;F %d;W jrk 

jhdq;fSf;Fr; rhpahfr; rhh;G 

Page	
  3	
  of	
  4	
  
	
  

	
   (b)	
   A	
  person	
  has	
  the	
  following	
  3	
  investment	
  options:	
  	
  
	
  
	
   	
   Option	
  1:	
  Invest	
  under	
  14%	
  simple	
  interest	
  per	
  annum	
  
	
   	
   Option	
  2:	
  Invest	
  under	
  12%	
  compound	
  interest	
  per	
  annum	
  
	
   	
   Option	
  3:	
  Invest	
  under	
  quarterly	
  compounded	
  8%	
  interest	
  per	
  annum	
  
	
  

(i) Select	
  the	
  best	
  investment	
  option	
  based	
  on	
  the	
  interest	
  accumulated	
  at	
  the	
  end	
  
of	
  5	
  years.	
  

(ii) The	
  person	
  has	
  the	
  4th	
  option	
  of	
  investment	
  where	
  the	
  interest	
  is	
  calculated	
  
quarterly	
  at	
  an	
  annual	
  rate	
  of	
  r%.	
  If	
  the	
  interest	
  under	
  option	
  4	
  is	
  larger	
  than	
  that	
  
is	
  under	
  option	
  2	
  for	
  a	
  period	
  of	
  10	
  years,	
  what	
  is	
  the	
  minimum	
  value	
  of	
  r?	
  

	
  
5.	
   (a)	
   Let	
  𝑦𝑦𝑦𝑦 = 𝑚𝑚𝑚𝑚!𝑥𝑥𝑥𝑥 + 𝑐𝑐𝑐𝑐!, 𝑦𝑦𝑦𝑦 = 𝑚𝑚𝑚𝑚!𝑥𝑥𝑥𝑥 + 𝑐𝑐𝑐𝑐!	
  	
  and	
  𝑥𝑥𝑥𝑥 = 0	
  be	
  the	
  equations	
  of	
  the	
  sides	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴,𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵	
  and	
  

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  of	
  the	
  triangle	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  respectively.	
  Show	
  that	
  the	
  area	
  of	
  triangle	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  is	
  	
   !!!!! !

!|!!!!!|
	
  .	
  

	
   (b)	
   Let	
  𝑢𝑢𝑢𝑢! ≡ 𝑎𝑎𝑎𝑎!𝑥𝑥𝑥𝑥 + 𝑏𝑏𝑏𝑏!𝑦𝑦𝑦𝑦 + 𝑐𝑐𝑐𝑐! = 0	
  and	
  𝑢𝑢𝑢𝑢! ≡ 𝑎𝑎𝑎𝑎!𝑥𝑥𝑥𝑥 + 𝑏𝑏𝑏𝑏!𝑦𝑦𝑦𝑦 + 𝑐𝑐𝑐𝑐! = 0.	
  Show	
  that,	
  𝑢𝑢𝑢𝑢! + 𝜆𝜆𝜆𝜆𝜆𝜆𝜆𝜆! = 0	
  
represents	
  a	
  straight	
  line	
  passing	
  through	
  the	
  point	
  of	
  intersection	
  of	
  the	
  straight	
  lines	
  
𝑢𝑢𝑢𝑢! = 0	
  and	
  𝑢𝑢𝑢𝑢! = 0	
  for	
  any	
  𝜆𝜆𝜆𝜆 ∈ ℝ.	
  

	
  
	
   	
   Let	
   3𝑥𝑥𝑥𝑥 − 𝑦𝑦𝑦𝑦 + 5 = 0,	
   2𝑥𝑥𝑥𝑥 + 3𝑦𝑦𝑦𝑦 − 1 = 0	
   and	
   𝑥𝑥𝑥𝑥 + 2𝑦𝑦𝑦𝑦 − 3 = 0	
   be	
   the	
   equations	
   of	
   the	
  

sides	
  𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵,𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  and	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  of	
  the	
  triangle	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴	
  respectively.	
  
	
  
	
   	
   A	
   straight	
   line	
  passing	
   through	
   the	
  point	
  𝐴𝐴𝐴𝐴	
  with	
   gradient	
  − !

!	
   intersect	
   at	
   the	
  point	
  𝐷𝐷𝐷𝐷	
  
with	
   a	
   straight	
   line	
  passing	
   through	
   the	
  point	
  𝐵𝐵𝐵𝐵	
   and	
  parallel	
   to	
  𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴.	
   If	
  𝑂𝑂𝑂𝑂	
   is	
   the	
  origin,	
  
show	
  that	
  the	
  equation	
  of	
  𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂	
  is	
  given	
  by	
  𝑦𝑦𝑦𝑦 + 𝑥𝑥𝑥𝑥 = 0.	
  

	
  
	
   	
   The	
  straight	
  line	
  passing	
  through	
  the	
  point	
  D	
  and	
  perpendicular	
  to	
  the	
  side	
  AB	
  meet	
  the	
  

y  -­‐axis	
   at	
   the	
   point	
  E.	
   Find	
   the	
   area	
   of	
   the	
   triangle	
  ODE,	
   using	
   the	
   result	
   in	
   part	
   (a)	
  
above.	
  

	
  
	
  

6.	
   (a)	
   Find	
  lim!→!
!!!! !!!
!!!!! ,	
  where	
  𝑎𝑎𝑎𝑎 > 𝑏𝑏𝑏𝑏.	
  

	
  
	
   (b)	
   Differentiate	
  each	
  of	
  the	
  following	
  with	
  respect	
  to	
  x.	
  

(i) !
!!!

!
,	
  x ≠ 1	
  

(ii) !!"!!!!"
!!"!!!!"	
  ,	
  x ≠ 0	
  

(iii) x! ln x! + 1 	
  
	
  
	
   (c)	
   A	
   man	
   wishes	
   to	
   have	
   an	
   enclosed	
   vegetable	
   garden	
   in	
   his	
   backyard.	
   If	
   the	
  

garden	
   is	
   to	
  be	
  rectangular	
  area	
  of	
  500  𝑚𝑚𝑚𝑚!,	
   find	
  the	
  dimensions	
  of	
   the	
  garden	
  
that	
  will	
  minimize	
  the	
  amount	
  of	
  fencing	
  material	
  needed.	
  

	
  
7.	
   (a)	
   Using	
  integration	
  by	
  parts,	
  evaluate	
   x!e!"!

! dx	
  
	
  
	
   (b)	
   The	
   following	
   table	
   gives	
   the	
   values	
   of	
   the	
   function	
   f x = 2x + 1,	
   correct	
   to	
   three	
  

decimal	
  places	
  for	
  values	
  of	
  	
  x	
  between	
  0	
  and	
  1	
  at	
  intervals	
  of	
  length	
  0.25.	
  
 ,d; ngWkhdq;fs; gpd;tUk; ml;ltizapy; 

jug;gl;Ls;sd.

     

          

x 0 0.25 0.50 0.75 1.00

f(x) 1 1.225 1.414 1.581 1.732
  

rpk;rdpd; newpiag; gad;gLj;jp  I =
1

0
∫ √ 2x + 1 dx ,w;fhd Xh; mz;zsTg; ngWkhdj;ijr; 

rhpahf ,U jrk jhdq;fSf;Ff; fhz;f. 

gpujpaPL u = 2x + 1 Ig; gad;gLj;jp I If; fz;L> I ,d; ngWkhdj;ij NkNy ngw;w mz;zsTg; 

ngWkhdj;Jld; xg;gpLf. 

*  *  * 
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(07) fzpjk;

tpdhj;jhs; II 
  gFjp A

1.     
 1         1       x
 4         4          x + 1

 3      x + 1       x + 2
=  0 Ij; jpUg;jpahf;Fk; x ,d; ngWkhdq;fisf; fhz;f.

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

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

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

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

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

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

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

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

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

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

2. A =  ( (2     0
3   −1  
1     4 

 , B =  ( (−1    1  
 0   −3  
−2    1 

  > C = ( (2    1 
1    2

 vdf; nfhs;Nthk;' A − 2B ,  AC > BC Mfpatw;iwf; fhz;f. 

(A − 2B) C = AC − 2BC I tha;g;Gg; ghu;f;f.

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

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

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

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

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

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

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

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

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

...........................................................................................................................................................................
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3. xU Fwpj;j Ez;kjpg; guPl;irapy; Gs;spfspd; ,il 100 MfTk; epak tpyfy; 16 MfTk; cs;s 

xU nrt;td; guk;gy; gpd;gw;wg;gLfpd;wJ. vy;yh Ez;kjpg; guPl;irg; Gs;spfspdJk; MfTk; ngupa 

5% I tiug;GWk; Jz;bg;Gg; ngWkhdj;ijf; fzpf;f.

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

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

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

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

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

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

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

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

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

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

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

4. xU Fwpj;j guk;gypd; ,il> ,ilak;> epak tpyfy; Mfpad KiwNa 61, 52> 10 MFk;. Xuhaf; 

Fzfj;ijf; fzpj;J> guk;gypd; tbtk; gw;wp tpku;rpf;f. ,g;guk;gYf;F ,il ika ehl;lj;jpd; xU 

epahakhd msth? ckJ tpilia  epahag;gLj;Jf. 

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

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

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

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

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

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

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

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

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

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

...........................................................................................................................................................................
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5. Xu; cw;gj;jpr; nrad;Kiwapy; tpRf;Nfhj;Jfs; 100 g, 200 g vd;Dk; ,U msTfspy; nghjp 

nra;ag;gLfpd;wd. nghjp khjpupfspy; nra;ag;gl;l Nrhjidfisf; nfhz;L gpd;tUk; nghopg;G 

msTfs; fzpf;fg;gl;ld. 

 

msT khjpupapd; 

gUkd; 
khjpup 

,il 
epak 

tpyfy; 

100 g
200 g

20
20

102 g
203 g

2.5 g
3.1 g

 khww; Fzfj;ijf; fzpj;J> epiwf;Nfw;g NkYk; ,irthd nghjpapd; msitj; Jzpf.

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

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

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

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

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

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

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

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

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

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

6. xU njhlu; vOkhw;W khwp X  MdJ Mapil [a, 6a] kPJ rPuhfg; guk;gpAs;sJÉ ,q;F a xU Neu;
 khwpyp. X ,d; guk;gw; rhu;igf; fhz;f. 

 NtnwhU njhlu; vOkhw;W khwp Y MdJ Mapil[−2, 8] kPJ rPuhfg; guk;gpAs;sJ. P(X < 3) =  
P(Y < 4) vdpd;" a ,d; ngWkhdj;ijf; fhz;f' 

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

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

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

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

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

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

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

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

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

...........................................................................................................................................................................
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7. xU Fwpj;j tif Koq;fhw; rj;jpurpfpr;irf;F 75% ntw;wpaPl;Ltjw;fhd Neu;jfT cs;sJ. ehd;F 

NehahspfSf;F ,r;rj;jpurpfpr;ir Nkw;nfhs;sg;gl;lJ. nrg;gkhf ,U NehahspfSf;F khj;jpuk; 

,r;rj;jpurpfpr;ir ntw;wpaPl;Ltjw;fhd epfo;jfitf; fhz;f.

 

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

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

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

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

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

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

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

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

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

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

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

8. vOkhw;W khwp X  ,w;Fg; gpd;tUk; epfo;jfTg; guk;gy; cs;sJ. 

 

x 1 2 3 4 5

P(X = x) p 0.2 q 0.3 0.1

 E(X) = 3.1 vdpd;" p> q  Mfpatw;iwf; fhz;f. Var(X) If; fhz;f. 

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

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

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

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

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

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

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

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

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

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

...........................................................................................................................................................................
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7. xU Fwpj;j tif Koq;fhw; rj;jpurpfpr;irf;F 75% ntw;wpaPl;Ltjw;fhd Neu;jfT cs;sJ. ehd;F 

NehahspfSf;F ,r;rj;jpurpfpr;ir Nkw;nfhs;sg;gl;lJ. nrg;gkhf ,U NehahspfSf;F khj;jpuk; 

,r;rj;jpurpfpr;ir ntw;wpaPl;Ltjw;fhd epfo;jfitf; fhz;f.

 

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

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

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

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

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

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

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

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

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

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

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

8. vOkhw;W khwp X  ,w;Fg; gpd;tUk; epfo;jfTg; guk;gy; cs;sJ. 

 

x 1 2 3 4 5

P(X = x) p 0.2 q 0.3 0.1

 E(X) = 3.1 vdpd;" p> q  Mfpatw;iwf; fhz;f. Var(X) If; fhz;f. 

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

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

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

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

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

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

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

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

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

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

...........................................................................................................................................................................
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9. A> B Mfpad xU khjpup ntsp S ,d; ,U epfo;r;rpfnsdf; nfhs;Nthk;. P(A∩B) = 1
5

 > P(A) = P(A|B') =  7
15

 

vdpd;> P(B|A)> P(B) Mfpatw;iwf; fhz;f. 

 A> B Mfpa ,U epfo;r;rpfSk; rhuhjdth vdj; Jzpf. 

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

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

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

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

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

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

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

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

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

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

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

10. vOkhw;W khwp X  ,w;F k xU khwpypahf cs;s f(x) = {  x − k, 0 ≤ x ≤ 2 vdpd;
0,     mt;thW ,y;yhjNghJ    

,dhy; jug;gLk; 

epfo;jfT mlu;j;jpr; rhu;G f(x) cs;sJ' k = 
1
2  vdf; fhl;b> X ,d; ,iliaf; fhz;f' 

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

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

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

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

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

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

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

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

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

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

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

*  *
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gFjp B 

11.  xU fk;gdp xt;Nthu; cw;gj;jpg; nghUSk; xd;wpypUe;njhd;W NtWgl;l 2 nrad;KiwfspD}lhfr; 

nry;y Ntz;ba A> B vd;Dk; 2 tif cw;gj;jpg; nghUs;;fis cw;gj;jpnra;fpd;wJ. cw;gj;jpg; 

nghUs;fs; xt;nthd;iwAk; cw;gj;jp nra;tjw;F xt;nthU nrad;KiwapYk; vLf;Fk; Neuk; 

cw;gj;jpg; nghUspd; tifiar; rhu;e;Js;sJ. A> B Mfpa cw;gj;jpg; nghUs;fspd; xt;Nthu; myifAk; 

cw;gj;jp nra;tjw;F xt;nthU nrad;KiwapYk; Njitg;gLk; kzpj;jpahy vz;zpf;ifAk; xt;nthU 

nrad;KiwapdhYk; xU thuj;jpw;Ff; ifahsg;glj;jf;f Ntiy kzpj;jpahy vz;zpf;ifAk; 

gpd;tUk; ml;ltizapy; jug;gl;Ls;sd. 

Xu; myif cw;gj;jp nra;tjw;Fj; 

Njitg;gLk; Neuk; (kzpj;jpahyk;) 

nrad;Kiw xU thuj;jpw;Ff; 

ifahsj;jf;f Ntiy kzpj;jpahy 

vz;zpf;if
nrad;Kiw 1 nrad;Kiw 2

cw;gj;jpg;

nghUs; 

A 2 4 40

B 4 4 32

fk;gdp A> B Mfpa cw;gj;jpg; nghUs;fs; xt;nthd;wpYk; Fiwe;jgl;rk;  2 myFfisNaDk; cw;gj;jpnra;a 

Ntz;bAs;snjdf; nfhs;f'

A> B Mfpa cw;gj;jpg; nghUs;fSf;F Xu; myfpw;fhd ,yhgk; KiwNa &. 10> &. 5 MFk;. 

cw;gj;jp nra;ag;gLk; vy;yh myFfSk; tpw;fg;glj;jf;fd vdf; nfhs;f. nkhj;j ,yhgj;ij 

cau;e;jgl;rkhf;Ftjw;F xt;Nthu; cw;gj;jpg; nghUspYk; xU thuj;jpy; cw;gj;jp nra;a Ntz;ba 

myFfspd; vz;zpf;ifiaj; Jzpa Ntz;bAs;sJ. 

(a)  ,jid Xu; Vfgupkhz epfo;r;rpj;jpl;lg; gpurpdkhfr; #j;jupf;f.

(b)  ,ay;jF gpuNjrj;ijg; gUk;gbahf tiue;J> mjpypUe;J> gpurpdj;ij tiuG Kiwahfj; jPu;f;f.

12.  (a)   ( (2     −1 
−1    2

A =  , ( (1     0 
0     3

B  =  > ( (x     2 
3   −y

X =   > vdpd;> AX = XB  Mf ,Uf;FkhW x> y Mfpatw;wpd; 

ngWkhdq;fisf; fhz;f.
  

(b) A  =  ( (1    2    2 
2    1    2  
2    2    1

 vdf; nfhs;Nthk;. A2 − 4A = 5I  vdf; fhl;LfÉ ,q;F I MdJ tupir 3 Md 

ru;trkd;ghl;Lj; jhakhFk;. 

 ,jpypUe;J my;yJ NtW tpjkhf> BA = I Mf ,Uf;FkhW tupir 3 Md rJuj; jhak; B If; 
fhz;f.

  gpd;tUk; Vfgupkhzr; rkd;ghl;Lj; njhFjpiaf; fUJf (
   x   + 2y +   2z   =   −1, 
   2x + y   +   2z   =    2, 
   2x + 2y +   z     =   −1.
   

C  =  ( ( −1    
  2   
−1   

 vdTk; X  = ( (  x    
  y           
  z   

 vdTk; nfhz;L jhar; rkd;ghL AX = C MdJ Nkw;Fwpj;j 

Vfg;gupkhzr; rkd;ghl;Lj; njhFjpia tifFwpf;fpd;wnjdf; fhl;Lf.   

,jpypUe;J> Nkw;Fwpj;j Vfgupkhzr; rkd;ghl;Lj; njhFjpiaj; jPu;f;f.
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13.  (a) %d;W ml;ilfs; 1, 3> 4 vd ,yf;fkplg;gl;Ls;sd. xU tpisahl;L Xu; ml;ilia vOkhw;whf 

vLj;J 1, 2, 3, 4, 5> 6 vd ,yf;fkplg;gl;Ls;s MW Kfq;fs; cs;s xU Nfhlhj jhaf; 

fl;ilia cUl;Ltijf; nfhz;Ls;sJ. njupe;njLj;j ml;ilapd; ,yf;fk; x vdTk; jhaf; 

fl;ilapd; Nky; Kfj;jpd; ,yf;fk; y vdTk; nfhs;Nthk;. A> B vd;Dk; epfo;r;rpfs; gpd;tUkhW 

tiuaWf;fg;gl;Ls;sd: 

   A  :   x  ≥  y

   B  :   x  +  y  Xu; ,ul;il vz;.

(i) P(A), P(B)> P(A|B) Mfpatw;iwf; fhz;f.

(ii) A  ck; B ck; jk;Ks; GwePf;Ffpd;wdth vdj; Jzpf. 

(b) (i) ''COEFFICIENT'' vd;Dk; nrhy;ypd; gjpndhU vOj;JfspdhYk; Mf;fg;glj;jf;f 

xd;wpypUe;njhd;W NtWgl;l tupirkhw;wq;fspd; vz;zpf;ifiaf; fhz;f.

(ii) ''COEFFICIENT'' vd;w nrhy;ypd; gjpndhU vOj;Jfspy; ehd;F vOj;Jfspdhy; Mf;fg;glj;jf;f 

xd;wpypUe;njhd;W NtWgl;l Nru;khdq;fspd; vz;zpf;ifiaf; fhz;f. 

14.  (a) I]; fpwPk; tpw;gidahsu; xUtu; tpLKiw thu ,Wjpf;fhf Nkyjpf ,Ug;GfSf;fhff; 

fl;lisapl Ntz;Lkh vd;gJ gw;wpj; jPu;khdpf;f Ntz;Lk;. fle;jfhy mDgtq;fSf;Nfw;g> 

thdpiy ntapyhu;e;jjhf ,Ue;jhy;> mtUila ,Ug;G vy;yhk; tpw;fg;gLtjw;F 85% Neu;jfT 

,Uf;Fk; vd;gij mtu; mwpthu;. Kfpyhu;e;jjhf ,Ue;jhy;> mtUila Neu;jfT 65% Mf 

,Uf;Fk; mNj Ntis kio nga;jhy;> mtUila Neu;jfT 10% khj;jpukhFk;. thdpiy 

Kd;dwptpg;GfSf;Nfw;g ntapyhu;e;jjhf ,Ug;gjw;fhd epfo;jfT 40% ck; Kfpyhu;e;jjhf 

,Ug;gjw;fhd epfo;jfT 35% ck; kio nga;tjw;fhd epfo;jfT 25% ck; MFk;.

(i) tpw;gidahsu; jdJ vy;yh I]; fpwPk; ,Ug;igAk; tpw;gjw;fhd epfo;jfT ahJ?

(ii)  tpw;gidahsu; jdJ vy;yh I]; fpwPk; ,Ug;igAk; tpw;Ws;sjhfj; jug;gbd;> thdpiy 

ntapyhu;e;jjhf ,Ug;gjw;fhd epfo;jfT ahJ?

(b) egu;fisf; Fiw epiw> rhjhuz epiw> kpif epiw vdg; ghFgLj;Jtjw;F cly; jpzpTr; Rl;b 

(BMI) gad;gLj;jg;gLfpd;wJ. tifg;gLj;jy; fPNo jug;gl;Ls;sJ.

  Fiw epiw : BMI ≤ 18.5  vdpd;>     

  rhjhuz epiw : 18.5 < BMI < 25.0 vdpd;> 

  kpif epiw :  BMI ≥ 25.0 vdpd;. 

xU Fwpj;j Fbj;njhifapy; cly; jpzpTr; Rl;bahdJ ,il 20 clDk; epak tpyfy; 4 

clDk; nrt;tdhfg; guk;gpAs;sJ.    

(i)  Nkw;Fwpj;j epiw tFjpfs; xt;nthd;Wf;Fk; cupa egu;r; rjtPjj;ijf; fzpf;f.

(ii)  NkNy tptupj;j Fbj;njhifapypUe;J 200 egu;fs; vOkhw;whfj; njupe;njLf;fg;gl;lhy;> 

njupe;njLf;fg;gl;l egu;fspilNa vj;jid Fiw epiw egu;fs; ,Ug;gjhf vjpu;ghu;f;fyhk;?

R
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15.  fhg;GWjp xg;ge;jj;ijf; nfhz;Ls;s xUtu; xU khjj;jpy; 2 el;l<l;Lf; Nfhupf;iffisr; 

rku;g;gpg;gjw;fhd ,ay;jfT 3 el;l<l;Lf; Nfhupf;iffisr; rku;g;gpg;gjw;fhd ,ay;jftpd; 

,Uklq;nfdf;  nfhs;f. mtu; xU khjj;jpy; rku;g;gpf;Fk; Nfhupf;iffspd; vz;zpf;if X MdJ 

epfo;jfTj; jpzpTr; rhu;G P(X = x) =   e
−λλx

  x!
, x = 0, 1, 2 ....  ,w;F vd;Dk; GtNrhd; guk;giyg; 

gpd;gw;Wfpd;wnjdf; nfhs;f.

(a)   λ If; fhz;f.

(b) mtu; xU khjj;jpy; Fiwe;jgl;rk; xU el;l<l;Lf; Nfhupf;ifiaNaDk; rku;g;gpg;gjw;fhd 

epfo;jfitf; fhz;f. ^ePu; e−5  ≅  0.6065 vd vLf;fyhk;'&

(c)  mtu; ,t;thW xt;nthU khjKk; njhlu;r;rpahf el;l<l;Lf; Nfhupf;iffisr; rku;g;gpj;jhy;> Xu; 

Mz;by; mtu; rku;g;gpg;ghu; vd vjpu;ghu;f;Fk; Nfhupf;iffspd; vz;zpf;ifiaf; fhz;f.

16.  Ik;gJ FLk;gq;fspd; khj tUkhdq;fs; gpd;tUk; ml;ltizapy; nghopg;ghf;fg;gl;Ls;sd.
 

  

tUkhdk; (&gh) FLk;g vz;zpf;if

10 000 - 14 999

15 000 - 19 999

20 000 - 24 999

25 000 - 29 999

30 000 - 34 999

35 000 - 39 999

40 000 - 44 999

45 000 - 49 999

2

8

15

9

6

5

3

2

(i)  Xu; cfe;j FwpKiwiag; gad;gLj;jp khj tUkhdj;jpd; ,il> ,ilak;> Mfhuk; Mfpatw;iwf;  

fzpf;f.

(ii) khj tUkhdj;jpd; fhyizapil tPr;ir kjpg;gpLf.

(iii)  &. 20 000 ,Yk; Fiwe;j khj tUkhdKs;s FLk;gq;fs; fPo; tUkhdf; FLk;gq;fshff; 

fUjg;gLfpd;wd. fPo; tUkhdf; FLk;gq;fspd; rjtPjj;ijf; fzpf;f.

(iv)  fPo; tUkhdf; FLk;gq;fs; vy;yhtw;Wf;Fk; khj tUkhdj;ij &. 20 000 tiuf;Fk; 

cau;j;Jtjw;F cjtpg;gzk; toq;fg;gl;lJ. ,t;Tjtpg;gzj;ij toq;fpa gpd;du; FLk;gq;fspd; 

khj tUkhdj;jpd; fhyizapil tPr;R ahJ?
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17.  xU  nraw;wpl;lj;jpd; nraw;ghLfSf;fpilNa cs;s njhlu;GilikfSk; xt;nthU nraw;ghl;Lf;F 

khd fhy msTfSk; fPNo jug;gl;Ls;sd.

 

nraw;ghL cldb Kw;nray;fs; fhy msT (thuq;fspy;) 

A − 2
B A 3
C A 5
D B 8
E B, C 4
F E 6
G D, F 7
H G 9

 

   (i) nraw;wpl;l tiyaikg;ig mikf;f.

  (ii) nraw;wpl;lj;jpd; mtjpr; nraw;ghLfis vOJf.

 (iii) Ke;jpa njhlf;f Neuk;> Ke;jpa Kbg;G Neuk;> gpe;jpa njhlf;f Neuk;> gpe;jpa Kbg;G Neuk;> 

kpjg;G Mfpad cl;gl xt;nthU nraw;ghl;Lf;Fkhd Neu ml;ltiziaj; jahupf;f.

 (iv) nraw;wpl;lj;jpw;F vLf;Fk; nkhj;jf; fhyj;ij ePbf;fhky; jhkjpf;f Kbahj nraw;ghLfs; ahit?

*  *  * 
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(08) tptrha tpQ;Qhdk;

tpdhj;jhs; fl;likg;G

tpdhj;jhs;  I  -  Neuk; : 02 kzpj;jpahyq;fs;

5 njupTfs; tPjk; nfhz;l 50 gy;Nju;T tpdhf;fshFk;. vy;yh tpdhf;fSf;Fk; 

tpil vOj Ntz;Lk;. xU tpdhTf;F 01 Gs;sp tPjk; nkhj;jk; 50 Gs;spfs;.

tpdhj;jhs;  II  -  Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplq;fs;)

,t;tpdhj;jhs; mikg;Gf; fl;Liu> fl;Liu vd;Dk; ,uz;L gFjpfisf; 

nfhz;Ls;sJ.

gFjp A  -  ehd;F mikg;Gf; fl;Liu tif tpdhf;fs;. vy;yh tpdhf;fSf;Fk; 

tpil vOj Ntz;Lk;. xt;nthU tpdhTf;Fk; 100 Gs;spfs; tPjk; 
400 Gs;spfs;.

gFjp B  -  MW fl;Liu tif tpdhf;fs;. ehd;F tpdhf;fSf;F tpil 

   vOj Ntz;Lk;. xt;nthU tpdhTf;Fk; 150 Gs;spfs; tPjk; 600 
Gs;spfs;.

tpdhj;jhs; II ,w;F nkhj;jg; Gs;spfs; =   1000 
 

,Wjpg; Gs;spiaf; fzpj;jy;  :  tpdhj;jhs;  I     =   50
 tpdhj;jhs;  II   =  1000 ÷ 20 =   50
 ,Wjpg; Gs;sp      = 100      

tpdhj;jhs; I
mwpTWj;jy;fs; :

*  vy;yh tpdhf;fSf;Fk; tpil vOJf.

*  rupahd my;yJ kpfg; nghUj;jkhd tpiliaj; njupe;njLf;f. 

 (gy;Nju;T tpdhf;fSf;F tpilaspg;gjw;Fupa gy;Nju;T tpilj;jhs; toq;fg;gLk;.) 

01. jhtuq;fspy; epfOk; gpurhuz mKf;fk;> ,iytha;fspd; mirT Mfpatw;Wf;Fj; Njitahd 

%yfk;>    

(1) N     (2) P     (3) K    (4) Ca    (5) Mg     

02. Poaceae FLk;g Ntu;fspy; xd;wpathop <l;lj;jpd; %yk; iejuridg; gjpf;Fk; gw;wPupah tif vJ? 

(1) Azotobacter      (2) Clostridium     (3) Bacillus  (4) Rhizobium  (5) Azospirillum  

03. Fl;ilahd jhtunkhd;wpd; cauj;ij mjpfupf;fg; gad;gLj;jg;gLk; XNkhd;    

 (1) [pguyPd;     (2) irw;Nwhifdpd;  (3) xl;rpd;
     (4) mg;rprpf;fkpyk;   (5) vjpyPd;        

04. ,ioa tsu;g;G Ma;T$lnkhd;wpy; gad;gLj;jg;gLk; ,urhadg; gjhu;j;jq;fs; fPNo jug;gl;Ls;sd.   

A - FNshnuhf;]; fiury;      B - vjNdhy;    
C - uP Nghy;     D - Nghkypd;  

 NkNy Fwpg;gplg;gl;l ,urhadg; gjhu;j;jq;fspy; Nkw;gug;Gf; fpUkpaopj;jYf;Fg; gad;gLj;jg;gLtd

 (1) A, B Mfpad khj;jpuk; (2) A, B, C Mfpad khj;jpuk; 
 (3) A, B, D Mfpad khj;jpuk; (4) A, C, D Mfpad khj;jpuk; 

 (5) B, C, D Mfpad khj;jpuk;    

f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - tptrha tpQ;Qhdk;



-78-- 78 -
f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - tptrha tpQ;Qhdk;

05. gjpitj;jypd;NghJ Ntu;tplypy; nry;thf;Fr; nrYj;Jk; fhuzp / fhuzpfs;     

(1) jhtu tif       

(2) jz;Lj; Jz;lj;jpd; Kjpu;r;rp     

(3) jhtu tifAk; jz;Lj; Jz;lj;jpd; Kjpu;r;rpAk;        

(4) jhtu tifAk; jz;Lj; Jz;lj;jpd; gl;ilapd; jbg;Gk;     

(5) jz;Lj; Jz;lj;jpd; Kjpu;r;rpAk; gl;ilapd; jbg;Gk;      

06. jd;kfue;jr; Nru;;if %ykhf Xupdj; jhtuq;fis cUthf;Fk; nrad;Kiw    

 (1) fyg;Gg; gpwg;G ,dtpUj;jp       (2) mf ,dtpUj;jp    

 (3) FNshdpq; Kiw ,dtpUj;jp  (4) tpfhu ,dtpUj;jp      
 (5) re;jjp ,dtpUj;jp        

07. gpd;tUtdtw;Ws; kz;zpy; cs;s> jhtuj;jpdhy; ngw;Wf;nfhs;sj;jf;f ePupd; msit tif 

Fwpg;gJ>  

(1) epuk;gy; epiyapYs;s ePupd; msT - taw; nfhs;ssT    

(2) epuk;gy; epiyapYs;s ePupd; msT - epue;ju thlw;Gs;sp   

(3) taw; nfhs;ssT ePupd; msT - epue;ju thlw;Gs;sp  

(4) epuk;gy; epiyapYs;s ePupd; msT - gUFePu;   

(5) taw; nfhs;ssT - gUF ePu;      

08. kz;nzhd;wpd; ePu;gw;Wk; jpwd; mjpfupg;gJ>   

(1) ful;Lj;jd;ik mjpfupf;Fk; NghjhFk;.    

(2) Ez;ik mjpfupf;Fk; NghjhFk;.   

(3) ,Wf;fk; mjpfupf;Fk; NghjhFk;.    

(4) vOkhw;whd ful;Lj;jd;ik mjpfupf;Fk; NghjhFk;.   

(5) jpl;gk; mjpfupf;Fk; NghjhFk;.     

09. jhtu Neha;fs; kw;Wk; Neha;fs; guTk; tpjq;fs; gw;wpa rpy Nru;khdq;fs; gpd;tUk; ml;ltizapy;> 

fhl;lg;gl;Ls;sd. ,tw;wpy; rupahd Nru;khdkhf miktJ> 

 
Neha; Neha; guTk; tpjk;

(1) nkd;Gs;sp Neha; ePu;

(2) thly; fhtpfs;

(3) JU Neha; fhtpfs;

(4) nkd;dKfy; tpj;Jfs;

(5) gpw;$w;W ntspwy; cgfuzq;fs;

    
        

             

10. G+r;rpehrpdpg; Nghj;jnyhd;wpy; 'jhtu%y Nrjd G+r;rpehrpdp" vd Nygyplg;gl;bUe;jJ. ,e;j G+r;rp 

ehrpdpapy; mlq;fpapUf;fj; jf;f gjhu;j;jk;>         

 (1) vd;Nlhry;ghd;    (2) larpNdhd;  (3) nkjy;bifl;L 

 (4) igNuhjpupd;  (5) fg;uhd;     

11. fPNo fhl;lg;gl;Ls;sJ %d;W czTf; $Wfspd; Nghrizf; fl;likg;GfshFk;.   

A - Gujk; 40%, ehu; 10%, khg;nghUs; 40%       
B - Gujk; 10%, ehu; 40%, rhk;gy; 10% 
C - Gujk; 41%, nfhOg;G 30%, khg;nghUs; 10% 

 NkNy Fwpg;gplg;gl;ltw;Ws;>     

(1) A, C Mfpad rkdhd rf;jpg; ngWkhdq;fs; nfhz;l Guj kpif epug;gpfshFk;.   
(2) A, B  Mfpad ehu;j;jd;ikahd czTfshFk;.  
(3) B, C  Mfpad NfhopfSf;F czT+l;lg; nghUj;jkhditahFk;.   
(4) A, B Mfpad khLfSf;F czT+l;lg; nghUj;jkhditahFk;. 
(5) A, C Mfpad NfhopfSf;F czT+l;lg; nghUj;jkhditahFk;.
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12. kdpj Nghriz njhlu;ghd gpd;tUk; $w;Wfisf; fUJf.    

A - Ez;Nghriz> khNghriz %yfq;fs; ,uz;L tifahd mtrpakhFk;.      

B - tpw;wkpd; kh Nghriz %ykhf tifg;gLj;jg;gLk;.    
C - mj;jpahtrpa mkpNdhtkpyq;fs; kdpj clypy; Njitahd msT njhFf;fg;glf; $badthFk;.    

D - ,ypg;gpl;L Ez; Nghrizg; gjhu;j;jkhFk;.  

 NkYs;s $w;WfSs; rupahdit>      

 (1) A, B Mfpad khj;jpuk; (2) A, C Mfpad khj;jpuk; (3) B, C Mfpad khj;jpuk;  

 (4) B, D Mfpad khj;jpuk; (5) C, D Mfpad khj;jpuk;    

13. gy;tifikahf;fk; nra;ag;gl;l czT> ngWkjp Nru;f;fg;gl;l czT Mrpatw;Wf;Fg; nghUj;jkhd 

cjhuzq;fshf miktd KiwNa       

(1) RitA+l;lg;gl;l fUe;Njapiy (Black tea)> tWj;j muprpkh 

(2) muprpkh E}by;];> ghz;        

(3) Nfhopapiwr;rpapypUe;J jahupf;fg;gLk; nrhNr[];> Ntu;[pd; (,ay;Gnflh) Njq;fhnaz;nza;       

(4) Nahf;fl;> jf;fhsp Nrh];         

(5) fpUkpaopf;fg;gl;l ghy;> I];fpwPk;      

14. Kjpu;r;rpf; Fwpfhl;b njhlu;ghd gpd;tUk; $w;Wfisf; fUJf.     

A - mWtilf;F nghUj;jkhd re;ju;g;gj;ijj; jPu;khdpg;gjw;F Kjpu;r;rpf; Fwpfhl;b gad;gLj;jg;gLk;.       

B - nghUj;jkhd Kjpu;r;rpr; re;ju;g;gj;jpy; mWtil nra;tjd; %yk; cr;r tpisr;riy 

ngwyhk;.     
C - pH ngWkhdk;> khg;nghUs; kzpfspd; tbtk; Mfpad kpfr; rpwe;j Fwpfhl;bfshFk;.     

D - jd;dPu;g;G> nkd;ikahd jd;ik kw;Wk; tpiwg;ghd jd;ik Mfpad rpwe;j Kjpu;r;rpf; 

Fwpfhl;bfshFk;.   

 Nkw;gb $w;Wfspy; rupahdit>      

 (1) A, B Mfpad khj;jpukhFk;. (2) B, C Mfpad khj;jpukhFk;. 
 (3) A, B, C Mfpad khj;jpukhFk;. (4) A, B, D Mfpad khj;jpukhFk;. 

 (5) A, C, D Mfpad khj;jpukhFk;.   

15. kz; Rfhjhuj;ij mjpfupf;f KbtJ>  

(1) njhlu;r;rpahf mNrjdg; grisfis ,Ltjd; %ykhFk;.    

(2) juprhf tpLk; fhyk; mw;w tifapy; njhlu;r;rpahf gapu;nra;jy; %ykhFk;.    

(3) khwh Moj;jpy; njhlu;r;rpahf cOtjd; %ykhFk;.   

(4) njhlu;r;rpahf xNu gapiu nra;if gz;Zjy; %ykhFk;.    

(5) fsj;jpypUe;J Nkyjpf ePiu mfw;Wtjd; %ykhFk;.   

16. 'ePu;ka Clf tsu;g;gpid" rpwg;ghf tpsf;FtJ       

(1) jhtug; Nghrizg; nghUl;fs; nfhz;l ePu;rhu;e;j #oypy; jhtuq;fis tsu;j;jyhFk;. 

(2) jhtug; Nghrizfs; nfhz;l ePu;ka Clfj;jpy; jhtuq;fis tsu;j;jyhFk;.      

(3) kz;zpd;wpa Nghrizg; gjhu;j;jq;fs; nfhz;l jpz;k Clfj;jpy; jhtuq;fis tsu;j;jyhFk;.     

(4) fspg;gilfs; mw;w ePu;ka Clfj;jpy; jhtuq;fis tsu;j;jyhFk;.       

(5) jputg; grisiag; gad;gLj;jp ve;jnthU Clfj;jpYk; jhtuq;fis tsu;j;jyhFk;.  
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17. fPNo fhl;lg;gl;Ls;sit goq;fSf;F vdg; gad;gLj;jj;jf;f kpfr; rpwe;j mWtil KiwfSk;> 

mWtilf;Fg; gpe;jpa KiwfSkhFk;.

 A   -   nghUj;jkhd Brix ngWkhdj;ijg; gad;gLj;jy;        
B - #lhd ePupy; mkpo;j;Jjy;      
C -  gpw;gfypy; mWtil nra;jy;      

NkNy Fwpg;gpl;ltw;wpy; khq;fha;fspd; mWtilf;Fg; gpe;jpa juj;ijg; NgZtjw;F nghJthfg; 

gad;gLj;jg;gLk; Kiw/ Kiwfs;       

 (1) A  khj;jpuk; (2) B khj;jpuk; 
 (3) A, B Mfpad khj;jpuk; (4) A, C Mfpad khj;jpuk; 

 (5) B, C Mfpad khj;jpuk;    

18. Kjw; gz;gLj;jypd; fhuzkhf kz;zpy; epfoj;jf;f khw;wk;> 

(1) Njhw;wtlu;j;jp mjpfupj;jy;  

(2) cz;ikalu;j;jp mjpfupj;jy; 
(3) fhw;W}l;ly; Nkk;gly;  
(4) vOkhwhd ful;Lj;jd;ik Fiwtiljy;

(5) kz; Ez;Lisj; jd;ik Fiwtiljy;   

19. tptrhak; fw;Fk; khztnuhUtu;> cyu;tya tptrhapnahUtuhy; gpd;tUk; nraw;ghLfs; 

Nkw;nfhs;sg;gLtJ mtjhdpf;fg;gl;lJ.  

A - jdpg; gapiur; nra;if gz;zy;   

B - mtNu eLifg; nghUl;fis cw;gj;jp nra;jy; 
C - fhyepiyf; Nfhyj;jpw;fika gapu;nra;if eltbf;iffis Nkw;nfhs;sy;  

 Nkw;gb nraw;ghLfspy; kuGuPjpahd tptrhar; nraw;ghL / nraw;ghLfs;  
 (1) A  khj;jpuk; (2) B  khj;jpuk; (3) C  khj;jpuk; 
 (4) A,  B  Mfpad khj;jpuk; (5) B,  C Mfpad khj;jpuk;    

20. muprpapd; Nfs;tp> epuk;gy; Mfpatw;wpd; kPJ nry;thf;F nrYj;Jk; fhuzpfs; rpy tUkhW       

A - njhopyhsu; nryT          B - cw;gj;jpg; nghUspd; tpw;gid tpiy 
C -  grisf;fhd khdpak;        D - Efu;Nthupd; tUkhdk;     

Nkw;Fwpg;gpl;ltw;Ws; Neubahf re;ijf;fhd toq;fypy; nry;thf;Fr; nrYj;j $bad       

 (1) A, B Mfpad khj;jpuk;. (2) A, C Mfpad khj;jpuk;. 
 (3) A, D Mfpad khj;jpuk;. (4) B, C Mfpad khj;jpuk;. 

 (5) C, D Mfpad khj;jpuk;.   

21. gpujhdkhf GPS njhopEl;gk; gad;gLj;jg;gLtJ   

     (1)  fhg;Gg; gapu;r;nra;iff;fhFk;.  
 (2)  Nrjdg; gapu;r;nra;iff;fhFk;.
     (3)  rkfhyg; gapu;r;nra;iff;fhFk;. 
 (4)  capu; ,aq;F epiyg; gapu;r;nra;iff;fhFk;.

     (5) xd;wpize;j gapu;r;nra;iff;fhFk;.

22. fPNo jug;gl;Ls;sit jw;NghJ tptrhaj; Jiwapy; vjpu;Nehf;fg;gLk; gpur;rpidfspy; rpythFk;. 

A - tptrha capu;g;gy;tifik moptiljy;.    

B - tptrhaj;jpy; <LgLk; rdj;njhifapdupd; vz;zpf;if Fiwtiljy;.  
C - jhtuq;fs; Neha;> gPilfSf;F Mshjy;.  

 NkNy Fwpg;gpl;ltw;Ws; gRikg; Gul;rpapd; vjpu;kiwahd tpisTf;fhd cjhuzk;/ cjhuzq;fs;>

 (1) A  khj;jpuk;. (2) B  khj;jpuk;. (3) C  khj;jpuk;. 
 (4) A,  B Mfpad khj;jpuk;. (5) A, C Mfpad khj;jpuk;.    
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23. gz;iz tpyq;Ffspd; %yk; guTk; Neha;fspd; ,ay;Gfs; rpy tUkhW.  

÷ tpyq;FfspypUe;J kdpjDf;F guTk;. 

÷ njhw;Wjy; Vw;gl;l tpyq;fpypUe;J ngwg;gl;l rikf;fhj ,iwr;rp> ghr;ruhf;fk; nra;ag;glhj 
ghy; Mfpad %ykhfj; njhw;WjyilAk;.   

÷ Nehahf;fp gw;wPupahthFk;.   
÷ jirfspy; mjpf typ> mjpf tpau;it Mfpad Vw;gly; ,e;Nehapd; gpujhd mwpFwpfshFk;. 

Nkw;Fwpg;gpl;l ,ay;GfSf;Fupa Nehahf mikaf; $baJ> 

 (1)  khl;L tpru; Neha; (2)  vypf;fha;r;ry; (nyg;NuhigNuhrp];) 

 (3)  GUrNyhrpR (4)  gwitf; fha;r;ry; 
 (5)  gd;wpf; fha;r;ry;   

24. Gy;ypypUe;J Fopfhg;Gj; jPidj; jahupf;Fk; nrad;Kiwapy; rupahd xOq;FKiw> Gy;iy ntl;Ljy;        

(1) Fopia epug;Gjy;> tspapWf;fkhf Kj;jpiuaply;> ,Wf;Fjy;.   

(2) Fopia epug;Gjy;> ,Wf;Fjy;> %Ljy;.           

(3) thltply;> fyj;jy;> Fopia epug;Gjy;> %Ljy;.        

(4) Fopia epug;Gjy;> ePu;Nru;j;jy;> ,Wf;Fjy;> %Ljy;.           

(5) ciwAld; fyj;jy;> Fopia epug;Gjy;> %Ljy;.    

25. gRk;ghypYs;s nfhOg;gpd; msT jq;fpapUg;gJ>         

(1) fwitg; gR tu;f;fk;> fwitf; fhyk; Mfpatw;wpd; kPjhFk;.    

(2) fwitg; gR tu;f;fk;> ghy;fwf;Fk; Kiw Mfpatw;wpd; kPjhFk;.            

(3) fwit fhyk;> cztpYs;s fdpg;nghUl;fspd; msT Mfpatw;wpd; kPjhFk;.         

(4) ghy; fwf;Fk; Kiw> cztpYs;s fdpg;nghUl;fspd; msT Mfpatw;wpd; kPjhFk;.            

(5) cztpYs;s fdpg;nghUl;fspd; msT> fwitg; gR tu;f;fk; Mfpatw;wpd; kPjhFk;.   

26. ney;ypd; ngWkjpr; rq;fpypf;fhd cjhuzkhf miktJ    

(1) mWtil → Nrfupj;jy; → nkhj;jkhff; fsQ;rpag;gLj;jy; → tpw;gid    

(2)  mWtil → nkhj;jkhff; fsQ;rpag;gLj;jy; → Nrfupj;jy; → jug;gLj;jy; 

(3)  nkhj;jkhff; fsQ;rpag;gLj;jy; → nghjpaply; → jug;gLj;jy; → re;ijg;gLj;jy; 

(4)  nkhj;jkhff; fsQ;rpag;gLj;jy; → gjg;gLj;jy;  → nghjpaply; → jug;gLj;jy;  

(5)  tpisr;riy mWtil nra;jy; → gjg;gLj;jy; → Nrfupj;jy; → re;ijg;gLj;jy;

   

÷  tpdh ,y. 27 f;F tpilaspf;f gpd;tUk; cUit mtjhdpf;f. 

 

     

 

27. Nkw;gb cUtpw;F mika ,iyapd; gug;gsT      

(1) 6 cm2      (2) 8 cm2      (3) 14 cm2     (4) 26 cm2     (5) 36 cm2      
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28. ePu;KjypypUe;J JspKiw ePu;g;ghrdj; njhFjpapd; gpujhd Foha; tiu ePu; gazpf;Fk; top   

(1) cwpQ;rw; Foha;> tbfl;lw; njhFjp> gk;gp> tpepNahff; Foha;     

(2) cwpQ;rw; Foha;> gk;gp> tpepNahff; Foha;> tbfl;lw; njhFjp  

(3) cwpQ;rw; Foha;> gk;gp> tbfl;lw; njhFjp> tpepNahf Foha;     

(4) cwpQ;rw; Foha;> tpepNahff; Foha;> gk;gp> tbfl;lw; njhFjp  

(5) tpepNahff; Foha;> gk;gp> cwpQ;rw; Foha;> tbfl;lw; njhFjp     

29. ntl;bA+l;Lk; Gy;> ntl;bA+l;Lk; mtiuak; Mfpatw;Wf;fhd cjhuzq;fs; KiwNa      

(1) CO3 > vupj;jpiudh         
(2) gpuf;Nfupah> vupjpj;jpiudh      
(3) CO3 > gpA+Nuupah   
(4) gpuf;Nfupah> gpA+Nuupah     
(5) fpdpg;Gy;Y> nrz;l;NuhrPkh          

30. mQ;rw; gapu;r;nra;ifapd;NghJ>  

(1)  Kjyhk; gapu;> ,uz;lhk; gapu; Mfpatw;wpd; ,dg;ngUf;fg; gUtk; taypy; Vf fhyj;jpy; 

fhzg;gLk;.

(2)  Kjyhk; gapu;> ,uz;lhk; gapu; Mfpatw;wpd; gjpag; gUtk; taypy; Vf fhyj;jpy; fhzg;gLk;  

(3)  Kjyhk; gapupd; tsu;r;rp gUtKk; ,uz;lhk; gapupd; ,dg;ngUf;fg; gUtKk; taypy; Vf 

fhyj;jpy; fhzg;gLk;.

(4)  Kjyhk; gapupd; ,dg;ngUf;fg; gUtKk; ,uz;lhk; gapupd; gjpag; gUtKk; taypy; Vf 

fhyj;jpy; fhzg;gLk;.   

(5)  Kjyhk; gapupypUe;J mWtil Nkw;nfhs;sg;gl;l gpd;du; ,uz;lhk; gapu; ehl;lg;gLk;.  

31. #oy; ntg;gepiy mjpfupf;Fk;NghJ>       

(1) Nfhopfs; jbj;j XL nfhz;l Kl;ilfis ,Lk;.  

(2) gRf;fspd; clw;nwhopypay; nraw;ghLfs;> ,isg;G Mfpad mjpfupf;Fk;.          

(3) vy;yhg; gz;iz tpyq;FfSk; mjpfsT ePiuf; Fbf;Fk;.        

(4) vy;yhg; gz;iz tpyq;FfspYk; tpau;it ntspNaw Muk;gpf;Fk;.          

(5) rpy gz;iz tpyq;Ffspd; cw;gj;jp FiwtilAk;.     

32. jz;Lj; Jz;lq;fis Ntu;tplr; nra;tjw;F gdpg;Gfhu; ,dg;ngUf;fp gpujhdkhfg; gad;gLj;jg;gLk;. 

gdpg;Gfhu; ,dg;ngUf;fpapy; rpwg;ghd mstpy; 

A - <ug;gjd; Ngzg;gLk;.     

B - ntg;gepiy Ngzg;gLk;.   
C - Nghriz kl;lk; Ngzg;gLk;.   

 ,tw;Ws; rupahd $w;W / $w;Wfs;    
 (1) A  khj;jpuk;. (2) B  khj;jpuk;. (3) C  khj;jpuk;. 
 (4) A,  B Mfpad khj;jpuk;. (5) A, C Mfpad khj;jpuk;.    

33. wk;Gl;lhd; jhtuj;Jf;F kpfg; nghUj;jkhd ,dg;ngUf;f Kiw    

(1) Mg;nghl;L      

(2) Jz;nlhl;L    

(3) fhw;wpw; gjpitj;jy;   
(4) jz;Lj; Jz;lq;fis Ntu;nfhs;sr; nra;jy;     

(5) Ntu;j; Jz;lq;fis Ntu;nfhs;sr; nra;jy;     
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÷  34 Mk; tpdhTf;F tpilaspf;f gpd;tUk; tupg;glj;ijg; gad;gLj;Jf. 

    

34. tptrhapnahUtUf;F jdJ gz;izapd; ngupa ,lg;gug;gpy; NkNy cUtpy; fhl;lg;gl;Ls;sthwhd 

ghj;jpfis mikf;f Ntz;bAs;sJ. ,jw;nfd mtuhy; gad;gLj;j Ntz;ba cgfuzq;fshtd>   

(1) tl;lj;jl;Lf; fyg;ig> rhtpU fUtp> Roy; fyg;ig    
(2) Roy; fyg;ig> kz;ntl;b> rhtpU fUtp 

(3) kz;ntl;b> Ks; kz;ntl;b> Kl;fyg;ig   

(4) tl;lj;jl;Lf; fyg;ig> Kl;fyg;ig> rhtpU fUtp 

(5) tl;lj;jl;Lf; fyg;ig> Kl;fyg;ig> ,wF fyg;ig    

35. eLif Clfq;fspd; ,ay;Gfs; rpy tUkhW.  

A - rpwg;ghd fhw;Nwhl;lk; epyTjy;     B - rpwg;ghd ePu;tbg;G epyTjy;   
C - mjpf Njhw;wtlu;j;jp    D - mjpf ePu;gw;Wk; jpwd; 

 ,e;j ,ay;Gfspy; rhbf; fyitf;Fupa Clfj;jpd; rpwg;gpay;Gfshtd    

 (1) A, B  Mfpad khj;jpuk;. (2) A, B, C Mfpad khj;jpuk;. 
 (3) A, B, D Mfpad khj;jpuk;. (4) A, C, D Mfpad khj;jpuk;. 

 (5) B, C, D Mfpad khj;jpuk;.    

36. Fwpg;gpl;l fha;fwpg; gapnuhd;wpd; Ntu;j;njhFjpapd; Mok; 400 mm MFk;. ngwj;jf;f nkhj;j ePupd; 

msthd 60 mm ,y;> 50% Fiwtile;j gpd;du; kz;Zf;F ePu;g;ghrdk; nra;ag;gLk;. Njwpa ePu;j; 

Njitapd; msT     

(1) 200 mm     (2) 120 mm     (3) 75 mm    (4) 60 mm    (5) 30 mm      

37. cw;gj;jpr; nrad;Kiw njhlu;ghf gpd;tUk; juTfisf; fUJf. 

A+upah (kg) 1 2 3 4 5

tpisr;ry; (kg) 20 50 90 140 180

    4kg A+upahit ,Lk;NghJ fpilf;Fk; ruhrup cw;gj;jp> A+upahit 4kg ,ypUe;J 5kg Mf mjpfupf;Fk; 

Nghjhd vy;iy cw;gj;jp Mfpad KiwNa        

 (1) 35, 40    (2) 35, 35   (3) 35, 50    

 (4) 40, 35   (5) 40, 50      

38. jho;ehl;Lg; gpuNjrq;fspy; nghypj;jPd; $lhuq;fis mikf;Fk;NghJ ftdj;jpw; nfhs;s Ntz;ba 

gpujhd fhuzp>     

(1) rhuPug;gjidf; Fiwj;jy;.        (2) ntg;gepiyiaf; Fiwj;jy;.     
(3) gPilg;G+r;rpfspd; Nrjj;ijf; Fiwj;jy;.     (4) Neha; Vw;gliyf; Fiwj;jy;.      
(5) fhw;wpd; jhf;fj;jpidf; Fiwj;jy;.         
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34. tptrhapnahUtUf;F jdJ gz;izapd; ngupa ,lg;gug;gpy; NkNy cUtpy; fhl;lg;gl;Ls;sthwhd 

ghj;jpfis mikf;f Ntz;bAs;sJ. ,jw;nfd mtuhy; gad;gLj;j Ntz;ba cgfuzq;fshtd>   

(1) tl;lj;jl;Lf; fyg;ig> rhtpU fUtp> Roy; fyg;ig    
(2) Roy; fyg;ig> kz;ntl;b> rhtpU fUtp 

(3) kz;ntl;b> Ks; kz;ntl;b> Kl;fyg;ig   

(4) tl;lj;jl;Lf; fyg;ig> Kl;fyg;ig> rhtpU fUtp 

(5) tl;lj;jl;Lf; fyg;ig> Kl;fyg;ig> ,wF fyg;ig    

35. eLif Clfq;fspd; ,ay;Gfs; rpy tUkhW.  

A - rpwg;ghd fhw;Nwhl;lk; epyTjy;     B - rpwg;ghd ePu;tbg;G epyTjy;   
C - mjpf Njhw;wtlu;j;jp    D - mjpf ePu;gw;Wk; jpwd; 

 ,e;j ,ay;Gfspy; rhbf; fyitf;Fupa Clfj;jpd; rpwg;gpay;Gfshtd    

 (1) A, B  Mfpad khj;jpuk;. (2) A, B, C Mfpad khj;jpuk;. 
 (3) A, B, D Mfpad khj;jpuk;. (4) A, C, D Mfpad khj;jpuk;. 

 (5) B, C, D Mfpad khj;jpuk;.    

36. Fwpg;gpl;l fha;fwpg; gapnuhd;wpd; Ntu;j;njhFjpapd; Mok; 400 mm MFk;. ngwj;jf;f nkhj;j ePupd; 

msthd 60 mm ,y;> 50% Fiwtile;j gpd;du; kz;Zf;F ePu;g;ghrdk; nra;ag;gLk;. Njwpa ePu;j; 

Njitapd; msT     

(1) 200 mm     (2) 120 mm     (3) 75 mm    (4) 60 mm    (5) 30 mm      

37. cw;gj;jpr; nrad;Kiw njhlu;ghf gpd;tUk; juTfisf; fUJf. 

A+upah (kg) 1 2 3 4 5

tpisr;ry; (kg) 20 50 90 140 180

    4kg A+upahit ,Lk;NghJ fpilf;Fk; ruhrup cw;gj;jp> A+upahit 4kg ,ypUe;J 5kg Mf mjpfupf;Fk; 

Nghjhd vy;iy cw;gj;jp Mfpad KiwNa        

 (1) 35, 40    (2) 35, 35   (3) 35, 50    

 (4) 40, 35   (5) 40, 50      

38. jho;ehl;Lg; gpuNjrq;fspy; nghypj;jPd; $lhuq;fis mikf;Fk;NghJ ftdj;jpw; nfhs;s Ntz;ba 

gpujhd fhuzp>     

(1) rhuPug;gjidf; Fiwj;jy;.        (2) ntg;gepiyiaf; Fiwj;jy;.     
(3) gPilg;G+r;rpfspd; Nrjj;ijf; Fiwj;jy;.     (4) Neha; Vw;gliyf; Fiwj;jy;.      
(5) fhw;wpd; jhf;fj;jpidf; Fiwj;jy;.         
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39. jhtug; Nghrizg; gjhu;j;jq;fspd; capu;g;ghd mfj;JwpQ;ry; gw;wpa $w;Wfs; ,uz;L tUkhW.   

A - nrwpTg; gbj;jpwDf;F vjpuhf Nghrizg; nghUl;fs; mfj;JwpQ;rg;gLk;.     

B - Nghrid nghUs; mfj;JwpQ;ry; nrad;Kiwf;F rf;jp (ATP) gad;gLj;jg;gLk;.  
 Nkw;gb $w;Wfspy;>   

(1) A  cz;ik B cz;ikad;W.  

(2) A  cz;ikad;W B cz;ikahFk;. 

(3) A, B Mfpad cz;ikahf miktJld; A apd; %yk; B tpsf;fg;gLk;.  
(4) A, B Mfpad cz;ikahf miktJld; B apd; %yk; A tpsf;fg;gLk;. 
(5) A, B Mfpad cz;ikad;W. NkYk; B, A Mfpatw;Wfpilapy; njhlu;NgJk; ,y;iy.  

40. fisfs; gw;wpa rupahd $w;W     

 (1) Mo cOtjd; %yk; Panicium repens ,idf; fl;Lg;gLj;jyhk;. 
(2) G+r;rpfs;> Nehahf;fpfs; Mfpatw;wpd; ,il tpUe;Jtoq;fpahf vy;yhf; fisfs; njhopw;gLk;.  

(3) jfhj fhyj;ijf; fopf;ff;$ba tpj;Jf;fisf; nfhz;l fisfisf; fl;Lg;gLj;JtJ fbdkhFk;.  

(4) ,ypq;f Kiw> ,ypq;fkpy; Kiw ,dg;ngUf;fk; nfhz;l fisfisf; fl;Lg;gLj;JtJ fbdkhFk;.    

(5) vy;yhf; fisfisAk; ePupd; fPo; mkpo;j;jp mopf;f KbAk;.    

41. capupay; Kiwg; gPilf; fl;Lg;ghL gw;wpa $w;Wfs; rpy tUkhW.      

A - xl;Lz;zpg; G+r;rpfspd; epiwTlyp> Flk;gp Mfpa ,uz;L epiyfSk; vg;NghJk; capupay; 

fl;Lg;ghl;Lf;F cjTk;.        

B - tpUe;J toq;fpfis ,dq;fhz;gjw;F xl;Lz;zpfSf;F rpwg;ghd Mw;wy; fhzg;gl 

Ntz;Lk;.      
C -  ,iunfstpfs; jdpj;Jtkhd tpUe;J toq;fpiaf; nfhz;bUf;f Ntz;Lk;.      

D - Nehahf;fpfs; tha;> Nkw;Nwhy;> fhaq;fs; Mfpad Clhf gPilfspd; clypDs; nry;Yk;.    

 Nkw;gb $w;Wfspy; rupahdit      

 (1) A, B Mfpad khj;jpuk;. (2) A, C Mfpad khj;jpuk;.

 (3) B, C Mfpad khj;jpuk;. (4) B, D Mfpad khj;jpuk;.

 (5) C, D Mfpad khj;jpuk;.    

42. Nfhopg; gz;iznahd;wpd; ntspaPLfspd; msT mjpfupf;fr; ruhrupr; nryT FiwtilfpwJ vd 

mtjhdpf;fg;gl;lJ. ,t;thwhd epiyikapy; vy;iyr; nryT>    

 (1) FiwtilAk;.   
 (2) mjpfupf;Fk;. 
 (3) khWgLk;.
 (4) ruhrupr; nryit tpl Fiwthd ngWkhdj;ijf; nfhz;bUf;Fk;. 

 (5) ruhrupr; nryit tpl $ba ngWkhdj;ijf; nfhz;bUf;fk;.    

43. Mo; vz;nzapy; nghupf;fg;gl;l cztpd; gOjiljypy; cr;rstpYk;> ,optstpYk; nry;thf;Fr; 

nrYj;jf; $ba epyikfs; KiwNa>       

(1) Ez;zq;fpj; njhopw;ghL> ngsjpfr; Nrjq;fs;  

(2) Ez;zq;fpj; njhopw;ghL> iyg;Nghypw;Wf;F nehjpaj; njhopw;ghL       

(3) ,ypg;gpl;L xl;rpNaw;wk;> Ez;zq;fpj; njhopw;ghL      

(4) ,ypg;gpl;L xl;rpNaw;wk;> nehjpaf; fgpy epwkhjy;        
(5) nehjpak; rhuh fgpy epwkhjy;> iyypg;Nghwpw;wpf;F nehjpaj; njhopw;ghL   
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44. khztu; xUtu; fhiyapy; ghy; fwj;jiy njhlq;Fk;NghJk; ghy; fwe;J Kbf;Fk;NghJk; ghy; 

khjpupfs; ,uz;ilg; ngw;W A, B vdg; ngaupl;L gFg;gha;T nra;jhu;. me;j khjpupfspy; njspthf 

mtjhdpf;f $bad.          

(1) khjpup A apd; ,yf;Nuhrpd; msT khjpup B apYs;s ,yf;Nuhrpd; msit tpl mjpfkhFk;.    

(2) khjpup B apd; ,yf;Nuhrpd; msT khjpup A apYs;s ,yf;Nuhrpd; msit tpl mjpfkhFk;.            

(3) khjpup A apd; nfhOg;gpd; msT khjpup B apYs;s nfhOg;gpd; msit tpl mjpfkhFk;.          

(4) khjpup B apd; nfhOg;gpd; msT khjpup A apYs;s nfhOg;gpd; msit tpl mjpfkhFk;.             

(5) A, B Mfpa khjpupfs; ,uz;bYk; nfhOg;gpd; msT> ,yf;Nuhrpd; msT Mfpad rkkhFk;.  

45. <u - cyu; Fkpo; ntg;gkhdpapd; <u> cyu; Fkpo; thrpg;Gfspd; tpj;jpahrk; G+r;rpakhFk;NghJ> 

(1) jhtuq;fs; thLk;.  
(2) Mtpahjy; MtpAapu;g;G mjpfupf;Fk;. 

(3) gq;fR Neha; guTjy; mjpfupf;Fk;.  

(4) jhtuq;fs; thLtJld; gq;fR Neha; guTjy; mjpfupf;Fk;. 

(5) Mtpahjy; MtpAapu;g;G mjpfupg;gJld; gq;fR Neha; guTjYk; mjpfupf;Fk;.  

46. gpd;tUtdtw;wpy; fhyepiyg; gukhzq;fs; kw;Wk; jhtuj; njhopw;ghLfspy; Neubg; gq;fspg;G 

Mfpatw;iwf; nfhz;lJ rupahd Nru;khdk;   

(1)  kiotPo;r;rp> jz;L : Ntu; tpfpjk;   

(2)  xspapd; juk;> xspf;fhyj; J}z;lw;NgW   

(3) xsp fpilf;Fk; fhy msT> MtpAapu;g;G  

(4)  fhw;wpd; Ntfk;> Mtpahjy; MtpAapu;g;G  

(5)  xspr; nrwpT> Ntu; tsu;r;rp  

47. ePu;g;ghrdg; nghwpapayhsu; xUtupdhy; ePu;g;ghrdj; njhFjpnahd;iw epUkhdpg;gjw;fhd ePu;Kjiyj; 

njupT nra;Ak;NghJ gad;gLj;jf; $bad vd gpd;tUk; fhuzpfs; mwpKfg;gLj;jg;gl;ld.  

A - ePu;Kjypd; ePu;kl;lj;jpy; Vw;gLk; gUtfhy khw;wk;      

B - ePu;Kjypd; gUtfhyj;Jf;fhd ePu; tpisr;ry;    

 Nkw;gb ePu;Kjiyg; gad;gLj;jp ePu;ghrdj; jpl;lj;ij mikf;Fk;NghJ>    

(1) A  kl;Lk; Kf;fpakhf mikAk;.  

(2) B  kl;Lk; Kf;fpakhf mikAk;. 

(3) A, B  Mfpad Kf;fpakhf mikAk;.  

(4) A, B Mfpad Kf;fpakhf miktJld; A apy; B jq;fpapUf;Fk;.
(5) A, B Mfpad Kf;fpakhf miktJld; B apy; A jq;fpapUf;Fk;.  

48. Kjw; gz;gLj;jy; njhlu;ghd $w;Wfs; ,uz;L tUkhW.   

A - ,Wf;fkile;Js;s kz; jpwf;fg;gLk; my;yJ Gul;lg;gLk;.     

B - fisfs;> gapu; mbf;fl;ilfs; Mfpad mfw;wg;gl;L kz; kl;lg;gLj;jg;gLk;.   

 ,e;jf; $w;Wfspy;>   

(1) A  rupahf miktJld; B gpioahFk;.  
(2) A  gpioahf miktJld; B rupahFk;. 
(3) A, B Mfpa ,uz;L $w;WfSk; rupahditahFk;.  

(4) A, B Mfpa ,uz;Lk; gpioahFk;. 

(5) A, B Mfpa ,uz;Lk; rupahf miktJld; B %ykhf A tpsf;fg;gLk;.
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49. kz; gf;fg;ghu;it gw;wpa $w;Wfs; ,uz;L tUkhW.  

A - kz; gf;fg;ghu;it %ykhf kz; tyaq;fspy; epfOk; tz;lyhf;fk; (eluviation), fOtpnaLj;jy; 

(illuviation) Mfpa nrad;Kiwfis ,dq;fhzyhk;.   

B - nfhs;sy; nrad;Kiw %ykhf mjpf fdpg;nghUl;fs; ''A'' gilapy; Njq;Fk;.   

 Nkw;gb $w;Wfspy;   

(1) A  rupahd miktJld; B gpioahdjhFk;.  
(2) B  rupahf miktJld; A gpioahdjhFk;. 
(3) A, B Mfpa ,uz;L $w;WfSk; rupahditahFk;.  

(4) A rupahf miktJld; B apd; %yk; A tpsf;fg;gLk;. 
(5) B rupahf miktJld; A apd; %yk; B tpsf;fg;gLk;.  

÷  tpdh ,y. 50 ,w;F tpilaspg;gjw;F gpd;tUk; $w;W> fhuzk; Mfpatw;iwg; gad;gLj;Jf. 

$w;W  (-  xd;wpize;j Ntshz;ik epiyNgwhd tptrha KiwahFk;.

fhuzk;  (-  Fiwthd ciog;G Njitg;gLtNj mjw;fhd fhuzkhFk;.

50. Nkw;gb $w;W> fhuzk; Mfpatw;wpy; 

(1)  $w;W> fhuzk; ,uz;Lk; rupahf miktJld; $w;W> fhuzk; %ykhf tpsf;fg;gLk;.

(2)  $w;W> fhuzk; ,uz;Lk; rupahf miktJld; $w;W> fhuzk; %ykhf tpsf;fg;glhJ. 

(3)  $w;W rupahdJ fhuzk; gpioahdJ.

(4)  $w;W gpioahdJ Mdhy; fhuzk; rupahdJ.

(5)  $w;W fhuzk; Mfpa ,uz;Lk; gpioahdit.  

* * *
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(08) tptrha tpQ;Qhdk;

tpdhj;jhs; II
mwpTWj;jy;fs; :

 *   A gFjpapy; cs;s vy;yh tpdhf;fSf;Fk; tpil vOJf.

 *   B gFjpapy; ehd;F tpdhf;fSf;F kl;Lk; tpil vOJf. 

gFjp A - mikg;Gf; fl;Liu

01.   (A)  gy;NtW thdpiyj; juTfisg; ngWtjw;F <u-cyu; Fkpo; ntg;gkhdp cau;T> ,opT 

ntg;gkhdp Mfpad ];uPtd;]d; kiwg;gpDs; itf;fg;gLk;. 

(i) Nkw;gb cgfuzq;fs; ];uPtd;rd; kiwg;gpDs; itf;fg;gLtjd; fhuzj;ijf; Fwpg;gpLf. 

.............................................................................................................................................
 ^04 Gs;spfs;&

(ii)  cyu;Fkpo; ntg;gkhdp thrpg;Gf;Fr; rhu;ghf <uf;Fkpo; ntg;gkhdpapd; thrpg;G Fiwthd 

ngWkhdj;ijf; nfhz;bUg;gjw;fhd fhuzj;ijf; Fwpg;gpLf.  

.............................................................................................................................................
 ^04 Gs;spfs;&

(iii) khztnuhUtupdhy; cyu;> <u Fkpo; ntg;gkhdpfspd; thrpg;Gfs; rkkhf fhzg;gl;lik 

mtjhdpf;fg;gl;lJ. ,e;jf; Fiwghl;Lf;fhd fhuzk; mf;Fiwghl;ilr; rPu;gLj;jy; 

Mfpatw;iwf; Fwpg;gpLf. 

Fiwghl;Lf;fhd fhuzk;  Fiwghl;ilr; rPu;nra;jy;  

................................................. ^04 Gs;spfs;& ................................................. ^04 Gs;spfs;&

(iv)  thrpg;G ngwg;gl;l gpd;du; cau;T> ,opT ntg;gkhdpia kPz;Lk; jahu;gLj;Jk; 

Kiwiaf; Fwpg;gpLf. 

.............................................................................................................................................
 ^04 Gs;spfs;&

(B)  gapu;nra; epyq;fspd; gyd;jU jd;ikia mjpfupg;gjw;F kz;iz epiyNgwhf Kfhik 

nra;tJ Kf;fpakhdjhFk;. 

(i)  kz;zpd; cw;gj;jpj; jpwDf;F kz; gf;fg;ghu;itapYs;s  A tyaj;jpd; Kf;fpaj;Jtj;ijf; 

Fwpg;gpLf.  

     .............................................................................................................................................
 ^04 Gs;spfs;&

(ii)  kz;zpd; epwj;jpd; %ykhf KbTf;F tuj;jf;f Kf;fpa jfty;fs; ,uz;ilj; jUf.

(1)  ....................................................................................................................^02 Gs;spfs;&
(2)  ....................................................................................................................^02 Gs;spfs;&

(iii)  tsq;Fd;wpa Nkl;Lepy kz;zpy; fhzj;jf;f ,ay;Gfs; ,uz;ilf; Fwpg;gpLf. 

(1)  ....................................................................................................................^02 Gs;spfs;&
(2)  ....................................................................................................................^02 Gs;spfs;&
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(C)  ePukhdp Kiwf;fika kz; ,ioaikg;igj; jPu;khdpf;Fk;NghJ khztnuhUtuhy; gpd;tUk; 

thrpg;Gfs; ngwg;gl;ld. 

• kz; khjpupapd; <u epiw                 - 50 g 

• <uypg;Gf; fhuzp                 - 1.004 

• ,uz;L epkplj;jpd; gpd; kz;fspy; jpUj;jg;gl;l ePukhdp thrpg;G                         -  12.43 

• ,uz;L epkplj;jpd; gpd; fl;Lg;ghl;Lg; gupNrhjidapd; jpUj;jg;gl;l ePukhdp thrpg;G      -  2.00

(i)   kz; khjpupapd; cyu; jpzpitf; fzpf;f.

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

..........................................................................................................................(04 Gs;spfs;)

(ii)  fsp> milay; rjtPjj;ijf; fzpf;f.

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

..........................................................................................................................(04 Gs;spfs;) 

(iii)  kzy; rjtPjj;ijf; fzpf;f.

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

..........................................................................................................................(04 Gs;spfs;)

(iv)  milay; rjtPjk; 8.9% vdpd; fspkz; rjtPjj;ijf; fzpf;f. 

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

..........................................................................................................................(04 Gs;spfs;) 

(v)  jug;gl;Ls;s ,ioaikg;G Kf;Nfhzpiag; gad;gLj;jp kz; khjpupapd; cupa 

,ioaikg;G tFg;igf; Fwpg;gpLf.

milay; 

,Uthl;b

milay;

milay;

kzy; tPjk;

f
s
pr
; 
r
j
t
Pj
k
;

m
i
l
a
y
; 
r
j
t
Pj
k
;

kzy;
,Uthl;b

kzy;
kzy; ,Uthl;b

fsp ,Uthl;b

fsp

,Uthl;b

milay; ,Uthl;b

milay;
fsp

m
i
la
w;

fs
p

kzy;

fsp

m
i
law;

fs
p

.........................................................................................................................(04 Gs;spfs;)
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(D)  flw;nwhopy; kw;Wk; fhy;eilfs; Jiw mgptpUj;jpapd;NghJ Kf;fpakhf mikAk; mur 

epWtdq;fs; %d;iwf; Fwpg;gpLf.   
(1)  ..........................................................................................................................(04 Gs;spfs;)  
(2)  ..........................................................................................................................(04 Gs;spfs;)
(3)  ..........................................................................................................................(04 Gs;spfs;)

(E)  jhtu tsu;r;rpf;Fj; Njitahd %yfq;fs; jhtu Nghrizg; gjhu;j;jq;fs; vdg;gLk;.

(i)  VNjDk; %yfnkhd;W mj;jpahtrpa %yfkhff; fUjg;gl gad;gLj;jg;gLk; ,ay;Gfs; 

%d;iwf; Fwpg;gpLf.  

(1)  ....................................................................................................................(02 Gs;spfs;)
(2)  ....................................................................................................................(02 Gs;spfs;) 
(3)  ....................................................................................................................(02 Gs;spfs;)

(ii)  %yfnkhd;W mirAk; %yfkhff; fUjg;glf; fhuzk; xd;iwf; Fwpg;gpLf. 

..........................................................................................................................(02 Gs;spfs;)

(iii)  gpd;tUk; mj;jpahtrpa %yfk; xt;nthd;wpdJk; njhopw;ghL xt;nthd;iwf; Fwpg;gpLf.

 %yfk;  njhopw;ghL  

(1) nghRguR  ...........................................................................    (04 Gs;spfs;) 
(2) nghl;lhrpak;  ...........................................................................    (04 Gs;spfs;) 

(iv)  gpd;tUk; xt;nthU jhtu Nghrizf; Fiwghl;il eptu;j;jp nra;tjw;fhd xt;nthU 

,urhadg; gris tifiaf; Fwpg;gpLf. 

(1) jhdpa tifj; jhtuq;fspd; ,iy Cjh epwkhjy;

  ..............................................................................................................      (02 Gs;spfs;)
(2)  Kjpu;e;j ,iyfs; kQ;rs; epwkhtJld; tpfhukile;j G+f;fSk; fha;fSk; cUthjy;.  

..............................................................................................................      (02 Gs;spfs;)
(3)  ,iy tpspk;G kQ;rs; epwkhd vupe;j mikg;igg; ngWjy;

  ..............................................................................................................      (02 Gs;spfs;)
(4)  Kidg; gFjp KWf;Fz;L tpfhukiljy;

  ..............................................................................................................      (02 Gs;spfs;)

(F)  tptrhaj;jpd;NghJ jukhd eLifg; nghUl;fisg; ngWtjw;F ehw;WNkil El;gKiw Kf;fpakhFk;. 

                       

ehw;W Nkil
kur; rl;lfk;

Nghrizf; fiurypy; itf;fg;gl;l

];nghd;[; Jz;Lfs;

               P      Q 
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(i) Nkw;gb ''P'' > ''Q'' Mfpa tupg;glq;fs; %ykhf fhl;lg;gLk; ehw;WNkil tiffs; 

,uz;ilAk; ngaupLf.

(1)   P  -  ......................................................................................................... (02 Gs;spfs;)
(2)  Q  -  ......................................................................................................... (02 Gs;spfs;)

(ii)  ehw;WNkil ''P'' apy; eLif Clfkhfg; gad;gLj;jg;gLk; gjhu;j;jq;fs; ,uz;ilg; 

ngaupLf. 

(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;)

(iii)  ehw;WNkilg; ghj;jpfspy; ehw;wplg; nghUj;jkw;wJk; ehw;WNkil "P" apy; ,Ltjw;Fg; 
nghUj;jkhdJkhd gapu; tpj;J tiffs; ,uz;ilg; ngaupLf. 

(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;) 

(iv)  NkNy Fwpg;gpl;l gapu; tpj;Jfs; ehw;WNkilg; ghj;jpapy; ,Ltjw;Fg; nghUj;jkw;wjhf 
,Uf;ff; fhuznkhd;iwf; Fwpg;gpLf.  

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

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

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

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

.............................................................................................................................................
   (02 Gs;spfs;)

 (v)  "Q" vDk; ehw;WNkilapy; gad;gLj;jg;gLk; Nghrizf; fiuriyg; ngaupLf. 

......................................................................................................................... (02 Gs;spfs;) 
02.  (A)  nghJthfg; gad;gLj;jg;gLk; jhtu ,dg;ngUf;f Kiw cUtpy; fhl;lg;gl;Ls;sJ. 

      
  (i)  ,e;j ,dg;ngUf;f Kiwiag; ngaupLf. 

.......................................................................................................................... (02 Gs;spfs;) 

(ii)  Nkw;gb ,dg;ngUf;fKiw %ykhf mjpfstpy; ,dg;ngUf;fg;gLk; gokuq;fs; ,uz;ilg; 

ngaupLf.  
(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;) 

(iii) Nkw;gb ,dg;ngUf;f Kiwapd;NghJ Ntu;fs; cUthff; fhuzkhd clw;nwhopypay; 

nrad;Kiwisf; Fwpg;gpLf.  
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
  (04 Gs;spfs;) 
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(iv)  Vida gjpaKiw ,dg;ngUf;f KiwfSld; xg;gpLifapy; Nkw;gb ,dg;ngUf;f 

Kiwapd; mD$yq;fs; ,uz;ilf; Fwpg;gpLf.  
(1)  ................................................................................................................... (04 Gs;spfs;)
(2)  ................................................................................................................... (04 Gs;spfs;)

(B)  gy;NtW gapu;fis ,dg;ngUf;Ftjw;F gy;NtW gjpaKiw ,dg;ngUf;f Kiwfs; 

gad;gLj;jg;gLk;. 

(i)   gpd;tUk; gapu;fSf;F kpfg; nghUj;jkhd gjpaKiw ,dg;ngUf;f Kiw xt;nthd;iwf; 

Fwpg;gpLf.  
(1)  Nuhrh       ..............................................................................    (02 Gs;spfs;)
(2)  ngNfhzpah   ..............................................................................    (02 Gs;spfs;)
(3)  kh   ..............................................................................    (02 Gs;spfs;) 
(4)  wk;Gl;lhd;   ..............................................................................    (02 Gs;spfs;)

(ii)  ,uz;L my;yJ mjw;F Nkw;gl;l jhtuq;fspd; rhjfkhd ,ay;Gfis ,izj;J 

jdpj;jhtukhf tsur; nra;Ak; gjpaKiw ,dg;ngUf;f Kiwiaf; Fwpg;gpLf.  
.............................................................................................................................................
  (04 Gs;spfs;)

(iii)  Ntu;j;jz;Lf;fpoq;F> jz;Lf; fpoq;F Mfpatw;Wf;F ,ilapyhd gpujhd NtWghLfs; 

,uz;ilf; Fwpg;gpLf.  
(1)  ................................................................................................................... (04 Gs;spfs;) 
(2)  ................................................................................................................... (04 Gs;spfs;)

(C)  nghUj;jkhd ePu;g;ghrd Kiwiaj; jpl;lkpLk;NghJ gy;NtW fhuzpfs; ftdj;jpw; 

nfhs;sg;gLk;. 

(i)  J}ty; ePu;g;ghrd Kiwikf;nfd ePu;g;gk;gpiaj; njupT nra;Ak;NghJ ftdj;jpw; nfhs;s 

Ntz;ba Kf;fpa fhuzpfs; ,uz;ilf; Fwpg;gpLf. 

(1)  ................................................................................................................... (04 Gs;spfs;)
(2)  ................................................................................................................... (04 Gs;spfs;)

(ii)  gapu;nra; epynkhd;wpd; nkhj;j ePu;g;ghrdj; Njit 20 cm ck; epyj;jpd; ePupog;G 5 cm 
MFk;. gpd;tUtdtw;iwf; fzpf;f.

(a)  Njwpa ghrdj; Njit 

 ...................................................................................................................... 
 ................................................................................................................... (04 Gs;spfs;)

(b)  ePu;g;ghrd tpidj;jpwd;    
 ...................................................................................................................... 
 ................................................................................................................... (04 Gs;spfs;)

(iii)  njhlu;r;rpahd Nkyjpf ePu;g;ghrdj;jpd; %yk; epfof;$ba #oypay; gpur;rpid xd;iwf; 

Fwpg;gpLf. 

......................................................................................................................... (04 Gs;spfs;)

(iv)  Nkw;gb gpur;rpidiaj; jPu;g;gjw;fhd khw;Wtopiaf; Fwpg;gpLf. 
......................................................................................................................... (04 Gs;spfs;)
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(D) gpd;tUk; jhtu XNkhd;fspd; gpujhd njhopw;ghl;ilf; Fwpg;gpLf. 

XNkhd; gpujhd njhopw;ghL

(i) [pguyPd; (02 Gs;spfs;) 

(ii) xl;rpd; (02 Gs;spfs;) 

(iii) irw;Nwhifdpd; (02 Gs;spfs;) 

(iv) vjpypd; (02 Gs;spfs;) 

(v) mg;rprpf;fkpyk; (02 Gs;spfs;) 

(E)  etPd jhtu ,dtpUj;jp Kiwfspy; mD$yq;fSk;> gpujp$yq;fSk; cs;sd. 

(i)  kPs; ,izg;G (Re combinding) DNA njhopDl;gj;jpid tiuaWf;f.  
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
.............................................................................................................................................
 (04 Gs;spfs;) 

(ii)  guk;giuayFj; jpupT Vw;gLj;jg;gl;l czTfspd; mD$yq;fs;> gpujp$yq;fs; ,uz;L 

tPjk; Fwpg;gpLf. 

 (1)  mD$yq;fs; 

(a)  ............................................................................................................ (02 Gs;spfs;) 
(b)  ............................................................................................................ (02 Gs;spfs;) 

(2)  gpujp$yq;fs;
(a)  ............................................................................................................ (02 Gs;spfs;) 
(b)  ............................................................................................................ (02 Gs;spfs;) 

(F)  tu;j;jf uPjpahd tptrhaj;jpy; ghJfhg;Gf; fl;likg;Gfs; mjpfstpy; gad;gLj;jg;gLk;.  

(i)  gpd;tUk; xt;nthU gapUf;Fk; kpfg; nghUj;jkhd ghJfhg;Gf; fl;likg;G xt;nthd;iwf; 

Fwpg;gpLf.  
(a)  ngy; ngg;gu; (Fil kpsfha;) ...................................................................... (02 Gs;spfs;)  
(b)  Njapiy ehWNkil           ........................................................................ (02 Gs;spfs;) 

(ii)  jw;fhypf ,dg;ngUf;ff; fl;likg;Gfisg; gad;gLj;Jtjd; Nehf;fj;ijf; Fwpg;gpLf. 
......................................................................................................................... (04 Gs;spfs;)   

(G)  efu;g;Gw tptrhaj;jpy; kz;zpd;wpa gapu;r;nra;if kpfg; gpugy;akhdjhFk;. 

(i)  efu;g;Gw tptrhaj;jpy; kz;zpd;wpa gapu;nra;if gpugy;akilaf; fhuzk; ahJ?  
......................................................................................................................... (04 Gs;spfs;) 

(ii)  ,yq;ifapy; mjpfstpy; gad;gLj;jg;gLk; kz;zpd;wpa gapu;r;nra;if Kiwfs; 

,uz;ilf; Fwpg;gpLf. 
(1)  ................................................................................................................... (04 Gs;spfs;) 
(2)  ................................................................................................................... (04 Gs;spfs;) 
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03.  (A)  gPilf;fl;Lg;ghl;Lf;F gPilehrpdpfs; gpuNahfpf;fg;gLk;. ,jw;nfd njspfUtpfs; gad;gLj;jg;gLk;. 

(i)  gPilehrpdpfis tprpwg; gad;gLj;jg;gLk; njspfUtpfspd; tiffs; ,uz;ilf; 

Fwpg;gpLf. 

(1)  ................................................................................................................... (04 Gs;spfs;) 
(2)  ................................................................................................................... (04 Gs;spfs;) 

(ii) njspfUtpfis msit jpUj;jk; nra;Ak;NghJ Njitahd juTfs; ,uz;ilg; 

ngaupLf. 

(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;) 

(iii) gPilehrpdpfis tprpw Kd;gjhf tptrhapnahUtu; %ykhff; iff;nfhs;sg;gl Ntz;ba 

ghJfhg;G eilKiwfs; ,uz;ilf; Fwpg;gpLf. 

(1)  ................................................................................................................... (02 Gs;spfs;)   
(2)  ................................................................................................................... (02 Gs;spfs;) 

(B) gapu;nra; epyj;jpy; fhzj;jf;f fisfs; rpy tUkhW  
A – Mimosa pigra  
B – Cypres rotandus
C –  Ageratum conyzoids 
D  –  Panicum maximum

NkNy jug;gl;l fisfspd; cjtpAld; gpd;tUk; tpdhf;fSf;F tpil vOJf. 

(i)   epyf;fPo;g; ghfj;ijf;; nfhz;l Nfhiu tiff;Fupa fistifiag; ngaupLf. 

......................................................................................................................... (02 Gs;spfs;)  

(ii)    fl;Lg;gLj;Jtjw;Ff; fbdkhd Gy;tiff; fisnahd;iwg; ngaupLf. 
......................................................................................................................... (02 Gs;spfs;) 

(iii)   Mf;fpukpg;Gf; fis tifnahd;iwg; ngaupLf. 

......................................................................................................................... (02 Gs;spfs;) 
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(C)  gPilfisf; fl;Lg;gLj;Jtjw;nfd mtw;iw rupahf ,dq;fhz;gJ Kf;fpakhFk;. G+r;rpfspd; 

gpd;tUk; ,ay;GfSf;fika mtw;Wf;Fupa tUzk; mt;tt; tUzj;jpy; mlq;Fk; tptrha 

Kf;fpaj;Jtk; nfhz;l G+r;rpapd; ngau; xt;nthd;iw vOJf.

,ay;G tUzk; gPil

,uz;L Nrhbr; nrl;ilfs; 

cs;sd. Kw;Nrhb  ,wF 

jbg;gile;Js;sJ. 

neQ;riwapy; %d;W Nrhb 

fhy;fs; cs;sd. Flk;gpfs;> 

epiwTlyp Mfpad 

ntl;bAz;Zk; thAWg;igf; 

nfhz;ld.

(i)  .........................................

(02 Gs;spfs;) 

(ii) .........................................

(02 Gs;spfs;) 

,uz;LNrhb nrl;ilfspy; 
Kw;Nfhb ,wFfs; rPuhf 
jbg;gile;Js;sJld; mit 
gwg;gjw;F cjTtjpy;iy. 
gha;tjw;fhd ,irthf;fk; 
nfhz;ljhf gpw;Gwf; fhy;fs; 
mike;Js;sd. mzq;F 
epiwTlyp Mfpad 
ntl;bAz;Zk; thAWg;igf; 
nfhz;Ls;sd.  

(iii) .......................................

(02 Gs;spfs;) 

(iv) ........................................

(02 Gs;spfs;) 

epiwTlypapd; Kd; 

,wf;iffs; nkd;rt;thf 

cs;sJld; ,uz;lhtJ 

nrl;il nfhOtpahf 

jpupgile;Js;sJ. Flk;gpfs; 

gapu;fisj; jhf;Fk;.

(v) .........................................

(02 Gs;spfs;) 

(vi) ........................................

(02 Gs;spfs;) 

epiwTlypapy; nrTs; 

jd;ikahd Nrhbr; nrl;ilfs; 

fhzg;gLk;. Flk;gp ntl;b 

cz;Zk; thAWg;igf; 

nfhz;Ls;sNghJk; 

epiwAlyp RUspAUthd 

rhw;iw cwpQ;rpf; Fbf;Fk; 

mikg;igf; nfhz;Ls;sJ.

(vii) ......................................

(02 Gs;spfs;) 

(viii) ....................................

(02 Gs;spfs;) 

(D)  ,y (i), (ii) Mfpatw;Wf;F tpilaspf;f gpd;tUk; tupg;glj;ijg; gad;gLj;Jf. 

    

Y

X 

(i)  njhFjp "X" ,y; mlq;Fk; czT tiffs; ,uz;ilg; ngaupLf. 

(1)  ................................................................................................................... (02 Gs;spfs;)   
(2)  ................................................................................................................... (02 Gs;spfs;)   
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(ii)  czTj; njhFjp "Y" %yk; toq;fg;gLk; ngUk; Nghrizg; gjhu;j;jq;fs; ,uz;ilg; 

ngaupLf. 

(1)  ................................................................................................................... (02 Gs;spfs;)    
(2)  ................................................................................................................... (02 Gs;spfs;)   

(E)  my;Y}l;lk; ,yq;ifapy; cf;fpukhd Nghrizg; gpur;rpidahf cUntLj;Js;sJ. 

(i)  FiwNghrizf;F VJthd fhuzpfs; ehd;ifg; ngaupLf.  
(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;)  
(3)  ................................................................................................................... (02 Gs;spfs;)    
(4)  ................................................................................................................... (02 Gs;spfs;)    

(ii)  ,yq;ifapy; fhzj;jf;f gpujhd Ez;Nghrizf; Fiwghl;L tiffs; ,uz;ilg; 

ngaupLf.   
(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;) 

(iii)  mjpf clw;gUkd; fhuzkhf ghlrhiy khztu;fspy; Vw;glf;$ba Nghrizr; rpf;fy;fs; 

,uz;ilf; Fwpg;gpLf.  
(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;) 

(F)  fhyepiy khw;wq;fspd; nry;thf;fpidf; Fiwg;gjw;F epiwNgwhd tptrha eilKiwfs; 

Kf;fpakhditahFk;.  

(i)  tptrhaj;jpy; epiyNgwhd ts Kfhikj;Jtj;ij tiuaWf;f.  

     ............................................................................................................................
............................................................................................................................
............................................................................................................................
............................................................................................................................
             (04 Gs;spfs;) 

   (ii)  epiyNgwhd gapu;r;nra;iff; Nfhyq;fs; ,uz;ilg; ngaupLf.  
(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;) 

(G)  (i) gOf;Fk; nrad;Kiwf;fika goq;fis ,uz;L tiffshf tifg;gLj;jyhk;. me;j 

tiffs; ,uz;ilAk; ngaupLf.     
(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;)    

(ii)  gpd;tUk; goq;fSf;fhd rpwg;ghd Kjpu;r;rpf; Fwpfhl;bfisf; Fwpg;gpLf.   
 gotif  Kjpu;r;rpf; Fwpfhl;b 

(a) kh   ...........................................................................    (02 Gs;spfs;)   
(b) Njhil   ...........................................................................    (02 Gs;spfs;)   
(c) thio  ...........................................................................    (02 Gs;spfs;) 
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(iii) gpd;tUk; mWtilf;Fg; gpe;jpa nraw;ghLfSf;fhd xt;nthU fhuzj;ijf; Fwpg;gpLf. 

 mWtilf;F gpe;jpa nraw;ghL  fhuzk; 

(a) fha;fspd; Nkw;gug;gpYs;s ghiyf; fOTjy;    .....................................     (02 Gs;spfs;)  
(b) goq;fisf; Fspuhd ePupy; fOTjy;       .....................................     (02 Gs;spfs;) 
(c) Kjpu;r;rpj; jd;ikf;fika goq;fisj; jug;gLj;jy; .....................................  (02 Gs;spfs;) 

(iv)  tptrha cw;gj;jpfspd; MAl;fhyj;ijj; jPu;khdpf;Fk;NghJ fsQ;rpa epiyikfs; 

Kf;fpakhFk;. gpd;tUk; cw;gj;jpfisf; fsQ;rpag;gLj;Jk;NghJ fl;Lg;gLj;jg;gl 

Ntz;ba kpf Kf;fpakhd fsQ;rpa epiyikfisf; Fwpg;gpLf. 

 cw;gj;jp nghUs;  fsQ;rpa epiyik 

(a) ney;  ...........................................................................     (02 Gs;spfs;) 
(b) ntq;fhak; ...........................................................................     (02 Gs;spfs;) 
(c) cUisf;fpoq;F      ...........................................................................     (02 Gs;spfs;) 

(H)  tptrha eltbf;iffspd;NghJ gad;gLj;jg;gLk; ghu thfdq;fspd; %ykhf Vw;gLk; mjpf 

,iur;ry; ngsjpf ,luhFk;.

(i)  ,ae;jpuq;fspypUe;J mjpf xyp vOtjw;fhd fhuzq;fs; ,uz;ilf; Fwpg;gpLf. 

(1)  ................................................................................................................... (02 Gs;spfs;) 
(2)  ................................................................................................................... (02 Gs;spfs;)   

(ii) mjpf xyp fhuzkhf Vw;gLk; tpisTfs; ,uz;ilf; Fwpg;gpLf.   
(1)  ................................................................................................................... (02 Gs;spfs;)   
(2)  ................................................................................................................... (02 Gs;spfs;)  

04.  (A)  khL> Nfhop Mfpatw;wpd; czTr; rkpghl;Lj; njhFjpapd; gFjpfs; fPNo jug;gl;Ls;sd. 

mtw;wpy; xNu khjpupahd njhopy;fis Nkw;nfhs;Sk; gFjpfis rupahf mk;GFwp %yk; 

,izj;Jf; fhl;Lf.

khl;bd; czTf; fhy;tha;j; njhFjp  Nfhopapd; czTf; fhy;tha;j; njhFjp  

(1) tha;f;Fop   Kd;dpiug;ig                           (02 Gs;spfs;)   
(2) mirA+z; tapW   fz;lg;ig                                 (02 Gs;spfs;)  
(3) rpWtiy   rpWFly;                                    (02 Gs;spfs;) 
(4) Kw;rpWFly;  ngUq;Fly;                               (02 Gs;spfs;) 

(B)  gRf;fspypUe;J ghy;fwf;f Kd;gjhf> gz;izahsupdhy; khl;Lj;njhOtk; Rj;jk; nra;ag;gl;L> 

kbiaf; fOTjy;> Kiyfhk;Gfisj; Jilj;jy; Mfpad Nkw;nfhs;sg;gl;ld. ];upg;fg; 

Nrhjid Nkw;nfhs;sg;gl;L ,Wjpapy; 06 epkplq;fspy; ghy; fwe;J Kbf;fg;gl;lJ. gpd;tUk; 

nraw;ghLfSf;fhd gpujhd fhuzk; xt;nthd;iwf; Fwpg;gpLf.  

                   nraw;ghLfs; fhuzk; 
(i)  khl;Lj; njhOtk;> ghy;kb Mfpatw;iwr; 

 Rj;jk; nra;jy;    -  ..........................................     (02 Gs;spfs;)  

(ii)  Kiyf;fhk;Gfisj; Jilj;jy;  -  ..........................................     (02 Gs;spfs;)  

(iii)  ];upg;fg; Nrhjid  -  ..........................................     (02 Gs;spfs;)   

(iv)  06 epkplq;fspy; ghiyf; fwe;J Kbj;jy;  -  ..........................................     (02 Gs;spfs;)
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(C)  nraw;ifKiwapy; Kl;ilfis militg;gJld; xg;gpLifapy; ,aw;if Kiwapy; fl;Lg;ghLfs; 

cs;sd. mt;thwhd fl;Lg;ghLfs; %d;iwf; Fwpg;gpLf.   
(i)  ......................................................................................................................... (02 Gs;spfs;)  
(ii)  ......................................................................................................................... (02 Gs;spfs;)
(iii)  ......................................................................................................................... (02 Gs;spfs;)

(D)  nghUj;jkhd nrhw;fis ,l;L gpd;tUk; ge;jpiag; G+u;j;jpnra;f.
 gpwe;j gpd;du; Kjy; %d;W ehl;fSk; khl;L fd;WfSf;F (i) ............................... Cl;lg;gl 

Ntz;bajd; fhuzk; mJ (ii) ........................... eilngwhJ mfj;JwpQ;rg;gl;l $ba  

Nghrizg; nghUl;fisf; nfhz;bUj;jyhFk;. khl;Lf; fd;wpd; taJ 1 khjkhFk;NghJ 

ghy;Fb kwf;fr;nra;J (iii) ....................  (iv) ........................> (v) .................... Mfpad 

Cl;lg;gl Ntz;Lk;.  (5 × 2) 

(E)  khLfSf;F Vw;gLk; gw;wPupah Neha;fs; ,uz;ilg; ngaupLf. 

(1)  ......................................................................................................................... (02 Gs;spfs;)
(2)  ......................................................................................................................... (02 Gs;spfs;)

(F)  ,yq;ifapy; ghYw;gj;jpia mjpfupg;gjw;nfd fwitg; gRf;fs; ,wf;Fkjp nra;ag;gLfpd;wd. 

(i)  Nkw;gb Nehf;fq;fis miltjw;nfd ,wf;Fkjp nra;ag;gl;l khl;L tu;f;fq;fs; 

,uz;ilg; ngaupLf. 

(1)  ................................................................................................................... (02 Gs;spfs;)
(2)  ................................................................................................................... (02 Gs;spfs;)

(ii)  ,wf;Fkjp nra;ag;gl;l fwitg; gRf;fs; tsu;f;fg;gLk; ,yq;ifapd; mur gz;izfs; 

%d;iwg; ngaupLf.  
(1)  ................................................................................................................... (02 Gs;spfs;)
(2)  ................................................................................................................... (02 Gs;spfs;)
(3)  ................................................................................................................... (02 Gs;spfs;)

(iii)  ,e;j khl;L tu;f;fq;fspd; ghYw;gj;jpapy; nry;thf;Fr; nrYj;jf;$ba Kf;fpakhd  

fhyepiyg; gukhzq;fs; ,uz;ilg; ngaupLf. 

(1)  ................................................................................................................... (02 Gs;spfs;)
(2)  ................................................................................................................... (02 Gs;spfs;)

(iv)  ,e;j tpyq;FfSf;F nghUj;jkhd #oypay; epiyikfis Vw;gLj;Jtjw;nfd 

Nkw;nfhs;sf; $ba njhopDl;g cj;jpfs; ,uz;ilf; Fwpg;gpLf. 

(1)  ................................................................................................................... (02 Gs;spfs;)
(2)  ................................................................................................................... (02 Gs;spfs;)

(G)  (i) (1)  tzpf Kfhikj;Jt el;gKiwfs; ,uz;ilf; Fwpg;gpLf. 

(a)  ............................................................................................................ (02 Gs;spfs;)
(b) ............................................................................................................ (02 Gs;spfs;)
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(2)  Nkw;$wg;gl;l ,uz;L tzpf Kfhikj;Jt El;gKiwfspy;  
(a)  ,yq;ifapd; tptrha Kaw;rpfSf;F kpf cfe;j Kiwiag; ngaupLf.

  ............................................................................................................ (02 Gs;spfs;)
(b)  mjw;fhd fhuzj;ijf; Fwpg;gpLf.

  ............................................................................................................ (02 Gs;spfs;)

(3)  tzpfj; jpl;lj;jpd; $Wfs; ehd;iff; Fwpg;gpLf. 

(a)  ............................................................................................................ (02 Gs;spfs;)
(b)  ............................................................................................................ (02 Gs;spfs;)
(c)  ............................................................................................................ (02 Gs;spfs;)
(d)  ............................................................................................................ (02 Gs;spfs;)

(ii)  nfsg;gpapd; Nfs;tp> epuk;gy; rhu;Gfs; KiwNa P = 200 - 4QD, P = 6QS vd mike;jpUe;jJ. 

,q;F> 

P  = 1 kg ,d; tpiy (&ghapy;)   

QD =  tUlj;Jf;fhd Nfs;tpapd; msT (Mapuk; nk.njhd;) 

QS  =  tUlj;Jf;fhd epuk;gypd; msT (Mapuk; nk.njhd;) 

(1)  rkepiy tpiy> (&gha; / kg) njhif (nk.njhd;) 

(a)  rkepiy tpiy ........................................................................    (04 Gs;spfs;)
(b)  rkepiy njhif  ........................................................................    (04 Gs;spfs;)

(2)  murpdhy; 1kg nfsgpf;F 150/= cj;juthj tpiy toq;fg;gLkhapd; Nfs;tp> epuk;gy; 

Mfpatw;wpy; Vw;gLk; khw;wj;ijf; Fwpg;gpLf. 

(a)  Nfs;tpapy; Vw;gLk; khw;wk; ..............................................................  (04 Gs;spfs;)
(b)  epuk;gypy; Vw;gLk; khw;wk; ..............................................................   (04 Gs;spfs;) 

(H)  Nfhopapiwr;rp cw;gj;jpapy; gwitf; fha;r;ry; nry;thf;F nrYj;Jnkdf; nfhs;Nthk;. 

kPd;fspd; Nfs;tp> epuk;gypy; ,J vt;thW nry;thf;Fr; nrYj;Jk;. (kPd;> Nfhop ,iwr;rpf;fhd 

gpujpaPL vdf; nfhs;f.) 

 (khwhJ> tyg;Gwkhf ngau;r;rpailAk;> ,lg;Gwkhf ngau;r;rpailAk;> mjpfupf;Fk;> FiwAk;) 

(i) kPDf;fhd re;ijf; Nfs;tp tisap  ....................................................     (02 Gs;spfs;)
(ii) kPDf;fhd re;ij epuk;gy; tisap  ....................................................     (02 Gs;spfs;)
(iii) kPDf;fhd rkdpiy tpiy  ....................................................     (02 Gs;spfs;)

(I)  (i) fhyepiy khw;wq;fspy; nry;thf;Fr; nrYj;Jk; khdplr; nraw;ghLfs; ,uz;ilf; 

Fwpg;gpLf.  
(1)  ................................................................................................................... (02 Gs;spfs;)
(2)  ................................................................................................................... (02 Gs;spfs;)

(ii)  fhyepiy khw;wq;fs;; fhuzkhf kiotPo;r;rpf; Nfhyj;jpYk; guk;gypYk; Vw;glf;$ba 

khw;wq;fisf; Fwpg;gpLf. 

(1)  ................................................................................................................... (02 Gs;spfs;)
(2)  ................................................................................................................... (02 Gs;spfs;)
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gFjp B - fl;Liu 

05. (i)  ehw;WNkilf;Fg; nghUj;jkhd ,lnkhd;iwj; njupTnra;Ak;NghJ ftdj;jpw;nfhs;s Ntz;ba 

tplaq;fis tpsf;Ff.                                            (50 Gs;spfs;)
(ii)  fd$ KiwAld; xg;gpLifapy; jpwe;jntsp Kiwapy; Kl;ilf; Nfhopfis tsu;g;gjpYs;s 

mD$y> gpujp$yq;fis tptupf;Ff.                                             (50 Gs;spfs;)
(iii)  gz;iz tpyq;F cw;gj;jpapy; ghjfkhd fhyepiy nry;thf;Fr; nrYj;Jk; tpjj;ij 

tptupf;f.                                             (50 Gs;spfs;)

06. (i) jhtu tsu;r;rpia mstpl ,iyfspd; Rl;biaj; Jzptjw;Fg; gad;gLj;jg;gLk; Kiwfs; 

,uz;il tpsf;Ff.                             (50 Gs;spfs;)

 (ii)  epyj;jpd; tptrha cw;gj;jpj; jpwdpy; kz;zupg;gpd; nry;thf;fpid tptupf;Ff.    (50 Gs;spfs;)

 (iii)  #ow;nwhFjpia ed;dpiyapy; NgZtjw;F epiyNgwhd tptrhaj;jpd; Kf;fpaj;Jtj;ij 

tpsf;Ff.                              (50 Gs;spfs;)

07. (i)  jhtu ,dtpUj;jp %ykhf guk;giuayF Nkk;ghL epfOk; tpjj;ij tpsf;Ff.      (50 Gs;spfs;)

 (ii) gapu;fSf;fhd ePu;ghrdj; Njitiaj; Jzptjw;F khztnuhUtu; gapu;nra; epyj;jpy; gpd;tUk; 

juTfisg; ngw;Wf;nfhz;lhu;. 

kz;zpd; taw;nfhs;ssT (epiwkhd)   =  40%

kz;zpd; thlw; Gs;sp (epiwkhd)   =  25% 

Ntu;j;njhFjpapd; Moy;  =  40 cm

FiwT kl;lk;   =  50%

(a) Njwpa ePu;ghrdj; Njitiaf; fzpf;f. 

(b) ePu;ghrd Kiwikapd; tpidj;jpwd; 60% vdpd;> mjd; nkhj;j ePu;ghrdj; Njitia fzpf;f.

(c) gapupd; Mtpahjy; MtpAapu;g;G ehnshd;Wf;F 4.8 mm vdpd; ePu;ghrd tpidj;jpwidf; 
fzpf;f.                                (50 Gs;spfs;)

    (iii) czT gOjiljypy; nry;thf;Fr; nrYj;Jk; ngsjpff; fhuzpfis tptupf;f.     (50 Gs;spfs;)

08. (i)  ,yq;ifapd; fha;fwp> goq;fspd; mWtilf;Fg; gpe;jpa ,og;G gUkl;lhf 40% nkd 

kjpg;gplg;gl;Ls;sJ. fha;fwpfs;> goq;fs; Mfpatw;wpNyw;gLk; mWtilf;Fg; gpe;jpa 

,og;Gf;fisf; Fiwf;fj;jf;f tpjj;ij tpsf;Ff.                                      (50 Gs;spfs;)

(ii)  1977 ,y; jpwe;j nghUshjhuf; nfhs;if mwpKfQ; nra;ag;gl;l gpd;du; ,yq;ifapd; tptrhaj; 

Jiwapy; Vw;gl;l khw;wq;fis tpsf;Ff.                                            (50 Gs;spfs;)

(iii)  ,yq;ifapd; tptrha tpisnghUl;fspd; re;ijg;gLj;jypd; tpidj;jpwidf; fl;Lg;gLj;Jk; 
tpjj;ij tpsf;Ff.                                     (50 Gs;spfs;)
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09. (i)  Nrw;Wepy new;nra;ifapy; Kjw; gz;gLj;jy; eltbf;iffis fhyj;Jf;Nfw;g xOq;FKiwapy; 

tptupf;Ff.                                   (50 Gs;spfs;)

(ii)  jw;NghJ tptrhaj;Jiwapdhy; vjpu;Nehf;fg;gLk; rthy;fisAk; ,e;jr; rthy;fis ntw;wpnfhs;sj;jf;f 

mZFKiwfisAk; tptupf;Ff.                            (50 Gs;spfs;)

(iii)  kz;Zq;fpfisg; gad;gLj;jp jahupf;fg;gLk; capupg; grisfisg; gad;gLj;Jtjd; 

Kf;fpaj;Jtj;ij tptupf;Ff.                              (50 Gs;spfs;)

10. (i)  nghUj;jkhd cjhuzq;fisg; gad;gLj;jp> capupay; gPilf; fl;lg;ghl;bd;NghJ gy;NtW 

tif capupfspd; Kf;fpaj;Jtj;ij tptupf;Ff.                               (50 Gs;spfs;)

(ii)  tptrhag; gz;izapy; vjpu;Nehf;fg;gLk; njhopy;rhu; ,lu;fisf; Fwpg;gpl;L> mtw;iw 

jtpu;g;gjw;fhd eltbf;iffis tpsf;Ff.                               (50 Gs;spfs;)

(iii)  ,yq;if tptrhaj;Jiwapd; gyd;jU jd;ikia mjpfupg;gjw;F tptrha #oypay; tyaq;fis 

,dq;fhzgjd; Kf;fpaj;Jtj;ij tpsf;Ff.      

                             (50 Gs;spfs;)

*  *  * 
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(09) capupay; 

tpdhj;jhs; fl;likg;G

tpdhj;jhs;  I  -  Neuk; : 02 kzpj;jpahyq;fs;

5 njupTfs; tPjk; 50 gy;Nju;T tpdhf;fs;. vy;yh tpdhf;fSf;Fk; tpil 

vOJjy; Ntz;Lk;. xU tpdhTf;F 01 Gs;sp tPjk; nkhj;jk; 50 Gs;spfs;.

tpdhj;jhs;  II  -  Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplq;fs;)

,t;tpdhj;jhs; mikg;Gf; fl;Liu> fl;Liu vd;Dk; ,U gFjpfisf; 

nfhz;Ls;sJ.

gFjp A  -  ehd;F mikg;Gf; fl;Liu tif tpdhf;fs;. vy;yh tpdhf;fSf;Fk; 

tpil vOJjy; Ntz;Lk;. xt;nthU tpdhTf;Fk; 100 Gs;spfs; 
tPjk; 400 Gs;spfs;.

gFjp B  -  MW fl;Liu tif tpdhf;fs;. ehd;F tpdhf;fSf;F tpilnaOJjy; 

Ntz;Lk;. xt;nthU tpdhTf;Fk; 150 Gs;spfs; tPjk; 600 Gs;spfs;.

tpdhj;jhs; II ,w;F nkhj;jg; Gs;spfs; = 1000 
 

,Wjpg; Gs;spiaf; fzpj;jy;  :  tpdhj;jhs;  I     =   50
 tpdhj;jhs;  II   = 1000 ÷ 20 =   50
 ,Wjpg; Gs;sp      = 100      

tpdhj;jhs; I
mwpTWj;jy;fs; :

  *  vy;yh tpdhf;fSf;Fk; tpil vOJf.

*  rupahd my;yJ kpfg; nghUj;jkhd tpiliaj; njupe;njLf;f. 

 (gy;Nju;T tpdhf;fSf;F tpilaspg;gjw;Fupa jhs; toq;fg;gLk;.)

 

1.  gpd;tUtdtw;wpy; capupaYf;Fupa xOq;fikg;gpd; gy Ml;rpepiu kl;lq;fspd; rupahd xOq;iff; 

fhl;LtJ vJ?

(1) %yf;$Wfs;> Gd;dq;fq;fs;> fyq;fs;> mq;fq;fs;> ,ioaq;fs;> mq;fj; njhFjpfs;> mq;fp   

(2) %yf;$Wfs;> fyq;fs;> Gd;dq;fq;fs;> mq;fq;fs;> ,ioaq;fs;> mq;fj; njhFjpfs;> mq;fp    
(3) %yf;$Wfs;> Gd;dq;fq;fs;;> fyq;fs;> ,ioaq;fs;> mq;fq;fs;> mq;fj; njhFjpfs;> mq;fp  
(4) %yf;$Wfs;> Gd;dq;fq;fs;> fyq;fs;> ,ioaq;fs;> mq;fj; njhFjpfs;> mq;fq;fs;> mq;fp     

 (5) %yf;$Wfs;> fyq;fs;> ,ioaq;fs;> mq;fj; njhFjpfs;> Gd;dq;fq;fs;;> mq;fq;fs;> mq;fp

2.  fhNghitjNuw;Wfs; njhlu;ghd rupahd $w;iwj; njupT nra;f.
(1) midj;J fhNghitjNuw;WfspdJk; H:O tpfpjk; 1:2 MFk;. 

(2) mq;fpfspd; ghuk;gupag; gjhu;j;jk; fhNghitjNuw;Wfisf; nfhz;bUf;Fk;.

(3)  midj;J fhNghitjNuw;WfSk; kh%yf;$Wfs; MFk;. 

(4)  midj;J fhNghitjNuw;WfSk; fpisf;Nfhrpbf; gpizg;Gfisf; nfhz;bUf;Fk;.

(5)  midj;J fhNghitjNuw;WfSk; ePupy; fiuaf;$bait.  

 

f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - capupay;



-102-- 102 -
f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - capupay;

3.  rpy Gd;dq;fq;fspd; njhopy;fs; fPNo jug;gl;Ls;sd.  

A -  nfhOg;gkpyq;fis nty;yq;fshf khw;wPL nra;jy;.   
B  -  nfhz;L nry;yy; Glfq;fspd; cw;gj;jp. 

C  -  nrYNyh];> ngf;bd; Nghd;w fyr;Rtu;f; $Wfspd; cw;gj;jp  
D  -  Gwf;Fopakhjy; %yk; fyq;fspypUe;J kPjpg; gjhu;j;jq;fis mfw;wy;.

,iyrNrhk;fs;> mfKjYUr; rpWtiy vd;gtw;wpd; njhopy;fs; Fwpg;gplg;gl;bUg;gJ KiwNa> 

(1)  A  Ak; C Ak; (2) B  Ak; C  Ak;  (3)  C  Ak; D  Ak; 
(4)  D  Ak; A  Ak;  (5) D  Ak; B  Ak;    

4.  gpd;tUk; tiuglj;jpy; fyg;gpupTg; gbepiy xd;W fhl;lg;gl;Ls;sJ. 

   
NkYs;s tiuglk; njhlu;ghf gpd;tUk; $w;Wfspy; rupahd $w;W

(1)  ,J ,U kbakhd fynkhd;whf ,Uf;fyhk;.  
(2)  ,J mq;fpnah];Ngkpd; fynkhd;whf ,Uf;fyhk;.

(3)  ,J xLf;fw;gpuptpd; gbnahd;whf ,Uf;f KbahJ.  
(4)  ,J ,ioAUg;gpuptpd; gbnahd;whf ,Uf;fhJ.   
(5)  ,g; gpuptpdhy; ngwg;gl;l kfl;fyq;fs; xUkbakhdit. 

5. A > B vd;w ,U nehjpaq;fspd; jhf;f tPjj;jpd; kPJ pH ,d; tpisT gpd;tUk; tiuGfs; %yk; 

fhl;lg;gl;Ls;sd.

    
0 1 2 3 4 5 6 7 8 9 10

pH 

j
hf
;f
 
t
Pj
k
;

A B

gpd;tUk; $w;Wfspy; A > B vd;w nehjpaq;fs; njhlu;ghfr; rupahdJ? 
(1)  A > B nehjpaq;fs; ,uz;Lk; mq;fp xd;wpd; jdpj;j mq;fk; xd;wpd; njhopw;ghl;Lf;Fupajhf 

,Uf;fyhk;. 

(2)  nehjpaq;fs; A > B vd;gd KiwNa jpUg;rpd;> ngg;rpdhf ,Uf;Fk;.  
(3)  pH  1 > 3 vd;gtw;wpy; nehjpak; A ,d; jhf;ftPjk; pH 7 > 9 vd;gtw;wpy; nehjpak; B ,d; jhf;f 

tPjj;jpw;F ngUk;ghYk; rkdhFk;. 
(4)  rpwg;G pH tPr;rhdJ nehjpak; A ,dJ 0-2 MfTk; nehjpak; B ,dJ 6-8 MfTk; ,Uf;Fk;. 

(5)  kdpjdpd; ngUk;ghyhd nehjpaq;fs; nehjpak; B I xj;jJ.
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6. xspj;njhFg;gpd; C4 nghwpKiw njhlu;ghd rupahd $w;iwj; njupT nra;f.  
(1)  cw;gj;jpahf;fg;gl;l Kjy; fhNghitjNuw;Wg; ngWjp xU 4 Nru;itahFk;. 
(2)  RuBisCO nehjpak; ,d;ikahy; xspr;Rthrk; eilngwhJ.  
(3)  ,iyeLtpioaf; fyq;fspd; FopaTUtpy; tspkz;ly CO2 gjpj;jy; eilngWk;.  
(4)  cau; CO2 nrwpTs;s NghJ ,iyeLtpioaf; fyq;fspy; fy;tpd; tl;lk; eilngWk;. 
(5)  3-ngh];NghfpsprNuw;W xU ,ilepiy tpisnghUs; my;y.  

7. gdNuhNrhapf; fy;gq;fspd; %d;W Afq;fspdJk; fhyf;fpukkhd njhlu;tupirahtJ 
(1)  GNuhj;njNuhNrhapf;> NgypNahNrhapf;> rPNdhNrhapf; 
(2)  NgypNahNrhapf;> kPNrhNrhapf;> rPNdhNrhapf; 
(3)  N`bad;> Mu;f;fpad;> GNuhj;njNuhNrhapf; 

(4)  kPNrhNrhapf;> NgypNahNrhapf;> GNuhj;njNuhNrhapf; 
(5)  rPNdhNrhapf;> GNuhj;njNuhNrhapf;> kPNrhNrhapf; 

8.  ,dq;fspd; ,Unrhw; ngauPl;Lf;F cyfshtpa uPjpapy; Vw;Wf; nfhs;sg;gl;l Kiwik xd;iw 

fNuhy]; ,ypNda]; Kd;itj;jhu;. rpy ,dq;fspd; tpQ;Qhdg; ngau;fs; fPNo jug;gl;Ls;sd.

A -  Dipterocarpus zeylanicus  B  -  Homo sapiens sapiens
C  -  Cocos nucifera L D  -  Panthera pardus Kotiya 

NkNy jug;gl;l ,dg;ngau;fspy; ,ypNdarpd; ,Unrhw; ngauPl;L Kiwikf;F mikthdJ

(1)  A kl;Lk;  (2) B kl;Lk;  (3) A, B Ak; kl;Lk;
(4)  B Ak; D Ak; kl;Lk; (5)  A , B, C vd;gd

9. gr;ir my;fhtpypUe;J $u;g;gpj;j Kjy; jiuj; jhtuq;fspy; mtjhdpf;fg;gl Kbahj xU ,ay;G 

vJ?  

(1)  tpj;jpf;fydpDs; Rtupdhy; #og;gl;l tpj;jpfspd; cw;gj;jp

(2) gy; fyj;jhyhd Gzupf;fyq;fspd; cUthf;fk;   
(3)  Gzupj;jhtuj;jpy; jq;fpapUf;Fk; Kisak; fhzg;gly;

(4) cr;rpg; gpupapioak; xd;W fhzg;gly;    
(5) Ntu;fspd; cUthf;fk;  

10. gpd;tUtdtw;wpy; Ks;se;jz;bypfspd; fzk; - mjd; ,ay;Gfspy; rupahfg; nghUe;jhjJ?

(1)  Platyhelminthes - fl;Gs;spfSk; Rthiyf; fyq;fSk;  
(2)  Nematoda - rpypu;Kl;fSk; Gwj;NjhYk;   
(3)  Cnidaria -  ,Ugil nfhz;l clYk; mod;nkhl;Lr; rpiwg;igAk; 
(4) Arthropoda - ntsptd;$Lk; %l;Lf;nfhz;l J}f;fq;fSk;    
(5) Mollusca - FUjpf;FopAk; tWfpAk;     

11. gpd;tUk; $w;Wfspy; ,Utpj;jpiyj; jhtu Ntu; njhlu;ghd rupahd $w;W vJ?  
(1) Nkw;Nwhy; gy;gil nfhz;lJ. 
(2) Nkw;gl;ilapypUe;J jf;if khwpioak; Njhd;Wk;.
(3) guptl;lTiw gpupapioaj;jpw;Fupa jfTs;sit.    
(4) xl;Lf;fytpioak; Nkw;NwhYf;F cl;Gwkhff; fhzg;gLk;.  
(5) njspthd ikatpioak; fhzg;gLk;.  

12.  gpd;tUk; Gwf; fhuzpfspy; vJ xspj;njhFg;G tPjj;ij mjpfupf;fr; nra;tjpYk; MtpAapu;g;G 

tPjj;ijf; Fiwg;gjpYk; gq;fspg;Gr; nra;Ak;?    
(1) xspr;nrwpT   (2) ntg;gepiy     (3) <ug;gjd;  
(4) CO2 nrwpT   (5) kz;zpy; ngwf;$ba ePupd; cs;slf;fk; 
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13.  KiwNa - 1200 kPa, -1500 kPa, -1800 kPa fiua mOj;jq;fisf; nfhz;l A, B, C vd;w %d;W nty;yf; 

fiury;fspy; Rhoeo ,iyapd; fPo;g;Gw Nkw;NwhYupapd; %d;W gFjpfs; mkpo;j;jg;gl;Ls;sd. 20 
epkplq;fspd; gpd;du; mtjhdpj;jNghJ fiury; B ,y; mkpo;j;jg;gl;l ,ioaq;fspy; 50% fyq;fs; 
KjYUr;RUq;fy; mile;jpUe;jd. fPNo jug;gl;l $w;Wfspy; rupahd $w;iwj; njupT nra;f.  
(1) ,ioak; njhlu;ghf fiury; A mjpgunrwpTs;sJ.   
(2) ,ioak; njhlu;ghf fiury; C cggutYf;FupaJ. 

(3)  fiury; C ,Ys;s rkepiyaile;j ,ioaj;jpy; cs;s fyq;fs; tPf;fKw;wit. 
(4)  fiury; A ,y; rkepiyAw;w ,ioaj;ij fiury; C f;F ,lkhw;wpdhy; mfg;gpurhuzk; eilngWk;.

(5)  fiury; C ,y; mkpo;j;jg;gl;l ,ioaj;ij fha;r;rp tbj;j ePUf;F ,lkhw;wpdhy;> rkepiyapy; 

fyq;fspd; mKf;f mOj;jk; + 1500 kPa MFk;.  

14. epyj;Jf;Fupa jhtuj;jpd; tho;f;if tl;lnkhd;W fPNo fhl;lg;gl;Ls;sJ. 

Gzupj;jhtuk; 

Mz;Gzupfs;ngz;Gzupfs;

Efk;

tpj;jpj;jhtuk;

tpj;jpfs; (a) 

(b) 

(c) 

(d) 

gpd;tUtdtw;wpy; vJ (a), (b), (c), (d) vd;w nrad;Kiwfisr; rupahd xOq;fpy; fhl;Lfpd;wJ?

(1) xLf;fw;gpupT> tsu;r;rpAk; tpUj;jpAk;> ,ioAUg;gpupT> Kisj;jy; 
(2) ,ioAUg;gpupT> Kisj;jy;> xLf;fw;gpupT> tsu;r;rpAk;> tpUj;jpAk;      
(3) ,ioAUg;gpupT> tsu;r;rpAk; tpUj;jpAk;> xLf;fw;gpupT> Kisj;jy;       
(4) Kisj;jy;> ,ioAUg;gpupT> xLf;fw;gpupT> tsu;r;rpAk; tpUj;jpAk;   
(5) tsu;r;rpAk; tpUj;jpAk;> Kisj;jy;> xLf;fw;gpupT> ,ioAUg;gpupT   

15.  jhtu tsu;r;rp kw;Wk; tpUj;jpapd;NghJ xspapdhy; njhlf;fg;gl;L> $l;lhf eilngWk; gpujhd 
epfo;Tfs; xspcUtg;gpwg;G vdg;gLk;. gpd;tUtdtw;wpy; vJ jhtuq;fspy; xspcUtg;gpwg;Gr; 

nrad;Kiw vdf; fUjg;gl KbahjJ? 
(1) xspj;njhFg;G   (2) xspj;jpUg;gk;       (3) <u;g;Gj;jpUg;gk;      
(4) xspMtu;j;jdk; (5) tpj;J Kisj;jy;     

16.  fho;f;fyd;fs;> cupa nea;aupf;Foha;fs; vd;gtw;wpD}lhff; nfhz;L nry;yy; njhlu;ghd rupahd 

$w;W vJ? 
 fho;f;fyd;fs;  cupa nea;aupf; Foha;fs;  

(1) ke;jkhd nfhz;Lnry;yy;.  capu;g;ghd nfhz;Lnry;yy;.  
(2) ,U jpirfspy; eilngWk;.  xU jpirapy; eilngWk;. 

(3) ePu;> fdpAg;Gfis kl;Lk; nfhz;Lnry;Yk;.  Nrjdf; Nru;itfis kl;Lk; nfhz;Lnry;Yk;.        
(4) mg;Nghgpsh];l; ghijapD}lhff; nfhz;L rpk;gpsh];l; ghijapD}lhff; nfhz;Lnry;yy;

 nry;yy; eilngWk;.  eilngWk;.

(5) ePu;epiyapay; mKf;fj;jpd; fPo;f; nfhz;L ,Otpir xd;wpd; fPo; nfhz;Lnry;yy;

 nry;yy; eilngWk;.  eilngwk;.  
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17. gpd;tUk; $w;Wfspy; rupahdJ vJ?
(1)  td;$l;Lj;jirfspdJk; ,jaj; jirfspdJk; nraw;ghL gupT euk;Gj;njhFjpapdhy;  

fl;Lg;gLj;jg;gLk;.  
(2)  kdpj clypy; cs;s rfy jir ,ioaq;fspdJk; RUf;fk; euk;Gf; fzj;jhf;fpdhy; Muk;gpj;J 

itf;fg;gLfpd;wJ.

(3)  rfy jir tiffspdJk; njhopw;ghl;L myF jirg;ghj;J MFk;.  
(4)  td;$l;Lj;jir xd;wpd; cUthf;fj;jpd; NghJ jirehu;fs; xd;Wlndhd;W ,ilg;GFe;j tl;lj; 

jl;bd; %yk; ,izAk;. 
(5)  rfy jirfspdJk; mbg;gilj; njhopw;ghl;L ,ay;G RUq;Fk; jd;ik MFk;.   

18.  kdpj rkpghl;Lr; rPuhf;fk; njhlu;ghd gpd;tUk; $w;Wfspy; rupahdJ vJ?
(1)  nrf;upl;bd; ckpo;ePu; Ruj;jy; epNuhjpf;fg;gLk;.    
(2)  fhRj;jpupdpdhy; cjur;rhW Ruj;jy; epNuhjpf;fg;gLk;.  
(3)  CCK ,dhy; Kd;rpWFlypDs; gpj;jk; tpLtpf;fg;gly; J}z;lg;gLk;.   
(4)  ve;jNuhifdrpdhy; ,iug;igapd; mirAkhw;wy; epNuhjpf;fg;gLfpd;wJ.  
(5)  rijapahy; Ruf;fg;gLk; XNkhd;fshy; cjur;rhW Ruj;jy; J}z;lg;gLk;.  

19.  gpd;tUk; $w;Wfspy; kdpj Rthrr; nrad;Kiw njhlu;ghf rupahdJ vJ? 
(1) clw;gapw;rpapd;NghJ fOj;Jj; jirfSk; gpw;Gwj; jirfSk; $l Rthrg;igf; fhw;W}l;lypy; 

gq;Fgw;w KbAk;. 
(2)  gpupnkd;wfl;Lj; jirapd; RUf;fj;jpd; tpisthf gpupnkd;wfl;bd; tisT mjpfupf;Fk;.

(3)  ntspr; Rthrj;jpd; NghJ jirr;RUf;fk; neQ;riwf; Fopapd; fdtsit mjpfupf;fr; nra;Ak;. 
(4)  neQ;riwf; Fopapd; fdtsT mjpfupf;Fk;NghJ Gilf;Fopapd; mKf;fk; mjpfupf;Fk;.     
(5)  Rthrg;igf; fhw;W}l;lypd; NghJ njhlu;r;rpahf %r;R cs;thq;fYk; %r;R ntsptpLjYk;  

khwp khwp eilngWk;.  

20.  gpd;tUk; tpyq;F - fopj;jy; fl;likg;Gr; Nrhbfspy; vJ jtwhf ,izf;fg;gl;Ls;sJ?

  tpyq;F  fopj;jw; fl;likg;G 

(1)  ,why; gRQ; Rug;gpfs;

(2)  tz;L  ky;gPrpad; rpWFoha;fs; 

(3)  Rwh   rpWePufq;fs;  
(4)  Mik   cg;Gr; Rug;gpfs; 

(5)  kz;GO   clw; Nghu;it  

21.  kdpj euk;Gj; njhFjpapy; Vw;gLk; Neha; epyikahdJ 
(1)  mbrdpd; Neha;  (2) `d;bq;ldpd; Neha;   (3)  ghuprthjk; 
(4)  ngyhfpwh (Pellagra) (5)  nkd;RUsp Neha; (Leptospirosis)  

22.  kdpj clypy; fhzg;gLk; rpy Gyd; fl;likg;Gfs; fPNo jug;gl;Ls;sd. 

 A  -  FNuh]pd; KidTf; Fkpo;fs;  
 B -   Nku;f;fypd; tl;lj;jl;Lfs;  
 C  -   ugpdpapd; rpWJzpf;iffs;  
 D  -   nkrpdupd; rpWJzpf;iffs;

 mtw;Ws; njhLif thq;fpfshtd>

(1)  A, B kl;Lk;     (2)  A, C kl;Lk; (3)  A, D kl;Lk;
(4)  B, C kl;Lk; (5)  B, D kl;Lk;
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23.  kdpj tpe;jhf;fk; njhlu;ghd gpd;tUk; $w;Wfspy; rupahd $w;W vJ?
(1)  njRj;NjhRj;jNuhidr; Rug;gjw;F FSH ,Nybf; fyq;fisj; J}z;lg;gLk;.

(2)  tpe;jhf;fk; GnRH ,dhy; J}z;lg;gLk;.   
(3)  tpe;jhF fyk; tpe;jhf tpUj;jpailjy; njRj;NjhRj;jNuhdhy; J}z;lg;gLk;.  
(4)  njRj;NjhRj;jNuhdpd; mjpfupg;G guptff;fPopdhy; GnRH Ruf;fg;gLtij mjpfupf;fr; nra;Ak;. 

(5)  tpe;jhf;fk; FiwtilAk; NghJ Nrw;Nwhypf; fyq;fshy; ,d;fpgpd; Ruf;fg;gly; J}z;lg;gLk;.  

24.  Gyd; jfty;fspd; $l;L nkhj;jkhf nraw;gLk; kdpj %isapYs;s ikak;  

(1) Ve;jp  
(2)  guptff;fPo;   
(3)  <upizr; rlyq;fs; 
(4)  tNuhypapd; ghyk; 
(5)  ePs;tisa ikatpioak;  

25.  FUjpf; $l;lj;jpd; nghUj;jk; ghu;f;fhJ ve;jnthU thq;fpf;Fk; FUjpf; FWf;Fg;gha;r;ry; nra;af; 
$ba toq;fpapd; FUjpf; $l;lk; 

(1)  AB+     (2)  AB_  (3)  O+  (4) O_  (5)  B_  

26.  Na+  K+ gk;gp capu;g;ghtJ KjYU nkd;rt;thdJ> 
(1)  Kidthf;fg;gl;l epiyapy; 
(2)  Kidtopf;fg;gl;l epiyapy; 
(3)  Kidtopf;fg;gl;l epiyapypUe;J kPs;Kidthf;fg;gl;l epiyf;F khWk;NghJ 
(4)  kPs;Kidthf;fg;gl;l epiyapy; ,Ue;J mjpKidthf;fg;gl;l epiyf;F khWk;NghJ  
(5)  Kidthf;fg;gl;l epiyapypUe;J Kidtopf;fg;gl;l epiyf;F khWk;NghJ  

27.  mq;fp xd;wpd; ,opT mDNrg tPjj;ij mstpLtjw;Fg; nghUj;jkw;w fhl;bahfg; gpd;tUtdtw;Ws; 

mikaf; $baJ

(1)  O2 Efu;T tPjk;     
(2)  CO2 tpLtpf;fg;gLk; tPjk; 
(3)  myFg; gug;gpdhy; tpLtpf;fg;gLk; ntg;gj;jpd; msT    
(4)  cw;gj;jpahf;fg;gl;l rpWePupd; msT   
(5)  czT xl;rpNaw;wg;gLk; tPjk;    

28.  kdpjdpy; gpwg;Gf; fl;Lg;ghl;L Kiwfs; njhlu;ghd $w;Wfspy; rupahdJ vJ?

(1)  tha;f;Fupa fu;g;gj;jil khj;jpiufs; %yk; khjtplha;r; rf;fuk; jw;fhypfkhf epWj;jg;gLfpd;wJ.  
(2)  gNyhg;gpad; Foha; ,ioaply; %yk; #y;nfhs;sy; epWj;jg;gLk;.   
(3)  IUD jlk; %yk; fUg;igf; fOj;Jf;Fupa rPjKspg;gil jbg;GWfpd;wJ.  
(4)  tpijehz;mWit (Vasectomy) %yk; tpe;jhf;fk; epWj;jg;gLfpd;wJ.   
(5)  Depo Provera %yk; #y;nfhs;sy; epWj;jg;gLfpd;wJ.  

29.  tpyq;Ffspd; td;$l;Lj; njhFjpfs; njhlu;ghd gpd;tUk; $w;Wfspy; rupahdJ vJ? 
(1)  ePu;epiyapay; td;$L rPNyhNkw;Wfspy; kl;Lk; fhzg;gLk;.   
(2)  mq;fp xd;wpd; vd;G td;$L vg;NghJk; xU cl;Gwj;Jf;Fupa td;$lhfr; nrayhw;Wk;.    
(3)  fy;rpak; fhgNdw;whyhd td;$L mNj fzj;ijr; Nru;e;j mq;fpfspy; cl;Gwj;jpw;Fupa td;$lhf 

my;yJ ntspg;Gwj;jpw;Fupa td;$lhff; fhzg;glyhk;.    
(4)  kdpj td;$L vd;Gfshy; kl;Lk; Mf;fg;gl;lJ.    
(5)  vd;Gg; gFjpfSf;F ,ilapyhd miraf; $ba %l;Lfis cl;Gwj;jpw;Fupa td;$Lfspy; 

kl;Lk; fhzyhk;.
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30.  kdpjdpy; rhjhuz FUjp mKf;fj;ijg; NgZtjpy; rpWePufq;fspd; gq;fspg;G gha;r;rw;Nfhl;Lg;glk; 

%yk; fPNo fhl;lg;gl;Ls;sJ. 

   

rhjhuz FUjp mKf;fk;

FUjp mKf;ff; FiwT

mq;fpNahnld;rpNdh[d;

mq;fpNahnld;rpd;

mjpuPdw; Rug;gp

(a) 

(b) 

(a) kw;Wk; (b) vd;gtw;wpdhy; fhl;lg;gl;Ls;s Rug;G ,uz;Lk; KiwNa>

(1)  nwdpd;> mjpuPdypd; (2)  my;nl];jNuhd;> mjpuPdypd;

(3)  nwdpd;> my;nl];jNuhd; (4)  ADH, nwdpd; 
(5)  my;nl];jNuhd;> ADH    

31. kdpjdpy; rptg;G - gr;ir epwf;FUL njhlu;ghfr; rupahd $w;W vJ ?
(1) ,J X epw%u;j;jj;Jld; ,izf;fg;gl;l xU Ml;rpahd ,ay;;G. 

(2) ,J Y epw%u;j;jj;Jld; ,izf;fg;gl;l xU Ml;rpahd ,ay;G. 

(3) epwf;FUl;Lj; je;ij xUtuhy; mtupd; vy;yh kfs;fSf;Fk; ,t;tpay;G flj;jg;gLk;. 

(4) epwf;FUl;Lj; jha; xUtu; jdJ kfd;fs; ahtUf;Fk; ,t;tpay;igf; flj;Jthu;. 
(5) Mz;fis tplg; ngz;fspilNa ,e;Neha; kpfg; nghJthdjhff; fhzg;gLk;.  

32.  gpwg;Gupikaikg;G AabbCc If; nfhz;l jdpad;fs; ,dq;fyf;fg;gl;lhy; vr;rq;fspy; 

Njhw;Wtpf;fg;glf;$ba> ntt;NtW tifahd gpwg;Gupikaikg;Gfspd; vz;zpf;if    
(1)  6     (2)  8   (3)  9  (4) 21   (5)  27  

33. mfNuh]; n[y; kpd;dadk; njhlu;ghd gpd;tUk; $w;Wfspy; rupahdJ vJ?

(1)  kpd;dadj;jpd; Kd;du; DNA Jz;Lfs; jdp ,iofshf;fg;gLk;. 

(2) n[y;ypD}lhf DNA ,d; mirT tPjk; n[y;ypy; cs;s mfNuh]; nrwptpy; jq;fpapUf;Fk;.

(3)  kpd;dadj;jpd; NghJ DNA Jz;Lfs; fNjhl;il Nehf;fp mirAk;.

(4)  ngupa DNA Jz;Lfs; rpwpa DNA Jz;Lfis tpl tpiuthf n[y;ypD}lhf mirAk;. 

(5)  n[y;ypYs;s rhakplg;gl;l DNA Jz;Lfisf; fl;Gy xspapd; fPo; mtjhdpf;f KbAk;.  

34. guk;giuayFj; njhopDl;gj;jpy; gad;gLj;jg;gLk; Mapfs; (Probes) milahsg;gLj;jg;gLtJ

(1)  xw;iwg; gl;bif DNA Jz;Lfshy; kl;Lk;.  
(2) ,ul;ilg; gl;bif DNA Jz;Lfshy; kl;Lk;.

(3)  xw;iwg; gl;bif RNA Jz;Lfshy; kl;Lk;.

(4)  ,ul;ilg; gl;bif RNA Jz;Lfshy; kl;Lk;.

(5)  xw;iwg; gl;bif DNA Jz;L my;yJ xw;iwg; gl;bif RNA Jz;Lfshy;.  

35.  #oypay; jpjp njhlu;ghd gpd;tUk; $w;Wfspy; jtwhd $w;W vJ?

(1)  #ow;njhFjpapy; xU Fwpg;gpl;l mq;fpapd; tfpghfk; jpjp MFk;.

(2)  xU ,dk; thOk; ngsjpfg; gug;ig jpjp gpujpepjpj;Jtg;gLj;Jk;.

(3)  #ow;nwhFjpapD}lhf rf;jpg; gha;r;rypy; mq;fpapd; tfpghfj;ij jpjp cs;slf;fpapUf;Fk;.

(4)  xU mq;fpapd; jpjp mJ vt;thW Nghrizg; nghUs;fspd; kPs;Row;rpapy; Vida mq;fpfSld; 

,ilj;njhlu;GWk; vd;gijAk; cs;slf;fpaJ.

(5)  xU mq;fp vt;thW tho;it Vw;gLj;Jfpd;wJ vd;gJ jpjp MFk;. 
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36.   capu;g; gy;tifik ,og;gpy; kiwKfkhfg; gq;fspg;Gr; nra;Ak; fhuzp gpd;tUtdtw;Ws; vJ?

(1)  Mf;fpukpf;Fk; Mw;wYila me;epa ,dq;fs; (2)  fhyepiy khw;wq;fs; 
(3)  kdpjf; Fbj;njhif mjpfupg;G   (4)  thopl ,og;G   
(5)  tsq;fspd; kpif Ruz;ly;   

37. kdpjdpd; cjuf;Flw;Rtl;il cl;GFk; topahf gad;gLj;Jk; xU njhw;wf;$ba Nehahf;fp 
(1)  Clostridium tetani  (2)  Streptococcus pneumoniae 
(3)  Staphylococcus aureus  (4)  Neisseria gonorrhoeae 
(5)  Mycobacterium tuberculosis    

38. ,t;tpdh gpd;tUk; jfty;fis mbg;gilahff; nfhz;lJ. 

A -  njhw;WePf;fpfspd; gad;ghL  B  -  mOfnyjpupfspd; gad;ghL  
C  - epu;g;gPldkhf;fy; D  -  Jg;Guthf;Fjy;  
E  -  Ez;Zapu;nfhy;ypg; ghtiz 

Ez;zq;fpf;Fupa Neha;fs; Vw;gLtijj; jLg;gjw;fhf ,yq;ifapy; kpfg; nghJthfg; gad;gLj;jg;gLk; 

Kiwfshf miktd> 

(1) B, C kl;Lk; (2)  A, B, C kl;Lk;
(3)  A, B, E kl;Lk; (4) A, B, C, D kl;Lk;
(5)  A, B, D, E kl;Lk;

39. gpd;tUk; $w;Wfspy; cz;ikahdJ vJ?

(1)  rpy Ritr;ruf;Fg; gjhu;j;jq;fs; ,aw;ifahd Ez;zq;fpnajpu; ,urhadf; $Wfisf; nfhz;lit.

(2)  nghl;Liyd; eQ;Rglypw;fhd (Botulism) eQ;R gha;r;rNuw;wk; %yk; mopf;fg;gLk;.

(3)  fpUkpaopf;fg;gl;l ghy; gha;r;rNuw;wg;gl;l ghiy tplf; $ba Nghrhf;Fs;sJ.
(4)  Nahfl; xU fpUkpaopf;fg;gl;l ghYzT MFk;.

(5)  gy jhdpaq;fspy; fhzg;gLk; mt;Nyhnjhl;rpd; (Aflotoxin) gw;wPupaj; njhl;rpd;fspd; xU tbtk; 
MFk;.  

40.  eNdh njhopDl;gj;jpd; capupaYf;Fupa gpuNahfk; my;yhjJ vJ?

(1)  FUjpr; Rj;jpfupg;G    
(2)  DNA Mapfshfg; gad;gLj;jy;  

(3)  ,yf;Ff; fyq;fSf;F kUe;Jfis tpepNahfpj;jy;  
(4)  Ez;zq;fpnajpu;g; gjhu;j;jq;fshfg; gad;gLj;jy;   
(5)  Gujq;fis ,dq;fhzy; 
    

÷ 41 njhlf;fk; 50 tiuAs;s tpdhf;fs; xt;nthd;Wf;Fk; jug;gl;Ls;s tpilfSs; xd;W rupahdJ / 
xd;Wf;F Nkw;gl;lit rupahdit. tpilfSs; vJ rupahdJ / vit rupahdit vd KbT nra;f. 

gpd;du; nghUj;jkhd ,yf;fj;ijj; njupe;njLf;f.

A,  B,  D   Mfpad khj;jpuk; rupahdit vdpd; ............................. (1)
A,  C,  D   Mfpad khj;jpuk; rupahdit vdpd; ............................. (2)
A, B   Mfpad khj;jpuk; rupahdit vdpd; ............................. (3)
C, D   Mfpad khj;jpuk; rupahdit vdpd; ............................. (4)
NtW tpil my;yJ tpilfspd; Nru;f;if rup vdpd;      ............................. (5)

nghopg;ghf;fpa mwpTWj;jy;fs;

     

(1) (2) (3) (4) (5)

A, B, D  
rupahdit

A, C, D 
rupahdit

A, B
rupahdit

 C, D
rupahdit

NtW tpil my;yJ tpilfspd; 

Nru;f;if rup vdpd;
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41.  ePupd; gpd;tUk; ,ay;Gfspy; vJ / vit rpy G+r;rpfs; ePu; Nkw;gug;gpy; elg;gijr; rhj;jpakhf;Ffpd;wJ/
rhj;jpakhf;Ffpd;wd?

(A)  cau; Nkw;gug;gpOtpir (B)  ePu; %yf;$Wfspd; gpizT tpirfs;  

(C)  cau; jd;ntg;gf; nfhs;ssT  (D) ePu; %yf;$Wfspd; xl;lw;gz;G tpirfs;

(E)  Mtpahjypd; cau; kiwntg;gk;    

42. gpd;tUk; fzq;fspy; vjpy;/ vtw;wpy; KJF - tapw;Wg;Gwk; jl;ilahf;fg;gl;l RahjPd Gzupj;jhtuq;fs; 

fhzg;gLfpd;wd? 
(A) Hepatophyta     (B)  Bryophyta   (C)  Anthocerophyta
(D)  Pterophyta   (E)  Lycophyta   

43.  gpd;tUk; tpyq;Ff; $l;lq;fspy; vd;ghyhd mftd;$l;ilAk; mff;fUf;fl;liyAk; nfhz;bUg;gJ/ 
nfhz;bUg;git?

(A) Amphibia  (B) Osteichthyes (C) Reptilia (D) Aves (E) Chondrichthyes 

44.  gpd;tUtdtw;wpy; cs;shu;e;j epu;g;gPldj;jpy; Kf;fpaj;Jtkhd Gwj;jpw;Fupa kw;Wk; mfj;Jf;Fupa 

ghJfhg;G tiffis KiwNa Fwpg;gJ / Fwpg;git?  
(A)  mow;rpjU J}z;lw;NgWk; Rug;GfSk; (B)  NjhYk; rPj nkd;rt;TfSk; 

(C)  jpd;Fopaf; fyq;fSk; rPj nkd;rt;TfSk; (D) Ez;zq;fpnajpu;g; Gujq;fSk; NjhYk; 

(E)  Rug;GfSk; mow;rpjU J}z;lw;NgWfSk;    

45.  guptff;fPo;  
(A)  Kd;%isapy; mike;Js;sJ. 
(B)   grpiar; rPuhf;Fk;. 
(C)  Gyd; jfty;fis xUq;fpizf;Fk;. 
(D)  jd;dhl;rp euk;Gj; njhFjpiaf; fl;Lg;gLj;Jk;.  
(E)  kzEfu;r;rpg; Gyid thq;Fk;. 

46.  ntz;gr;ir Neha;f;Ff; fhuzkhd Fiwghl;L %yfk; / %yfq;fshtd

(A)  iejurd;    (B)  kf;dPrpak;    (C)  nghw;whrpak;   (D)  fy;rpak;    (E)  ,Uk;G 

47. DNA E}yfk; xd;iwj; jahupg;gjw;Fg; gad;gLj;jg;glf;$ba nrad;Kiw / nrad;Kiwfs; 

gpd;tUtdtw;Ws; vJ / vit?  
(A)  DNA I ntl;Ljy;   (B) DNA gpupj;njLg;G   
(C) nghypkNu]; rq;fpypj; jhf;fq;fs;   (D) DNA Jz;Lfis ,izj;jy;  
(E) DNA ,d; %yj; njhliuj; jPu;khdpj;jy; 

48.  gpd;tUtdtw;wpy; ,yq;ifapy; fhzg;gLk; Mf;fpukpg;G ,dk; / ,dq;fisj; njupT nra;f.
(A) Ichthyophis   (B) Lingula  (C) Knife fish  (D) Lantana  (E)  Sonneratia

49.  itNuhapl; vdg;gLtJ
(A)  xU GNuhfupNahl;L   
(B)  gpwNghrizf;Fupa Nghriz Kiwiaf; nfhz;lJ. 

(C)  cau; jhtuq;fisj; njhw;Wk;

(D)  epu;thz RNA %yf;$W xd;iwf; nfhz;bUf;Fk;.  
(E)  xU nfhOg;gkpy %yf;$iwAk; Guj ciw xd;iwAk; nfhz;bUf;Fk;.    

50.  etPd r%fj;jpy; mWtilf;Fg; gpd;dhd czT ew;fhg;gpy; gad;gLj;jg;glhj Kiw/Kiwfisj; 

njupTnra;f.  
(A)  ghuk;gupa khw;wpaikg;Gr; nra;ag;gl;l mq;fpfspd; gad;ghL (B) cyu;j;jy; 

(C)  gha;r;rNuw;wk;      (D) cg;gply;  
(E)  fjpu;g; gupfupg;G  

* * * 
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(09) capupay; 

tpdhj;jhs; II  
*   gFjp A ,Ys;s vy;yh tpdhf;fSf;Fk; tpilaspf;Ff.

*   gFjp B ,ypUe;J ehd;F tpdhf;fSf;F khj;jpuk; tpilaspf;Ff.

gFjp A - mikg;Gf; fl;Liu

1.    (A)  (i)      (a)   fyf; nfhs;ifia tpsf;Ff.      

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

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

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

(b) GNuhfupNahl;lhTf;Fupa fyq;fspy; kl;Lk; fhzg;glf;$ba> #oypay; Kf;fpaj;Jtkhd 

clw;nwhopypaYf;Fupa nraw;ghL xd;iwf; Fwpg;gpLf.

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

(ii) 

    

(a)  NkNy jug;gl;l tiuglj;jpy; fhl;lg;gl;l Gd;dq;fk; vJ?  

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

(b)  ,g;Gd;dq;fj;jpw;F ve;j cgfyf; fl;likg;gpypUe;J Gjpa Glfq;fs; Njhw;Wtpf;fg;gLfpd;wd?  

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

(c)  NkYs;s tiuglj;jpy; fhl;lg;gl;l Gd;dq;fj;jpd; ,uz;L njhopy;fisj; jUf. 

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

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

(iii)  mkpNdhmkpyq;fs; <upay;Gs;sit vdg;gLtJ Vd;?    

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

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

(iv)  Gujk; xd;wpd; Gilf; fl;likg;igg; NgZtjw;fhd ,uz;L tifahd gpizg;Gfisg; 

ngaupLf.     

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

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

(v) (a)  VNjDNkhu; fiurypy; fhzg;gLk; Gujq;fis vt;thW gupNrhjid uPjpapy; fhl;lyhk;?   

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

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

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

(b)  NkNyAs;s gupNrhjid %yk; Gujj;jpd; vf;fl;likg;G ,ay;G cWjpg;gLj;jg;gLfpd;wJ? 

............................................................................................................................................
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(B)  (i)  xspj;njhFjp vd;why; vd;d?   

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

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

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

(ii)  xspj;njhFjpfs; xspj;njhFjp I (PS I),  xspj;njhFjp II (PS II) vd ,U tiffshf vjd; 

mbg;gilapy; ngauplg;gl;Ls;sd.  

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

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

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

(iii)  xspj;njhFjpapy; eilngWk; %d;W gpujhd epfo;Tfis vOJf.   

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

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

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

(iv) xspj;njhFg;gpy; ful;bNdhapl; epwg;nghUs;fspd; nraw;ghLfs; ,uz;bidf; Fwpg;gpLf.  

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

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

(C)  (i)  ,aw;ifg; ghFghL vd;gjhy; fUjg;gLtJ ahJ?   

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

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

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

(ii) tpyq;Ffspd; ghFghl;by; mup];Nlhl;lypdhy; gad;gLj;jg;gl;l gpukhzq;fs; vit?    

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

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

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

(iii) jw;Nghija ghFghl;L Kiwikf;F mbg;gilahff; fUjg;gLk; %yf;$w;W capupaYf;Fupa 

gpukhzq;fs; %d;iwf; Fwpg;gpLf. 

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

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

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

(iv) fho; ,ioaj;jpy; fyd;fisf; nfhz;l ,uz;L jhtuf; fzq;fisg; ngaupLf.    

...................................................................           ...................................................................
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(v) Gwj;Njhw;w ,ay;Gfspd; mbg;gilapy; nfhSf;fpg; GO> kz;GO> <uw;jl;ilad;> kutl;il> 

Cup vd;gtw;iw ,dq;fhzg; gpd;tUk; ,Ufpisr; rhtpiag; G+uzg;gLj;Jf.  

(1) (a) ntsptd;$L fhzg;gLk;.     : .......................................

 (b) ntsptd;$L fhzg;glhJ.    : .......................................

(2) (a) %l;Lf; nfhz;l fhy;fs; fhzg;gLk;.    : .......................................

 (b) %l;Lf; nfhz;l fhy;fs; fhzg;glhJ   : .......................................

(3) (a) fl;Lr;Nrzk; fhzg;gLk;.      : .......................................

 (b) fl;Lr;Nrzk; fhzg;glhJ.    : .......................................

(4) (a) KJF tapw;Wg;Gwk; jl;ilahd cly;    : .......................................

 (b) KJF tapw;Wg;Gwk; jl;ilahd cly; my;y  :  .......................................

2.   (A)  (i)  gpd;tUk; tpyq;Ffs; xt;nthd;wpdJk; czT+l;ly; nghwpKiwfisf; Fwpg;gpLf.    

(a)  NjdP  :  ...............................................................................................................

(b)  rpg;gp   :  ...............................................................................................................

(c) fPlk;   : ............................................................................................................... 

(ii)  rkpghl;Lr; RtL vd;why; vd;d?  

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

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

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

                                                                                                
r

q

p

(iii)   ,t;tpdh gpd;tUk; tiuglj;ij mbg;gilahff; nfhz;lJ.  

(a)  tiuglj;jpy; p, q, r vd Fwpg;gplg;gl;Ls;s 

 gFjpfisg; ngaupLf.               

                            p  - ..................................................................

q -  ..................................................................

r  -  ..................................................................

(b)  p vdf; Fwpg;gplg;gl;Ls;s fl;likg;G czTr; rkpghl;bd;NghJ vt;thW gq;fspg;Gr; 

nra;fpd;wJ? 

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

(c)   q vdf; Fwpg;gplg;gl;Ls;s fl;likg;gpDs; fhzg;gLk; rhw;wpy; mlq;Fk; czTr; 

rkpghl;Lf;F mtrpakhd ,uz;L $Wfisf; Fwpg;gpLf. 

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

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

(iv) (a)  rkepiy czT vd;why; vd;d?

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

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

(b)  kdpj clypDs; ,ypg;gpl;Lf;fspd; %yk; Nrkpf;fg;gLtJ vit?  

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

............................................................................................................................................
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(v)   gpd;tUk; njhopy;fis Mw;Wk; xt;nthU tpw;wkpd;fisg; ngaupLf. 

(a)  xl;rpNaw;wntjpupahfj; njhopw;gly; .................................................................................

(b)  MNuhf;fpakhd vd;Gfisg; Ngzy;  .................................................................................

(c)  FUjp ciwjy;  .................................................................................

(B)  (i)  ,irTf;Fupa epu;g;gPldk; vd;why; vd;d?

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

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

(ii)  ,irTf;Fupa epu;g;gPldj;Jf;F mtrpakhd ,uz;L tifahd fyq;fSk; vit? 

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

(iii)  ,irTf;Fupa epu;g;gPldj; J}z;lw;NgWfs; ,uz;ilf; Fwpg;gpLf. 

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

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

(iv)  kdpjdpy; Raepu;g;gPld Neha; xd;iwAk; epu;g;gPldf; Fiwghl;L Neha; xd;iwAk; ngaupLf.  

(a)  Raepu;gPld Neha;         : ...........................................................................................

(b)  epu;g;gPldf; Fiwghl;L Neha;  : ...........................................................................................

(v)  Raepu;g;gPld Neha;f;Fk; epu;g;gPldf; Fiwghl;L Neha;f;Fk; ,ilapyhd gpujhd NtWghl;ilj; 

jUf. 

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

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

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

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

(C)  (i) gpd;tUk; njhopy;fSld; njhlu;ghd kdpj %isapd; fl;likg;Gfisg; ngaupLf. 

÷  fz;kzpapd; gUkidf; fl;Lg;gLj;jy;  -  .....................................................

÷  ,uz;L %isa miuf;Nfhsq;fisAk; 

 fl;likg;G uPjpapy; ,izj;jy;   -  .....................................................

÷  Rthr mbg;gilr; re;jj;ijf; fl;Lg;gLj;jy;  -  .....................................................

÷  xUrPu;j;jplepiyg; nghwpKiwiar; rPuhf;fy;  -  .....................................................

(ii)  kdpj %isapy; %isaKz;zhd; gha;nghUs; fhzg;gLk; ,uz;L ,lq;fisj; jUf.     

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

(iii) %isaKz;zhd; gha;nghUspd; %d;W njhopy;fisf; Fwpg;gpLf.     

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

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

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

(iv)  (a)  euk;G ,ioaq;fspy; Vuhskhff; fhzg;gLk; fytifiag; ngaupLf.    

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

(b) NkNy (iv) (a) ,y; ePu; Fwpg;gpl;l fytifapd; %d;W gpujhd njhopy;fisf; Fwpg;gpLf.       

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

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

............................................................................................................................................
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(v)  kdpj euk;Gj; njhFjpapy; fhzg;glf;$ba %d;W Neha; epiyikfisg; ngaupLf. 

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

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

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

3.   (A)  (i) ,Utpj;jpiyap ,iy xd;wpd; eL euk;gpd; Clhfg; ngw;w FWf;Fntl;L Kfj;jpd; Nfhl;L 

tiuglk; xd;iw tiue;J gFjpfisg; ngaupLf. 

  

(ii) NkNy (A) (i) ,y; tiuag;gl;l FWf;F ntl;LKfj;jpypUe;J tiff;Fupa Gy; ,iyapd; 

FWf;F ntl;LKfk; NtWgLk; ,uz;L fl;likg;G ,ay;Gfisf; Fwpg;gpLf.        

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

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

(iii) ,iytha; vd;why; vd;d?     

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

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

(iv) K+ gha;Tf; fUJNfhspd; gb ,iytha; jpwf;Fk; nghwpKiwiar; $Uf;fkhf tpgupf;Ff. 

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

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

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

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

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

(B)  (i)  NkYs;s tiuglj;jpy; fl;likg;Gfs; p, q vd;gtw;iwg; ngaupl;L> mtw;wpd; xt;nthU 

njhopiyAk; vOJf. 

 

 

   

 p 

q

   fl;likg;G                   njhopy; 

p  .................................... ....................................................................................

q .................................... ....................................................................................
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(ii) Selaginella ,d; tho;f;if tl;lj;jpy; fhzg;gLfpd;w tpj;Jfspd; $u;g;Gf;Ff; fhuzkhd 

Kf;fpa ,ay;G ahJ?  

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

(iii)  tpj;J cwq;Fepiy vd;why; vd;d?   

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

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

(iv) cwq;Fepiy jtpu;e;j> tpj;Jfspd; jiutho;Tf;Fupa ,irthf;fq;fs; ,uz;ilf; Fwpg;gpl;L> 

mtw;wpd; xt;nthU gad; tPjk; Fwpg;gpLf.  

       ,irthf;fk;       gad;   

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

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

(v)  (a)  jhtuq;fspdhy; Kfq;nfhLf;fg;gLfpd;w ,uz;L capupypj; jifg;Gfisg; ngaupLf.   

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

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

(b) capUf;Fupa jifg;GfSf;fhd J}z;lw;NgWfshf jhtuq;fspy; fhzg;gLk; ,uz;L 

fhg;Gf;Fupa nghwpKiwfisj; jUf.        

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

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

(c)  capUf;Fupa jifg;Gfis ntw;wpfukhf Kfq;nfhLg;gjw;Fj; jhtuq;fspy; fhzg;gLk; 

Nrjdr; Nru;itf; $l;lq;fs; ,uz;ilg; ngaupLf. 

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

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

(C)  gpd;tUk; FLk;g tpUl;rk; eh cUl;Lk; jfTf;fhd ghuk;gupaf; Nfhyj;ijf; fhl;Lfpd;wJ.  

eh cUl;lf; $ba jfT (√) milahsj;jpdhYk; eh cUl;l Kbahj jd;ik (X) milahsj;jpdhYk; 

Fwpg;gplg;gl;Ls;sJ.  
 

         ghl;b  jhj;jh 

    (√)	 	           (X)

         je;ij  jha; 

     				(√)	 	 	 						 										(X)

              

        A - kfs;     B - kfs;      kfd;

    	 					(√)	 		 							(X)		 								(√) 

(i)  eh cUl;lf;$ba jfT 'R' vd;w vjpUUthYk; gpd;dpilthd vjpUU 'r' vd;w vjpUUthYk; 

fhl;lg;gLk; vdf;nfhz;L fPo;f; Fwpg;gplg;gl;Ls;stu;fspd; gpwg;Gupikaikg;igf; Fwpg;gpLf. 

(a)  ghl;b    :  .....................................................................................................................

(b)  jha;   :  .....................................................................................................................

(c)  A - kfs;   : ......................................................................................................................
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(ii) kfdpd; gpwg;Gupikaikg;Gf;nfhz;l igad; xUtid A - kfs; kzKbj;jhy;>     

(a)  eh cUl;lf; $ba jftw;w mtu;fspd; KjyhtJ Foe;ijf;fhd epfo;jfT vd;d?

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

(b)  eh cUl;lf; $ba jfTs;s> KjyhtJ Mz; Foe;ijf;fhd epfo;jfT vd;d?  

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

(iii)  XxYYTt vd;w gpwg;Gupikaikg;Gf; nfhz;l jhtunkhd;W jw;fUf;fl;lg;gl;lhy; ngwg;gLk; 

vr;rq;fspd; Njhw;wtikg;GfspdJk; gpwg;Gupikaikg;GfspdJk; vz;zpf;ifiaf; 

Fwpg;gpLf.    

Njhw;wtikg;Gfspd; vz;zpf;if        : .....................................................................................

gpwg;Gupikaikg;Gfspd; vz;zpf;if : .....................................................................................

(iv) \gy;jpUg;gTz;ik| (Pleiotrophy) vd;gjhy; tpsq;FtJ ahJ?        

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

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

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

(v) gy;jpUg;gTz;ikf;fhd xU cjhuzkhff; fUjg;glf;$ba kdpjg; ghuk;gupa xOq;fPdk; 

xd;iwg; ngaupLf.         

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

(vi) gpd;tUk; ghuk;gupa khw;wpaikg;Gr; nra;ag;gl;l mq;fpfis cw;gj;jpahf;Ftjpy; 

gad;gLj;jg;gLk; xU Ez;zq;fpiag; ngaupLf. 

(a) jq;f muprp           (- ..................................................................................

(b) G+r;rp gPil vjpu;g;Gs;s gapu;fs; (- ..................................................................................

4.   (A)  (i)  (a) ,d;Nuhd;fSf;Fk; vf;Nrhd;fSf;Fk; ,ilNaAs;s gpujhd NtWghL ahJ?   

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

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

(b) DNA gFg;gha;tpy; ,d;Nuhd;fspd; Kf;fpaj;Jtk; vd;d?        

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

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

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

(ii)  (a) nghypkNu]; rq;fpypj; jhf;f tl;lj;jpYs;s %d;W gbfs; vit?     

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

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

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

(b) kdpj [PNdhk; nraw;wpl;lj;jpy; cjw;Fg; nghypkNu]; rq;fpypj; jhf;f tl;lk;  
gad;gLj;jg;gLfpd;wJ?        

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

(iii)  gpd;tUtdtw;wpy; gad;gLj;jg;gLk; xU nehjpaj;ijg; ngaupLf.  

(a)  epug;Gfpd;w DNA ,d; njhFg;G        :  .................................................................................

(b)  DNA tpuyilahsj; njhopDl;gk; : .................................................................................
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(iv)  (a) guk;giuayFj; njhopDl;gj;jpy; \nu];bupf;rd; khg;| (Restriction map) vd;gjhy; tpsq;FtJ 
ahJ?    

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

(b) guk;giuayF Kistifg; ngUf;fj;jpy; nu];bupf;rd; khg;fspd; (Restriction map) 
Kf;fpaj;Jtq;fs; ,uz;ilf; Fwpg;gpLf.        

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

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

 (B)  (i)  (a)  Ez;Zapupaypy; fpUkpaopj;jy; vd;gjhy; tpsq;FtJ ahJ?    

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

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

(b) fpUkpaopj;jy; Kftu;fshfg; gad;gLj;jg;gLk; ,uz;L thAf;fisg; ngaupLf.         

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

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

(ii)  Neha;j;jilg;ghy; (Vaccine) vd;why; vd;d?   

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

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

(iii) epu;g;gPldkhf;fypy; gad;gLj;jg;gLk; %d;W tifahd Neha;j;jilg;ghy;fisf; Fwpg;gpLf.     

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

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

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

(iv)  MMR Neha;j;jilg;ghy; %yk; jLf;fg;glf;$ba njhw;WNeha;fs; %d;W jUf.    

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

(v) Ez;zq;fpfspd; Rw;whlYf;Fupa gpuNahfq;fs; ,uz;ilf; Fwpg;gpLf.     

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

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

 (C)  (i)  (a)  mq;fpfis ePu;tho; capupdq;fis tsu;g;Gr; nra;tjd; gpujhdkhd Kf;fpj;Jtj;ijf; 

Fwpg;gpLf.  

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

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

(b)  ePu;tsu;g;Gf;Fj; njupT nra;ag;gLk; ,dk; xd;wpy; cs;s tpUk;gj;jF ,ay;Gfs; 

,uz;L jUf.  

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

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

(ii)  (a) ,yq;ifapy; tsu;g;Gr; nra;ag;gLk; ,uz;L gpugykhd myq;fhu kPd; ,dq;fisg; 

ngaupLf.    

...................................................................     ....................................................................
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(b)  ,yq;ifapy; tsu;g;Gr; nra;ag;gLk; myq;fhu kPd;fspilNa fhzg;gLk; ,uz;L 

nghJthd Neha;fisg; ngaupLf.

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

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

(c)  myq;fhu kPd;tsu;g;G #oy; kPJ jhf;fj;ij Vw;gLj;Jk; ,uz;L topfisf; Fwpg;gpLf.   

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

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

(iii)  (a) Mf;fpukpg;G ,dk; vd;why; vd;d?    

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

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

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

(b)  ,yq;ifapYs;s ePu;j; Njf;fq;fspy; fhzg;gLk; Mf;fpukpg;G tpyq;F xd;iwAk; 

Mf;fpukpg;Gj; jhtuk; xd;iwAk; ngaupLf. 

tpyq;F  ...............................................................................................................

jhtuk;  ...............................................................................................................

(iv)  CITES ,d; Fwpf;Nfhs; vd;d?    

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

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

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

(v)  (a) %yf; fyq;fs; (Stem cells) vd;why; vd;d?    

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

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

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

(b)  %yf; fyq;fspd; %yq;fs; ,uz;ilf; Fwpg;gpLf.  

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

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

(c)  %yf; fyq;fspd; gpuNahfk; xd;iwj; jUf.   

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

* *
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gFjp B - fl;Liu

5.  (a)   fyr;Rthrk; vd;gjhy; fUjg;gLtJ ahJ?  

 (b)  irw;Nwhnrhy;ypy; eilngWk; fyr;Rthrr; nrad;Kiwiar; RUf;fkhf tpsf;Ff. 

 (c)  Kisf;Fk; tpj;Jf;fspd; Rthr tPjj;ij Jzptjw;fhf tpQ;Qhd Ma;T$lj;jpy; Nkw;nfhs;sf;$ba> 

xl;rprd; cs;nsLj;jiy mbg;gilahff; nfhz;l gupNrhjidapd; gbKiwfis vOJf. 

6.  (a)  tiff;Fupa Kjyhd ,Utpj;jpiyapj; jz;bd; FWf;F ntl;LKfj;jpd; fl;likg;ig RUf;fkhf 

tptupj;J> mjpy; fhzg;gLk; ntt;NtW ,ioaq;fspd; njhopy;isf; Fwpg;gpLf. 

 (b)  Kjyhd ,Utpj;jpiyap Ntupd;  FWf;Fntl;bd; fl;likg;G vt;thW NkYs;s fl;likg;gpypUe;J 

NtWgLfpd;wnjd tptupf;f.

7. (a)  xUrPu;j;jplepiy vd;gjhy; fUjg;gLtJ ahJ?   

 (b)  kdpjdpd; FUjpapy; FSf;NfhR kl;lk; rPuhf;fg;gLtJ vt;thW vd;gij tpgupf;Ff. 

8. (a)   Nehahf;Fepiyapy; cf;fpuf; fhuzpfspd; jhf;fj;ij tpsf;Ff.

 (b) kdpjdpy; Ez;zq;fpfspdhy; Vw;gLk; Neha;fisf; fl;Lg;gLj;Jtjw;Fg; gad;gLk; %Nyhghaq;fis 

tpsf;Ff.

9. (a)  #ow;njhFjp vd;why; vd;d vd;gij tpsf;Ff.  

 (b) ,yq;ifapd; ehd;F gpujhd fhl;Lr; #ow;njhFjp tiffspd; rpwg;gpay;Gfisr; RUf;fkhf 

tpsf;Ff.

10.  gpd;tUtdtw;wpy; rpWFwpg;G vOJf.

(a) $u;g;gpy; ,aw;ifj; Nju;Tf; nfhs;if 

(b) kdpjdpd; ,jatl;lk;   

(c) FNshdp nra;Ak; fhtpfs; (cloning vectors)  

* * *
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(10) ,ize;j fzpjk;

tpdhj;jhs; fl;likg;G

tpdhj;jhs; I  - Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplq;fs;;)
  ,t;tpdhj;jhs; ,U gFjpfisf; nfhz;Ls;sJ.

gFjp A  :   gj;J tpdhf;fs;. vy;yh tpdhf;fSf;Fk; tpil vOj Ntz;Lk;.

xt;nthU tpdhTf;Fk; 25 Gs;spfs; tPjk; 250 Gs;spfs;.

gFjp B  :  VO tpdhf;fs;. Ie;J tpdhf;fSf;F tpil vOj Ntz;Lk;. 

xt;nthU tpdhTf;Fk; 150 Gs;spfs; tPjk; 750 Gs;spfs;.

tpdhj;jhs; I ,w;F nkhj;jg; Gs;spfs; =  1000

tpdhj;jhs; II  - Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplq;fs;;)
  ,t;tpdhj;jhs; ,U gFjpfisf; nfhz;Ls;sJ.

gFjp A   :  gj;J tpdhf;fs;. vy;yh tpdhf;fSf;Fk; tpil vOj Ntz;Lk;. 

xt;nthU tpdhTf;Fk; 25 Gs;spfs; tPjk; 250 Gs;spfs;.

gFjp B   :  VO tpdhf;fs;. Ie;J tpdhf;fSf;F tpil vOj Ntz;Lk;. 

xt;nthU tpdhTf;Fk; 150 Gs;spfs; tPjk; 750 Gs;spfs;.

  tpdhj;jhs; II ,w;F nkhj;jg; Gs;spfs; =  1000

,Wjpg; Gs;spfisf; fzpj;jy; (   tpdhj;jhs; I    =  1000
  tpdhj;jhs; II     =     1000
             ,Wjpg; Gs;sp     =       2000 ÷ 20 =  100 
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(10) ,ize;j fzpjk; 
tpdhj;jhs; I 

gFjp A 

1. fzpjj; njhFj;jwpTf; Nfhl;ghl;ilg; gad;gLj;jp> vy;yh n ∈ Z
+ 
,w;Fk; 6n 

− 1 MdJ 5 ,dhy; 
tFgLnkd epWTf.

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

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

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

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

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

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

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

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

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

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

2. rkdpyp 2  x − 3  ≤ 2 + x  Ij; jpUg;jpahf;Fk; x ,d; vy;yh nka;g; ngWkhdq;fspdJk; njhiliaf;  
fhz;f. 

 ,jpypUe;J> 2   x + 3  ≤ 2 − x Ij; jPu;f;f.

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

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

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

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

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

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

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

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

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

.............................................................................................................................................................
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3. Xu; Mfz; tupg;glj;jpy;  z − i  ≤ 1> π
4

 ≤ Arg (z − i) ≤ 3π
 4

 vd;Dk; epge;jidfisj; jpUg;jpahf;Fk; 

rpf;fnyz;fs; z  I tifFwpf;Fk; gpuNjrk; R   I epow;Wf. 
 gpuNjrk;  R ,y; z ,w;F Re z + Im z ,d; cau;e;jgl;rg; ngWkhdj;ij vOJf. 

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

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

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

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

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

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

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

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

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

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

4.  1
6

 lim 
x → 0 x 

2

[(8 + x) sin 2x       
1
3

− 2]       =   vdf; fhl;Lf.

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................................
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5. ePs;tisak; +  x2

16
 y2

 9
= 1  ,w;Fg; Gs;sp P ≡ (4 cos θ, 3 sin θ) ,y; tiuag;gLk; njhlypapd; rkd;ghL 

x
4

 cos θ  +  y
3

 sin θ = 1 vdf; fhl;Lf. 

Nkw;Fwpj;j ePs;tisaj;jpw;F P ,y; tiuag;gLk; nrt;td; Gs;sp (0,     7
6

)−  ,D}lhfr; nry;yj;jf;fjhf 

θ  (0 < θ <  π
2

) ,d; ngWkhdj;ijf; fhz;f.

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

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

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

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

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

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

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

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

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

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

6. x If; Fwpj;J  [ [
5
3

4
3

tantan−1 (   ) + x
2

 I tifapLf. ,jpypUe;J> ∫       dx 
5 + 4 sin x

 If; fhz;f.
        

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................................
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7. tisap  y =    x
√ x2+9

, Neu;NfhL x = 3, x− mr;R Mfpatw;wpdhy; tiug;Gw;w gpuNjrk; S vdf; nfhs;Nthk; 

(cUitg; ghu;f;f). S I x− mr;irg; gw;wp 2π MiuadpD}lhfr; Row;Wk;NghJ gpwg;gpf;fg;gLk; 

jpz;kj;jpd; fdtsT 3π (1        )     −   π4     
 vdf; fhl;Lf.

 
  

3

S

x

y

  

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

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

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

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

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

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

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

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

8. Gs;sp (2, 1) ,D}lhfr; nry;Yk; xU khWk; Neu;NfhL x− mr;irAk; y− mr;irAk; KiwNa P, Q vd;Dk; 

Gs;spfspw; re;jpf;fpd;wJ. PQ ,d; eLg; Gs;sp  R MFk;. Gs;sp R MdJ tisap x + 2y = 2xy kPJ 
fplf;fpd;wnjdf; fhl;Lf.

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

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

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

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

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

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

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

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

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

.............................................................................................................................................................
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9. (0, 0)> (0, 2) vd;Dk; Gs;spfspD}lhfr; nry;tJk; tl;lk;  x2 + y2  − 2x + 4y − 6 = 0 ,d; gupjpia 
,U$wpLtJkhd tl;lj;jpd; rkd;ghl;ilf; fhz;f. 

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

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

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

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

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

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

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

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

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

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

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

10.  √3 cos x − sin x I tbtk; R cos (x+α) ,y; vLj;Jiuf;f; ,q;F R > 0 ck; 0 < α < π
2

 ck; MFk;.

 ,jpypUe;J>  √3 cos 2x − sin 2x + 1 = 0 Ij; jPu;f;f.

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

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

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

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

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

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

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

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

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

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

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

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

.............................................................................................................................................................
*  *
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gFjp B

11.  (a) a> b Mfpad ,U NtWNtwhd nka;naz;fnsdf; nfhs;Nthk;. rkd;ghL x2  + 2bx +2ab = a2

 ,d; %yq;fs; nka;ahditAk; NtWNtwhditAkhFk; vdf; fhl;Lf.  
 a ≠ 2b  MfTk; a  ≠ 0 MfTk; ,Ue;jhy; - ,Ue;jhy; khj;jpuk; Nkw;Fwpj;j rkd;ghl;bd; %yq;fs; 

α> β Mfpa ,uz;Lk; G+r;rpakw;wd vdf; fhl;Lf. 
 ,g;NghJ a ≠ 2b vdTk; a ≠ 0 vdTk; nfhs;Nthk;. α

β
> β

α
 Mfpatw;iw %yq;fshff; nfhz;l 

,Ugbr; rkd;ghl;ilf; fhz;f. 

(b) f (x) vd;gJ 2 ,Yk; $ba gbiaf; nfhz;l xU gy;YWg;gp vdTk; p, q  Mfpad NtWNtwhd 

nka;naz;fs; vdTk; nfhs;Nthk;. kPjpj; Njw;wj;ij ,U jlit gpuNahfpg;gjd; %yk;  f (x)  

MdJ (x − p) (x − q) ,dhy; tFf;fg;gLk;NghJ kPjp  f (q) − f (p)
    q − p

(x − p) + f (p) vdf; fhl;Lf. 
 

 g(x) = x3 + ax2 + bx + 1 vdf; nfhs;Nthk;;  ,q;F  a, b ∈ IR MFk;. g(x) MdJ (x − 2) ,dhy; 

tFf;fg;gLk;NghJ cs;s kPjp>  g(x) MdJ (x − 1) ,dhy;  tFf;fg;gLk;NghJ cs;s kPjpapd; 

Kk;klq;F vdTk; g(x) MdJ (x − 1) (x − 2) ,dhy; tFf;fg;gLk;NghJ cs;s kPjp kx + 5 vdTk; 

jug;gl;Ls;sJ; ,q;F k ∈ IR MFk;. a, b> k Mfpatw;wpd; ngWkhdq;fisf; fhz;f.

 

12.  (a) (1 + x)2 (2x2 −      )10
 1
2x

,d; tpupapy; x  Ir; rhuhj cWg;G −15 vdf; fhl;Lf. 

(b) ntt;NtW nraw;wpwd; rhjidfisf; nfhz;l  8 FWfpa J}u Xl;l tPuu;fspypUe;J 4 Xl;l 
tPuu;fisf; nfhz;l Xu; mQ;rNyhl;lf; FOitj; njupe;njLf;f Ntz;bAs;sJ. mtu;fspy; Fiwe;j 

jpwidf; fhl;bAs;s tpisahl;L tPuu; njupe;njLf;fg;gl;lhy;> $Ljyhd jpwidf; fhl;bAs;s 

tpisahl;L tPuUk; njupe;njLf;fg;gLthu;; Mdhy; Fiwe;j jpwidf; fhl;bAs;s tpisahl;L tPuu; 

njupe;njLf;fg;glhky; $Ljyhd jpwidf; fhl;bAs;s tpisahl;L tPuu; njupe;njLf;fg;glyhk;. 

,t;thW Mf;fg;glj;jf;f ntt;NtW mQ;rNyhl;lf; FOf;fspd; vz;zpf;ifiaf; fhz;f. 

(c) r ∈ Z
+ 
,w;F ur  = 

(r + 1)2  (r + 2)2

2r2 − 5   vdTk;  f (r) = 
λ r + μ
(r + 1)2

 vdTk; nfhs;Nthk;; ,q;F λ> μ Mfpad 

nka;k; khwpypfs;. r ∈ Z
+ 
,w;F ur = f (r) − f (r + 1) Mf ,Uf;fj;jf;fjhf λ > μ Mfpatw;wpd; 

ngWkhdq;fisf; fhz;f. 

 n ∈ Z
+ 
,w;F Sn = Σ 

r = 1

n  
ur  vdf; nfhs;Nthk;. n ∈ Z

+
  ,w;F Sn = 1

4
− (2n + 1)

(n + 2)2  
 vdf; fhl;Lf.

 Kbtpy; njhlu;  Σ 
r = 1

∞ 
ur   xUq;Ffpd;wnjd ca;j;jwpe;J> mjd; $l;Lj;njhifiaf; fhz;f..  

13. (a) a, b, c ∈ IR vdf; nfhs;Nthk;;. mj;Jld;,  A  = ( )1    2     1
a    3   −1                            ,  B = ( )2    b     1

b   1     c              > C = ( )                                                      c   2a + c
1        b       

vdTk; nfhs;Nthk;. 

  ABT = C Mf ,Uf;fj;jf;fjhf a, b> c Mfpatw;wpd; ngWkhdq;fisf; fhz;f. 

  a, b> c Mfpatw;wpd; ,g;ngWkhdq;fSf;F (CT)
−1
 
If; fz;L> ,jpypUe;J> C

−1 P CT = 5C Mf 

,Uf;fj;jf;fjhfj; jhak; P If; fhz;f. 
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(b) xU Neu; KOntz; Rl;bf;fhd j Nkha;tupd; Njw;wj;ijg; gad;gLj;jp z = cos  θ + i sin θ vdpd;> 

z−n = cos nθ − i sin nθ  vdf; fhl;Lf ; ,q;F θ ∈ IR ck; n ∈ Z
+ 
ck; MFk;.

  √3 −1+ i > √3  + i   vd;Dk; rpf;fnyz;fs; xt;nthd;iwAk; tbtk; r(cos θ + i sin θ ) ,y; 

vLj;Jiuf;f; ,q;F r > 0 ck; −π < θ  ≤ π  ck; MFk;. 

 m, n ∈ Z
+ 
vdf; nfhs;Nthk;. 

(−1+ i√3 )n 

(√ 3 + i)m 
= 8 vdpd;> n = m + 3 vdTk; n = 4k−1 vdTk; fhl;Lf ; 

,q;F k ∈ Z
 
.

14. (a) x ≠ −2 ,w;F  f (x) = 
 (x + 1)
 (x + 2)2

 
 vdf; nfhs;Nthk;.  f (x)  ,d; ngWjp f ʹ(x) MdJ x  ≠ −2     ,w;F 

  f ʹ(x) =    − x
 (x + 2)3

 
  ,dhy; jug;gLfpd;wnjdf; fhl;Lf. 

x  ≠ −2 ,w;F    ́ʹf (x) = 2(x − 1) 
(x + 2)4

 
  vdj; jug;gl;Ls;sJ; ,q;F    ́ʹf (x) MdJ f (x) ,d; ,uz;lhk; ngWjpiaf; 

Fwpf;fpd;wJ.

mZFNfhLfs;> jpUk;gw; Gs;sp> tpgj;jpg; Gs;sp Mfpatw;iwf; fhl;b y = f(x) ,d; tiuigg; 

gUk;gbahf tiuf.

(b) xU fl;llj;jpd; xU epiyf;Fj;Jr; RtupypUe;J 27 m  J}uj;jpy; 

8m cauKs;s xU Ntyp cs;sJ.  cUtpy; fhl;lg;gl;Ls;sthW 

Xu; Vzp mjd; fPo; Kid fpilj; jiu kPJ ,Uf;FkhW Ntypf;F 

kl;Lkl;lhf NkNy nrd;W> Rtiu milAkhW itf;fg;gl;Ls;sJ. 

Vzpapd; ePsk; y m vdTk; Vzp fpilAld; Mf;Fk; Nfhzk; θ  

vdTk; nfhs;Nthk;. y I θ  ,d; xU rhu;ghf vLj;Jiuf;f.                                        

  θ = tan−1 2
3( ) Mf ,Ue;jhy; - ,Ue;jhy; khj;jpuk; dy

dθ
=  0 vdf; fhl;Lf.

    cupa Mapilfspy; dy
dθ

,d; Fwpiaf; fUJtjd; %yk; kpff; FWfpa mj;jifa Vzpapd; 

ePsj;ijf; fhz;f.  

15.  (a) gFjpg; gpd;dq;fisf; nfhz;L 
          4
(x − 1) (x + 1)2

I vLj;Jiuf;f. 

  
  ,jpypUe;J> ∫             1(1 − e−x) (1 + ex)2

dx If; fhz;f.

(b) gFjpfshfj; njhifapliyg; gad;gLj;jp  ∫ x2 (sin x + 2 cos x) dx        If; fhz;f.
  

(c)  #j;jpuk;  

- 8 -
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14. (a) Let f(x) = 
 (x + 1)
 (x + 2)2

 
 for x ≠ −2. Show that f ́ (x), the derivative of f(x), is given by f ́ (x) =    − x

 (x + 2)3
 
 

 for x  ≠ −2. 

 It is given  that    ́ʹf (x) = 2(x − 1) 
(x + 2)4

 
  for  x  ≠ −2, where    ́ʹf (x) denotes the second derivative of f (x).

 Sketch the graph of y = f(x) indicating the asymptotes, turning point and the point of inflection. 

     (b) A fence, 8 m tall, is at a distance of 27 m from a vertical  wall of a building. A ladder with its 
  lower end on the horizontal ground goes just over the fence and reaches the wall as shown 

  in the figure. Let y m be the length of the ladder and θ  be the angle it makes with the 

  horizontal. Express y as a function of θ.                                        

  Show that dy
dθ

= 0 if and only if θ = tan−1 2
3( ). 

  By considering the sign of dy
dθ

in appropriate intervals, find the 

  length of the shortest such ladder.  

15. (a) Express 
          4
(x − 1) (x + 1)2

in partial fractions. 

  Hence, find  ∫             1(1 − e−x) (1 + ex)2
dx.

     (b) Using integration by parts, find  ∫ x2 (sin x + 2 cos x) dx.

  
     (c)     Establish the formula ∫ ∫ 

π π

0 0

x  f (sin x) dx =  f (sin x) dx. π
2

   
  Hence, show that ∫ 

π

0

 x  sin x    
 (2 − sin2x)  

π2

4
dx =      .

16. Let A ≡ (−1, 1) and l be the straight line given by  x + y  = 7. Find the coordinates of the points 

 B and C on l such that ABC
∧

 = ACB 
∧

 = tan−1 (7). 

  Also, find the equation of the bisector m of the angle  BAC 
∧

.

 Write down the equation of the circle with BC as a diameter and hence write down the equation

 of any circle through B and C in terms of a parameter. 

       Deduce the equation of the circle S that passes through the points  A, B and C' 

 Also, find the coordinates of the points of intersection, of the circle S and the straight line m. 
 

R

y m

θ
8 m 

  27 m

 I epWTf.
   
  

  ,jpypUe;J> ∫ 
π

0

x sin x    
 (2 − sin2x)  

π2

4
dx =       vdf; fhl;Lf.

R
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14. (a) x  ≠ −2 i|yd f (x) =  (x + 1)
 (x + 2)2

 
  hehs .ksuq' f (x) ys jHq;amkakh jQQ f ʹ(x) hkak x  ≠ −2 i|yd 

 f ʹ(x) =    − x
 (x + 2)3

 
  u.ska fokq ,nk nj fmkajkak'  

 x  ≠ −2 i|yd   ́ʹf (x) = 2(x − 1) 
(x + 2)4

 
  nj ° we;; fuys    ́ʹf (x) u.ska f(x) ys fofjks jHq;amkakh olajhs' 

 iamr®fYdakauqL" yereï ,laIHh yd k;sjr®;k ,laIHh olajñka y = f (x) ys m%ia;drfha o< igykla 

 w|skak' 

     (b) f.dvke.s,a,l isria ì;a;shl isg 27 m  ≥rlska" 8 m la Wi jegla we;' rEmfha olajd we;s m˙†" 

  bKsu.la tys my< fl<jr ;sria fmdf<dj u; we;sj jegg hka;ï by<ska f.dia ì;a;sh lrd <`.d

  fõ' bKsuf.ys †. y m hehs o bKsu. ;sri iuÛ idok fldaKh θ  hehs o .ksuq' y hkak θ  ys 

  Y%%s;hla f,i m%%ldY lrkak'                 

y m

θ
8 m 

  27 m

  
                                           

  
dy
dθ

=  0  jkafka θ = tan−1 2
3( ) u kï muKla nj fmkajkak'

  iq≥iq m%%dka;r;=< dy
dθ

ys ,l=K ie,lSfuka" flá;u tjka 

  bKsuf.ys †. fidhkak'

15. (a) Nskak Nd. weiqfrka 
          4
(x − 1) (x + 1)2

hkak m%%ldY lrkak' 

  ta khskaa" ∫             1(1 − e−x) (1 + ex) 2
dx fidhkak' 

     (b) fldgia jYfhka wkql,kh Ndú;fhka ∫ x2 (sinx + 2cosx) dx  fidhkak'

  
      (c)    ∫ ∫ 

π π

0 0

x  f (sin x) dx =  f (sin x) dxπ
2

iQQ;%%h msysgqjkak' 

  ta khska" ∫ 
π

0

 x  sin x    
 (2 − sin2x)  

π2

4
dx =  nj fmkajkak' 

16.  A ≡ �−1, 1� hehs o l hkq  x + y  = 7 u.ska fokq ,nk ir, fr®Ldj hehs o .ksuq'

 ABC
∧

 = ACB 
∧

 = tan−1(7) jk m˙† l u; jQQ B yd C ,laIHj, LKavdxl fidhkak' 

 ;jo BAC 
∧

fldaKfhys iuÉf√olh jk m ys iólrKh fidhkak' 

 BC úIalïNhla f,i jQQ jD;a;fhys iólrKh ,shd olajd ta khska B yd C yryd hk ´kEu 

 jD;a;hl iólrKh mrdñ;shla weiqfrka ,shd olajkak' 

      A, B yd C ,laIHh yryd hk S jD;a;fhys iólrKh wfmdaykh lrkak' 

 S jD;a;fha yd m ir, fr®Ldfõ f√ok ,laIHj, LKavdxl o fidhkak' 

f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - ,ize;j fzpjk;



-128-
- 128 -

fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - ,ize;j fzpjk;   

16. A ≡ (−1, 1) vdTk; l MdJ  x + y  = 7 ,dhy; jug;gLk; Neu;NfhL vdTk; nfhs;Nthk;.

 ABC
∧

 = ACB 
∧

 = tan−1 (7) MFkhW l kPJ cs;s B> C Mfpa Gs;spfspd; Ms;$Wfisf; fhz;f. 

 NkYk; BAC 
∧

,d; ,U$whf;fp m ,d; rkd;ghl;ilf; fhz;f.

 BC I xU tpl;lkhff; nfhz;l tl;lj;jpd; rkd;ghl;bid vOjp> mjpypUe;J, B> C Mfpatw;wpD}lhfr; 

nry;Yk; ve;j tl;lj;jpdJk; rkd;ghl;bid xU gukhdj;jpd; rhu;ghf vOJf.

       A, B> C Mfpa Gs;spfspD}lhfr; nry;Yk; tl;lk; S ,d; rkd;ghl;bid ca;j;jwpf.

 tl;lk; S ,dJk; Neu;NfhL m ,dJk; ntl;Lg; Gs;spfspd; Ms;$WfisAk; fhz;f.

 

17.  (a) cos3x cos 3x + sin3x sin 3x = cos3 2x vdf; fhl;Lf.

  ,jpypUe;J>  8 (cos3 x cos 3x + sin3 x sin 3x) = 1 Ij; jPu;f;f.

(b) ABC xU Kf;Nfhzpnadf; nfhs;Nthk;. BC   kPJ D> E vd;Dk; Gs;spfs;  BD : DE : EC = 1 : 2 : 3 Mf 

,Uf;fj;jf;fjhf vLf;fg;gl;Ls;sd. mj;Jld; BAD^ = α, DAE^ = β,  EAC^ =  γ  vdTk; nfhs;Nthk;. jFe;j 

Kf;NfhzpfSf;Fr; ird; newpiag; gad;gLj;jp sin(α + β) sin(β + γ) = 5 sinα  sin γ  vdf; fhl;Lf.

(c)   x  ≤ 1,  y  ≤ 1,  z  ≤ 1 vdf; nfhs;Nthk;. sin−1 x + sin−1 y + sin−1 z = π vdpd;>  

   x√ 1 − x2  + y√ 1 − y2 + z √ 1 − z2  = 2xyz vdf; fhl;Lf.

*  *  * 
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(10) ,ize;j fzpjk; 
  tpdhj;jhs;;  II   

 gFjp A  

1. m> λm vd;Dk; jpzpTfis cila ,U Jzpf;iffs; Xu; xg;gkhd fpil Nkir kPJ KiwNa u>   
vd;Dk; fjpfspy; xd;iwnahd;W Nehf;fp ,aq;Ffpd;wd. Neub nkhj;jYf;Fg; gpd;du; Jzpf;iffs;                             
     vd;Dk; rk fjpfspy; xd;wpypUe;J xd;W mg;ghy; ,aq;Ffpd;wd vdj; jug;gl;Ls;sJ. kPsikTf; 

Fzfk;     vdTk; λ ,d; ngWkhdk;       vdTk; fhl;Lf'  

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

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

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

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

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

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

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

2. xU fulhd fpil Nkir kPJ itf;fg;gl;Ls;s jpzpT  m I cila  

xU Jzpf;if Nkirapd; tpspk;Gf;Fr; nrq;Fj;jhf tpspk;gpy; 

epiyg;gLj;jg;gl;Ls;s xU rpwpa xg;gkhd fg;gpf;F Nkyhfr; nry;Yk; 

Xu; ,Nyrhd ePl;lKbahj ,ioapypUe;J RahjPdkhfj; njhq;Fk; 

jpzpT 2m I cila xU Jzpf;ifAld; ,izf ;fg ; gl ; Ls ;sJ .

,io ,Wf;fkhf ,Uf;ifapy; njhFjp Xa;tpypUe;J tpLtpf;fg;gLfpd;wJ. 

jpzpT m I cila Jzpf;iff;Fk; Nkirf;FkpilNa cs;s cuha;Tf; 

Fzfk; 
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(10) Combined Mathematics
Paper II 

Part A 

1. Two particles of masses m and λm move towards each other on a smooth horizontal table with speeds 

 u and 

PII 

Part A 

1.  Two particles of masses m and km, respectively move towards each other on a smooth 

horizontal table with speeds u and 
3
2u

 respectively. Given that the particles move with equal 

speeds 
2

u
away from each other after their direct impact, show that the coefficient of 

restitution is 
5

3
, and that the value of  k is 

7
9

. 

2.  A particle of mass m kg rests on a rough horizontal table. It is connected by a light 

inextensible sting which is perpendicular to the edge of the table and which passes over a 

small smooth pulley fixed at the edge of the table, to a particle of mass 2m which hangs 

freely under gravity. The coefficient of friction between the mass m and the table is 
4
1

. Show 

that the tension in the string as the system starts from rest, is mg
6

5
. 

 

3.    A light rod AB has two particles of masses m and 2m, respectively attached to the two ends  

A and B. The rod is held at rest in a horizontal position with its middle point C smoothly 

hinged to a fixed point, and the rod then moves in a vertical plane making an angle q  with 

the horizontal at time t. Using the principle of conservation of energy, show that the angular 

speed of the rod is given by 
a

g
dt
d

3
sin2 qq

= . 

 

4.    Two cars A and B move along a straight road in parallel lanes in the same direction. At time 

,0=t  the speeds of A and B are u and ,
4
u

 respectively. The car A moves with the same 

constant speed u and the car B moves with constant acceleration  until it reaches the speed 

4
5u

 
at Tt =  and maintains that speed afterwards. In the same diagram, sketch the velocity 

time graphs for the motions of the car A and the car B until B overtakes A. Hence, find the 

time at which the speeds of the cars are equal. 

 respectively. Given that the particles move with equal speeds 

PII 

Part A 

1.  Two particles of masses m and km, respectively move towards each other on a smooth 

horizontal table with speeds u and 
3
2u

 respectively. Given that the particles move with equal 

speeds 
2

u
away from each other after their direct impact, show that the coefficient of 

restitution is 
5

3
, and that the value of  k is 

7
9

. 

2.  A particle of mass m kg rests on a rough horizontal table. It is connected by a light 

inextensible sting which is perpendicular to the edge of the table and which passes over a 

small smooth pulley fixed at the edge of the table, to a particle of mass 2m which hangs 

freely under gravity. The coefficient of friction between the mass m and the table is 
4
1

. Show 

that the tension in the string as the system starts from rest, is mg
6

5
. 

 

3.    A light rod AB has two particles of masses m and 2m, respectively attached to the two ends  

A and B. The rod is held at rest in a horizontal position with its middle point C smoothly 

hinged to a fixed point, and the rod then moves in a vertical plane making an angle q  with 

the horizontal at time t. Using the principle of conservation of energy, show that the angular 

speed of the rod is given by 
a

g
dt
d

3
sin2 qq

= . 

 

4.    Two cars A and B move along a straight road in parallel lanes in the same direction. At time 

,0=t  the speeds of A and B are u and ,
4
u

 respectively. The car A moves with the same 

constant speed u and the car B moves with constant acceleration  until it reaches the speed 

4
5u

 
at Tt =  and maintains that speed afterwards. In the same diagram, sketch the velocity 

time graphs for the motions of the car A and the car B until B overtakes A. Hence, find the 

time at which the speeds of the cars are equal. 

 away from each other

 after their direct impact, show that the coefficient of restitution is 

PII 

Part A 

1.  Two particles of masses m and km, respectively move towards each other on a smooth 

horizontal table with speeds u and 
3
2u
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3. ePsk; 2a I cila Xu; ,Nyrhd Nfhy; AB ,d; A> B       
Mfpa ,U KidfSld; KiwNa m> 2m vd;Dk; 

jpzpTfis cila ,U Jzpf;iffs; 

,izf;fg;gl;Ls;sd. Nfhy; mjd; eLg;Gs;sp C xU 
epiyj;j Gs;spapy; xg;gkhfg; gpizf;fg;gl;L xU 

fpil miktpy;; jhq;fg;gl;L Xa;tpypUe;J 

tpLtpf;fg;gLfpd;wJ (cUitg; ghh;f;f). rf;jpf; fhg;Gf; 

Nfhl;ghl;ilg; gad;gLj;jp> Nfhy; fpilAld;  Nfhzk; 

θ  I Mf;Fk;NghJ  xt;nthU Jzpf;ifapdJk; fjp 

v MdJ v2 = 
3 

sinθ 2ga  ,dhy; jug;gLfpd;wnjdf; 

fhl;Lf.
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Neuk; t = 0  ,y; A> B Mfpad KiwNa u>    vd;Dk; fjpfspy; xU ghyj;ijf; fle;J nry;fpd;wd. 

fhu; A  mNj khwhf; fjp u cld; ,aq;Fk; mNj Ntis fhu; B  MdJ Neuk; t = T  ,y; fjp Mf 

,Uf;Fk; tiu khwh Mu;KLfYld; ,aq;fp> gpd;du; mNj fjpiag; NgZfpd;wJ. fhu; A ,dJk; fhu; 

B ,dJk; ,af;fq;fSf;fhd Ntf- Neu tiuGfis xNu tupglj;jpy; gUk;gbahf tiuf. 

 ,jpypUe;J> B MdJ A If; fle;J nry;tjw;F vLf;Fk; Neuj;ijj; Jzptjw;F xU rkd;ghl;bidg; 

ngWf. 

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

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

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

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

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

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

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

 
 
 

 

- 11 -

                             Structure of Question Papers and Prototype questions for G.C.E.(A.L.) Examination - 2019 Onwards - Combined Mathematics 

3. Two particles of masses m and 2m are attached to the two A

B
2m

m
C

 ends A and B respectively of a light rod AB of length 2a.
 The rod is held in a horizontal position with its middle 
 point C smoothly hinged to a fixed point, and released 
 from rest. (See the figure.) Using the Principle of 
 Conservation of Energy, show that the speed v of the 
 particles when the rod makes an angle θ with the
 horizontal is given by v2 = 

3 
sinθ .2ga   
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4. Two cars A and B move along a straight road in parallel lanes in the same direction. At time t = 0, 
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4.    Two cars A and B move along a straight road in parallel lanes in the same direction. At time 

,0=t  the speeds of A and B are u and ,
4
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 respectively. The car A moves with the same 

constant speed u and the car B moves with constant acceleration  until it reaches the speed 

4
5u

 
at Tt =  and maintains that speed afterwards. In the same diagram, sketch the velocity 

time graphs for the motions of the car A and the car B until B overtakes A. Hence, find the 

time at which the speeds of the cars are equal. 

respectively. Car A moves with the same 

 constant speed u and car B moves with constant acceleration until it reaches the speed 

PII 

Part A 

1.  Two particles of masses m and km, respectively move towards each other on a smooth 

horizontal table with speeds u and 
3
2u

 respectively. Given that the particles move with equal 

speeds 
2

u
away from each other after their direct impact, show that the coefficient of 

restitution is 
5

3
, and that the value of  k is 

7
9

. 

2.  A particle of mass m kg rests on a rough horizontal table. It is connected by a light 

inextensible sting which is perpendicular to the edge of the table and which passes over a 

small smooth pulley fixed at the edge of the table, to a particle of mass 2m which hangs 

freely under gravity. The coefficient of friction between the mass m and the table is 
4
1

. Show 

that the tension in the string as the system starts from rest, is mg
6

5
. 

 

3.    A light rod AB has two particles of masses m and 2m, respectively attached to the two ends  

A and B. The rod is held at rest in a horizontal position with its middle point C smoothly 

hinged to a fixed point, and the rod then moves in a vertical plane making an angle q  with 

the horizontal at time t. Using the principle of conservation of energy, show that the angular 
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 at 

 time t = T, and maintains that speed afterwards. In the same diagram, sketch the velocity - time

 graphs for the motions of car A and car B. 
 Hence, obtain an equation to determine the time taken by B to overtake A.
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3. Two particles of masses m and 2m are attached to the two A

B
2m

m
C

 ends A and B respectively of a light rod AB of length 2a.
 The rod is held in a horizontal position with its middle 
 point C smoothly hinged to a fixed point, and released 
 from rest. (See the figure.) Using the Principle of 
 Conservation of Energy, show that the speed v of the 
 particles when the rod makes an angle θ with the
 horizontal is given by v2 = 

3 
sinθ .2ga   
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5. 300 nkl;upf; njhd; jpzpTs;s xU Gifapujk; xU Neu;r; rkjsg; Gifapujg; ghij topNa khwhf; 

fjp 15 m s−1  cld; ,aq;Fk; mNj Ntis ,af;fj;jpw;fhd jil 50 N / nkl;upf; njhd; MFk;. 

Gifapujj;jpd; tYitf; fpNyhthw;wpw; fhz;f. 50 nkl;upf; njhd; jpzpTs;s gpw;gf;fg; ngl;b gpupe;J 

nry;Yk; mNj Ntis vQ;rpdpd; typg;G tpir khwhky; ,Uf;fpd;wJ. Gifapujj;jpd; vQ;rpa 

gFjpapd; Mh;KLfiyf; fhz;f. 

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

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

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

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

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

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

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

6. tof;fkhd Fwpg;gPl;by; xU epiyj;j cw;gj;jp O If; Fwpj;J A, B> C vd;Dk; %d;W Gs;spfspd; 

jhdf; fhtpfs; KiwNa 4i + j,  λi + μ j> i + 5j MFk;É ,q;F λ> μ  Mfpad Neu; khwpypfs;. ehw;gf;fy; 

OABC ,d; %iytpl;lq;fs; ePsj;jpy; rkkhditAk; xd;Wf;nfhd;W nrq;Fj;jhditAk; MFk;.  

I i> j Mfpatw;wpd; rhu;gpy; vOJf. vz;zpg; ngUf;fj;ijg; gad;gLj;jp λ = 4  vdTk; μ = 3 

vdTk; fhl;Lf' 
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5. A train of mass 300 metric tons is moving in a straight level track, with constant speed  15 m s−1 

 and the resistance to motion is 50 N per metric ton. Find the power of the train in kilowatts. 
 Rear coach of mass 50 metric tons gets dislodged while the tractive force of the engine is unaltered. 
 Find the acceleration of the remaining portion of the train. 
 .............................................................................................................................................................

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

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

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

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

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

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

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

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

6. In the usual notation, let 4i + j, λi + μ j and i + 5j be the position vectors of three points                 
 A, B and C respectively, with respect to a fixed origin O, where λ and μ are positive constants. The 
 diagonals of the quadrilateral OABC are equal in length and perpendicular to each other. Write 
 down 

5.    A train of mass 300 metric tons is moving in a straight level track, with constant speed          

15   m s-1 and the resistances to motion is 50 N per ton. Find the power of the train in 

kilowatts.  

Rear coach of mass 50 tons gets dislodged and the tractive force of the engine is unaltered. 

Show that the acceleration of the remaining portion of the train is 1 cm s-2 and that the rear 

coach comes to rest after moving a distance 2250 m. 
 

6.    In usual notation, let ji +4 , ji µl +  and ji 5+  be the position vectors of three points A, B 

and C  respectively, with respect to a fixed origin O, where l  and µ are positive constants. 

The diagonals of the quadrilateral OABC are equal and perpendicular to each other. Write 

down  AB  in terms of i  and .j  Using vectors, show that 4=l  and .3=µ  

 

7.   A smooth uniform rod AB of length 2a and weight W which goes through a small light 

smooth ring  P  has its end A on a smooth horizontal ground and the other end B in contact 

with a smooth vertical wall. The rod is kept in equilibrium, at an angle !60 to the horizontal, 

in a vertical plane perpendicular to the wall by a light inextensible string which connects the 

ring to the O point shown in the diagram. Show that !90ˆ =APO and write an equation or 

equations to determine the tension of the string.  

 
 

8. A particle of mass m is placed on a rough plane inclined at an angle a  to the horizontal 

satisfying the condition that µa >tan , where µ  is the coefficient of friction. The particle is 

held in equilibrium with a force P applied upwards to the particle along a line of greatest 

slope of the plane. Show that )cos(sin)cos(sin aµaaµa +££- mgPmg . 

 

9. Find the probability that the sum of the number of dots obtained in at most 3 tosses of an 

unbiased standard die with 1, 2, 3, 4, 5, and 6 dots marked on its six faces is exactly 6.  

 

10. The mean and the mode of the set of seven numbers a, b, 4, 5, 7, 4 and 5 are equal, where a 

and b are positive integers. Find the values of a and b, and show that the variance of the 

seven numbers is 
7
6

. 

AC in terms of  i and j.  Using scalar product, show that λ = 4 and μ = 3.

 .............................................................................................................................................................
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7.  xU rpwpa ,Nyrhd xg;gkhd tisak; P ,D}lhfr; nry;Yk; ePsk; 2a 
IAk; epiw W IAk; cila Xu; xg;gkhd rPuhd Nfhy; AB ,d; Kid 

A Xu; xg;gkhd fpilj; jiu kPJk; kw;iwa Kid  B Xu; xg;gkhd 

   epiyf;Fj;Jr; Rtiuj; njhl;Lf; nfhz;Lk; cs;sd. fpilAld; 60° 
Nfhzj;ij Mf;fpf; nfhz;L RtUf;Fr; nrq;Fj;jhd xU epiyf;Fj;Jj; 

jsj;jpy; Nfhy; cUtpy; fhl;lg;gl;Ls;sthW Gs;sp O cld; P I ,izf;Fk; 

Xu; ,Nyrhd ePl;l Kbahj ,ioapdhy; ehg;gj;jpy; itf;fg;gl;Ls;sJ.                               

- 13 -
                 w'fmd'i'^W'fm<& úNd.h - 2019 iy bkamiqj meje;afjk úNd. i|yd m%Yak m;% jHQyh yd uQ,dlD;s m%Yak - ixhqla; .◊;h 

7. l=vd ieye,aÆ iqug P uq≥jla ;=<ska hk †. 2a yd nr W jQ iqug taldldr
B

AO

P

 AB oKavla tys A flf<jr iqug ;sria f.ìula u; o wfkla B flf<jr 

 iqug isria ì;a;shla iamr®Y fjñka o ;sfí' ;srig 60°l fldaKhla 

 idoñka ì;a;shg ,ïn isria ;,hl oKav iu;=,s;;dfõ ;nkq ,en 

 we;af;a uq≥j rEmfhys fmkajd we;s m˙† jQQ O ,laIHhg hd lrk ieye,aÆ 

 wú;kH ;ka;=jla u.sks' 

 

 

5.    A train of mass 300 metric tons is moving in a straight level track, with constant speed          

15   m s-1 and the resistances to motion is 50 N per ton. Find the power of the train in 

kilowatts.  

Rear coach of mass 50 tons gets dislodged and the tractive force of the engine is unaltered. 

Show that the acceleration of the remaining portion of the train is 1 cm s-2 and that the rear 

coach comes to rest after moving a distance 2250 m. 

 

6.    In usual notation, let ji 43 + , jl  and ji 43 +-  be the position vectors of three points A, B 

and C  respectively, with respect to a fixed origin O, where l  is a real constant. Show that 

the diagonals of the quadrilateral OABC intersect orthogonally. Find values of l  such that 

ABC  is an  equilateral triangle.  

 

7.   A smooth uniform rod AB of length 2a and weight W which goes through a small light 

smooth ring  P  has its end A on a smooth horizontal ground and the other end B in contact 

with a smooth vertical wall. The rod is kept in equilibrium, at an angle !60 to the horizontal, 

in a vertical plane W  perpendicular to the wall by a light inextensible string which connects 

the point O to the ring, where O is the point at which the plane W  meets the common edge of 

ground and the wall. Show that !90ˆ =APO .  

Let C be the point such that OACB is a rectangle. By taking moments about C, find the tension 

of the string. [Assume that the perpendicular distance from C  to the string is
2
a

.]  

8. A particle of mass m is placed on a rough plane inclined at an angle a  to the horizontal 

satisfying the condition µa >tan , where µ  is the coefficient of friction. The particle is 

held in equilibrium with a force P applied upwards to the particle along a line of greatest 

slope of the plane. Show that )cos(sin)cos(sin aµaaµa +££- mgPmg . 

 

9. Find the probability that the sum of the number of dots obtained in at most 3 tosses of an 

unbiased standard die with 1, 2, 3, 4, 5, and 6 dots marked on its six faces is exactly 6.  

10. 

 nj fmkajd ;ka;=fõ wd;;sh 

 ksr®Kh ls¯ug m%udKj;a iólrK ,shd olajkak' 

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

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

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

8. ialkaOh m jQ wxY=jla ;srig α fldaKhlska wdk; rΩ ;,hla u; ;nd we;' fuys μ (< tan α) 

 hkq wxY=j yd ;,h w;r >r®IK ix.=Klh fõ' wxY=j iu;=,s;;dfõ r|jd we;af;a ;,fha Wm˙u 

 nEjqï fr®Ldj †f.a Wvq w;g wxY=jg fh¥ P  n,hla u.sks' 
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9. Find the probability that the sum of the number of dots obtained in at most 3 tosses of an 

unbiased standard die with 1, 2, 3, 4, 5, and 6 dots marked on its six faces is exactly 6.  
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 nj fmkajkak' 

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

vdf; fhl;b> ,ioapd; ,Oitiaj; Jzptjw;Fg; Nghjpa 

rkd;ghLfis vOJf. 

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

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

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

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

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

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

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

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

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

8. jpzpT m I cila xU Jzpf;if fpilAld; Nfhzk; α ,w; rha;e;j xU fulhd jsj;jpd; kPJ  

itf;fg;gl;Ls;sJÉ ,q;F μ (< tan α) MdJ Jzpf;iff;Fk; jsj;jpw;FkpilNa cs;s cuha;Tf; 

FzfkhFk;. jsj;jpd; Xu; mjpAau; rupTf; NfhL topNa Jzpf;iff;F Nky; Nehf;fpg; gpuNahfpf;fg;gLk; 

xU tpir P  ,dhy; Jzpf;if ehg;gj;jpy; Ngzg;gLfpd;wJ.

                                                      vdf; fhl;Lf.
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7. A smooth uniform rod AB of length 2a and weight W which passes  
B

AO

P

 through a small smooth ring P has its end A on a smooth 
 horizontal ground and the other end B in contact  with a smooth 
 vertical wall. The rod is kept in equilibrium, at an angle  60° to the 
 horizontal, in a vertical plane perpendicular to the wall by a light
  inextensible string which connects the ring to the point O as shown 
 in the diagram. Show that 

 

 

5.    A train of mass 300 metric tons is moving in a straight level track, with constant speed          

15   m s-1 and the resistances to motion is 50 N per ton. Find the power of the train in 

kilowatts.  

Rear coach of mass 50 tons gets dislodged and the tractive force of the engine is unaltered. 

Show that the acceleration of the remaining portion of the train is 1 cm s-2 and that the rear 

coach comes to rest after moving a distance 2250 m. 

 

6.    In usual notation, let ji 43 + , jl  and ji 43 +-  be the position vectors of three points A, B 

and C  respectively, with respect to a fixed origin O, where l  is a real constant. Show that 

the diagonals of the quadrilateral OABC intersect orthogonally. Find values of l  such that 

ABC  is an  equilateral triangle.  

 

7.   A smooth uniform rod AB of length 2a and weight W which goes through a small light 

smooth ring  P  has its end A on a smooth horizontal ground and the other end B in contact 

with a smooth vertical wall. The rod is kept in equilibrium, at an angle !60 to the horizontal, 

in a vertical plane W  perpendicular to the wall by a light inextensible string which connects 

the point O to the ring, where O is the point at which the plane W  meets the common edge of 

ground and the wall. Show that !90ˆ =APO .  

Let C be the point such that OACB is a rectangle. By taking moments about C, find the tension 

of the string. [Assume that the perpendicular distance from C  to the string is
2
a

.]  

8. A particle of mass m is placed on a rough plane inclined at an angle a  to the horizontal 

satisfying the condition µa >tan , where µ  is the coefficient of friction. The particle is 

held in equilibrium with a force P applied upwards to the particle along a line of greatest 

slope of the plane. Show that )cos(sin)cos(sin aµaaµa +££- mgPmg . 

 

9. Find the probability that the sum of the number of dots obtained in at most 3 tosses of an 

unbiased standard die with 1, 2, 3, 4, 5, and 6 dots marked on its six faces is exactly 6.  

10. 

and write down equations
 sufficient to determine the tension of the string. 

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

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

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

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

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

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

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

 ............................................................................................................................................................
 
 ............................................................................................................................................................
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 in  equilibrium with a force P applied upwards to the particle along a line of greatest slope of the 
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unbiased standard die with 1, 2, 3, 4, 5, and 6 dots marked on its six faces is exactly 6.  
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7. l=vd ieye,aÆ iqug P uq≥jla ;=<ska hk †. 2a yd nr W jQ iqug taldldr
B

AO

P

 AB oKavla tys A flf<jr iqug ;sria f.ìula u; o wfkla B flf<jr 

 iqug isria ì;a;shla iamr®Y fjñka o ;sfí' ;srig 60°l fldaKhla 

 idoñka ì;a;shg ,ïn isria ;,hl oKav iu;=,s;;dfõ ;nkq ,en 

 we;af;a uq≥j rEmfhys fmkajd we;s m˙† jQQ O ,laIHhg hd lrk ieye,aÆ 

 wú;kH ;ka;=jla u.sks' 
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ground and the wall. Show that !90ˆ =APO .  

Let C be the point such that OACB is a rectangle. By taking moments about C, find the tension 
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8. A particle of mass m is placed on a rough plane inclined at an angle a  to the horizontal 

satisfying the condition µa >tan , where µ  is the coefficient of friction. The particle is 

held in equilibrium with a force P applied upwards to the particle along a line of greatest 

slope of the plane. Show that )cos(sin)cos(sin aµaaµa +££- mgPmg . 

 

9. Find the probability that the sum of the number of dots obtained in at most 3 tosses of an 

unbiased standard die with 1, 2, 3, 4, 5, and 6 dots marked on its six faces is exactly 6.  
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 nj fmkajd ;ka;=fõ wd;;sh 

 ksr®Kh ls¯ug m%udKj;a iólrK ,shd olajkak' 
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8. ialkaOh m jQ wxY=jla ;srig α fldaKhlska wdk; rΩ ;,hla u; ;nd we;' fuys μ (< tan α) 

 hkq wxY=j yd ;,h w;r >r®IK ix.=Klh fõ' wxY=j iu;=,s;;dfõ r|jd we;af;a ;,fha Wm˙u 

 nEjqï fr®Ldj †f.a Wvq w;g wxY=jg fh¥ P  n,hla u.sks' 
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9. Find the probability that the sum of the number of dots obtained in at most 3 tosses of an 
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 nj fmkajkak' 
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9. MW Kfq;fs; kPJk; 1, 2, 3, 4, 5> 6 vdg; Gs;spfs; Fwpf;fg;gl;l xU Nfhlhj epakj;  jhaf; 
 fl;ilapd; cau;e;jgl;rk; %d;W vwpiffspy; ngw;w Gs;spfspd; $l;Lj;njhif nrg;gkhf  

 Mwhf  ,Ug;gjw;fhd epfo;jfitf; fhl;Lf. 

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

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

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

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

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

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

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

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

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

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

10. a, b, 4, 5, 7, 4> 5 vd;Dk; VO vz;fspdJk; ,ilAk; MfhuKk; rkk;; ,q;F a> b Mfpad Neh;  

epiwnaz;fs; MFk;. a> b Mfpatw;wpd; ngWkhdq;fisf; fz;L> VO vz;fspdJk; khww;wpwd; 
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9. Find the probability that the sum of the number of dots obtained in at most three tosses 
 of an unbiased standard die with 1, 2, 3, 4, 5 and 6 dots marked on its six faces, is exactly six. 

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

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

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

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

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

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

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

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

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

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

10. The mean and the mode of the seven numbers a, b, 4, 5, 7, 4 and 5 are equal, where a and b are 
 positive integers. Find the values of a and b, and show that the variance of the seven  numbers 
 is  

5.    A train of mass 300 metric tons is moving in a straight level track, with constant speed          

15   m s-1 and the resistances to motion is 50 N per ton. Find the power of the train in 

kilowatts.  

Rear coach of mass 50 tons gets dislodged and the tractive force of the engine is unaltered. 

Show that the acceleration of the remaining portion of the train is 1 cm s-2 and that the rear 

coach comes to rest after moving a distance 2250 m. 
 

6.    In usual notation, let ji +4 , ji µl +  and ji 5+  be the position vectors of three points A, B 

and C  respectively, with respect to a fixed origin O, where l  and µ are positive constants. 

The diagonals of the quadrilateral OABC are equal and perpendicular to each other. Write 

down  AB  in terms of i  and .j  Using vectors, show that 4=l  and .3=µ  

 

7.   A smooth uniform rod AB of length 2a and weight W which goes through a small light 

smooth ring  P  has its end A on a smooth horizontal ground and the other end B in contact 

with a smooth vertical wall. The rod is kept in equilibrium, at an angle !60 to the horizontal, 

in a vertical plane perpendicular to the wall by a light inextensible string which connects the 

ring to the O point shown in the diagram. Show that !90ˆ =APO and write an equation or 

equations to determine the tension of the string.  

 
 

8. A particle of mass m is placed on a rough plane inclined at an angle a  to the horizontal 

satisfying the condition that µa >tan , where µ  is the coefficient of friction. The particle is 

held in equilibrium with a force P applied upwards to the particle along a line of greatest 

slope of the plane. Show that )cos(sin)cos(sin aµaaµa +££- mgPmg . 

 

9. Find the probability that the sum of the number of dots obtained in at most 3 tosses of an 

unbiased standard die with 1, 2, 3, 4, 5, and 6 dots marked on its six faces is exactly 6.  

 

10. The mean and the mode of the set of seven numbers a, b, 4, 5, 7, 4 and 5 are equal, where a 

and b are positive integers. Find the values of a and b, and show that the variance of the 

seven numbers is 
7
6

. .

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

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

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

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

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

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

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

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

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

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

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

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

   

vdf; fhl;Lf.

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

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

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

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

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

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

.........................................................................................................................................
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gFjp B   

11.  (a) xU fpilj; jiuapd; kPJ cs;s xU Gs;sp O ,ypUe;J fpilAld; Nfhzk;                

I Mf;fp;f;nfhz;L Ntfk;   cld; vwpag;gLk; xU Jzpf;if GtpaPu;g;gpd; fPo; ,aq;fp 

xU Gs;sp P ,y; cs;s Xu; ,yf;fpy; gLfpd;wJ. O ,ypUe;J msf;fg;gLk; P ,d; fpilj; J}uKk; 

epiyf;Fj;Jj; J}uKk; KiwNa a> ka MFk;; ,q;F k xU khwpyp.  tan2 θ − 4   tanθ + 4k + 1 = 0 
vdf; fhl;b> vd ca;j;jwpf. 

  ,g;NghJ vdf; nfhs;Nthk;. vwpifapd; ,U ,ay;jF jpirfSf;FkpilNa cs;s Nfhzk; 

vdf; fhl;Lf. 

   

(b) xU tpkhd epiyak; A MdJ NtnwhU tpkhd epiyak; B ,ypUe;J njw;fpd;  θ   fpof;F vd;Dk; 

Nfhzj;jpy; J}uk; d ,y; cs;sJ. xU Fwpj;j ehspy; tlf;fpypUe;J Ntfk; v (< u) ,y; tPRk; 

fhw;W njhlu;ghff; fjp u cld; Xu; Mfha tpkhdk; Neubahf A  ,ypUe;J B  ,w;Fg; gwf;fpd;wJ. 

,g;gwg;Gf;fhd Ntf Kf;Nfhzpiag; gUk;gbahf tiue;J> A  ,ypUe;J B ,w;Fg; gwg;gjw;F vLf;Fk; 

Neuk;  vdf; fhl;Lf.   

 rpy ehl;fSf;Fg; gpd;du; njw;fpypUe;J Ntfk;    cld; tPRk; fhw;W njhlu;ghff; fjp  

cld; tpkhdk; mjd; jpUk;gp tUk; gazj;jpy; Neubahf B ,ypUe;J A ,w;Fg; gwf;fpd;wJ. 

jpUk;gpr; nry;Yk; gazj;jpw;fhd Ntf Kf;Nfhzpiag; gUk;gbahf tiue;J> B ,ypUe;J A ,w;Fg; 

gwg;gjw;F vLf;Fk; Neuk; A ,ypUe;J B ,w;Fg; gwg;gjw;F vLf;Fk; Neuj;jpd; ,Uklq;nfdf; 

fhl;Lf. 

12. (a)  jug;gl;Ls;s cUtpy; Kf;Nfhzp ABC MdJ jpzpT 3m I 

  cila xU rPuhd xg;gkhd Mg;gpd; GtpaPu;g;G ikaj;jpD}lhf 

  cs;s xU epiyf;Fj;Jf; FWf;Fntl;bid tif  

Fwpf;fpd;wJ. NfhL AB MdJ mjidf; nfhz;l Kfj;jpd; 

Xh; mjpAau; rupTf; NfhlhFk;. mj;Jld;  MFk;. 

  AC If; nfhz;l Kfk; Xu; xg;gkhd fpil epyj;jpd; kPJ ,Uf;FkhW Mg;G itf;fg;gl;Ls;sJ. jpzpT 

m I cila xU Jzpf;if Gs;sp A ,y; itf;fg;gl;L topNa  Ntfk; u    toq;fg;gLfpd;wJ.  

AB xg;gkhdJ vdTk; Jzpf;if Mg;gpypUe;J tpyfpr; nry;tjpy;iy vdTk; nfhz;L> Jzpf;if 

Mg;G njhlh;ghf Xa;Tf;F tUtjw;F vLf;Fk; Neuj;ijf; fhz;f. 

  ,g;NghJ ,t;tiktpy; Jzpf;if Mg;Gld; xl;bf;nfhs;fpd;wnjdf; nfhs;f. xl;ba 

Jzpf;ifAld; Mg;G NkYk; d J}uk; nry;tjw;F vLf;Fk; Neuj;ijf; fhz;f.
   

 

R

- 15 -

                             Structure of Question Papers and Prototype questions for G.C.E.(A.L.) Examination - 2019 Onwards - Combined Mathematics 

Part B 

11. (a) A particle projected from a point O on a horizontal ground with a velocity  11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 making 

 an angle 
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taken by the wedge with the particle glued to move a distance a from the instant the 
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and released from a slightly displaced position. Show that the speed v of the bead when 
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The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
3
2

cos =q . 

 

 

 

B  

C  A  

 cross section through the centre gravity of a uniform 
 smooth wedge of mass 3m. The line AB is a line of 
 greatest slope of the face containing it. Also 

 

 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
3
2

cos =q . 

 

 

 

B  

C  A  

.
 The wedge is placed with the face containing AC on a 
 smooth horizontal floor. A particle of mass m is placed at 
 the point A and given a velocity u along 

 

 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
3
2

cos =q . 

 

 

 

B  

C  A  

 Assuming that AB is smooth and  the particle does
 not leave the wedge, find the time taken by the particle to come to rest relative to the wedge.
 Now, suppose that the particle gets glued to the wedge in this position. Find also the time taken 
 by the wedge with the particle glued to move an additional distance d. 

      (b) A bead P of mass m is free to move along a smooth circular wire of radius a and centre O which
  is fixed in a vertical plane. The bead is held at the upper-most point A of the wire and released 
  from rest at a slightly displaced position. Show that the speed v of the bead when OP has 
  turned through an angle θ  is given by 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB . The wedge is placed with the face containing  AC 

on a smooth horizontal floor. A particle of mass m is placed at the point A and given a 

velocity u along AB . Assuming that the particle does not leave the wedge, find the time 

taken by the particle to come to rest relative to the wedge.         .  

Now, suppose that the particle gets glued to the wedge in this position. Given that the 

speed of the wedge at this instant is ,
8
u

 find the time taken by the wedge with the particle 

glued to it to move a further distance d. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by ).cos1(22 q-= gav   

 Find the speed of the bead and the reaction on it when the bead reaches the lowest point 

B.  

As P reaches the point B, it collides and coalesces with another bead of mass m  which is 

at rest at B. Show that the composite bead Q comes to instantaneous rest when OQ has 

turned through an angle 
3
p

. 

 

B  

C  A  

 
   Find the speed of the bead when the bead reaches the lowest point B. As P reaches the point B,
  it collides and coalesces with another bead of mass m  which is at rest at B. Show that the 
  composite bead Q comes to instantaneous rest when OQ has turned through an angle 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB . The wedge is placed with the face containing  AC 

on a smooth horizontal floor. A particle of mass m is placed at the point A and given a 

velocity u along AB . Assuming that the particle does not leave the wedge, find the time 

taken by the particle to come to rest relative to the wedge.         .  

Now, suppose that the particle gets glued to the wedge in this position. Given that the 

speed of the wedge at this instant is ,
8
u

 find the time taken by the wedge with the particle 

glued to it to move a further distance d. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by ).cos1(22 q-= gav   

 Find the speed of the bead and the reaction on it when the bead reaches the lowest point 

B.  

As P reaches the point B, it collides and coalesces with another bead of mass m  which is 

at rest at B. Show that the composite bead Q comes to instantaneous rest when OQ has 

turned through an angle 
3
p

. 

 

B  

C  A  

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

- 15 -

                             Structure of Question Papers and Prototype questions for G.C.E.(A.L.) Examination - 2019 Onwards - Combined Mathematics 

Part B 

11. (a) A particle projected from a point O on a horizontal ground with a velocity  11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 making 

 an angle 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
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       On the following day, the plane flies back directly from B to A with a speed 
2
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 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 
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The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
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 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

- 15 -

                             Structure of Question Papers and Prototype questions for G.C.E.(A.L.) Examination - 2019 Onwards - Combined Mathematics 

Part B 

11. (a) A particle projected from a point O on a horizontal ground with a velocity  11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 making 

 an angle 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 to the horizontal, moves under gravity and hits a target at a point P. 

 The horizontal and vertical distances of P measured from O are a and ka, respectively, 

 where k is a constant. Show that 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 and deduce that 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

  

 Now, let 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 Show that the angle between the two possible directions of projection is 

 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 

      (b) An airport A is situated at an angle θ  East of South, at a distance d from an airport B. 
        On a certain day,  an air plane flies directly from A to B with a speed u relative to the wind which
 blows from North at a velocity v (< u).  Sketch the velocity triangle for this flight, and show that 
 the time taken to fly from A to B is 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

.
 

        A few days later, the plane flies back directly from B to A with a speed 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 relative to the wind 

 which blows from South at a velocity 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

. Sketch the velocity triangle for the return journey and 

 show that the time taken to fly from B to A is twice as much as the time taken from A to B.

       

12. (a)  The triangle ABC in the given figure represents a vertical   

 

 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
3
2

cos =q . 

 

 

 

B  

C  A  

 cross section through the centre gravity of a uniform 
 smooth wedge of mass 3m. The line AB is a line of 
 greatest slope of the face containing it. Also 

 

 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
3
2

cos =q . 

 

 

 

B  

C  A  

.
 The wedge is placed with the face containing AC on a 
 smooth horizontal floor. A particle of mass m is placed at 
 the point A and given a velocity u along 

 

 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
3
2

cos =q . 

 

 

 

B  

C  A  

 Assuming that AB is smooth and  the particle does
 not leave the wedge, find the time taken by the particle to come to rest relative to the wedge.
 Now, suppose that the particle gets glued to the wedge in this position. Find also the time taken 
 by the wedge with the particle glued to move an additional distance d. 

      (b) A bead P of mass m is free to move along a smooth circular wire of radius a and centre O which
  is fixed in a vertical plane. The bead is held at the upper-most point A of the wire and released 
  from rest at a slightly displaced position. Show that the speed v of the bead when OP has 
  turned through an angle θ  is given by 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB . The wedge is placed with the face containing  AC 

on a smooth horizontal floor. A particle of mass m is placed at the point A and given a 

velocity u along AB . Assuming that the particle does not leave the wedge, find the time 

taken by the particle to come to rest relative to the wedge.         .  

Now, suppose that the particle gets glued to the wedge in this position. Given that the 

speed of the wedge at this instant is ,
8
u

 find the time taken by the wedge with the particle 

glued to it to move a further distance d. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by ).cos1(22 q-= gav   

 Find the speed of the bead and the reaction on it when the bead reaches the lowest point 

B.  

As P reaches the point B, it collides and coalesces with another bead of mass m  which is 

at rest at B. Show that the composite bead Q comes to instantaneous rest when OQ has 

turned through an angle 
3
p

. 

 

B  

C  A  

 
   Find the speed of the bead when the bead reaches the lowest point B. As P reaches the point B,
  it collides and coalesces with another bead of mass m  which is at rest at B. Show that the 
  composite bead Q comes to instantaneous rest when OQ has turned through an angle 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB . The wedge is placed with the face containing  AC 

on a smooth horizontal floor. A particle of mass m is placed at the point A and given a 

velocity u along AB . Assuming that the particle does not leave the wedge, find the time 

taken by the particle to come to rest relative to the wedge.         .  

Now, suppose that the particle gets glued to the wedge in this position. Given that the 

speed of the wedge at this instant is ,
8
u

 find the time taken by the wedge with the particle 

glued to it to move a further distance d. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by ).cos1(22 q-= gav   

 Find the speed of the bead and the reaction on it when the bead reaches the lowest point 

B.  

As P reaches the point B, it collides and coalesces with another bead of mass m  which is 

at rest at B. Show that the composite bead Q comes to instantaneous rest when OQ has 

turned through an angle 
3
p

. 

 

B  

C  A  

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

- 15 -

                             Structure of Question Papers and Prototype questions for G.C.E.(A.L.) Examination - 2019 Onwards - Combined Mathematics 

Part B 

11. (a) A particle projected from a point O on a horizontal ground with a velocity  11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 making 

 an angle 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 to the horizontal, moves under gravity and hits a target at a point P. 

 The horizontal and vertical distances of P measured from O are a and ka, respectively, 

 where k is a constant. Show that 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 and deduce that 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

  

 Now, let 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 Show that the angle between the two possible directions of projection is 

 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 

      (b) An airport A is situated at an angle θ  East of South, at a distance d from an airport B. 
        On a certain day,  an air plane flies directly from A to B with a speed u relative to the wind which
 blows from North at a velocity v (< u).  Sketch the velocity triangle for this flight, and show that 
 the time taken to fly from A to B is 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

.
 

        A few days later, the plane flies back directly from B to A with a speed 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 relative to the wind 

 which blows from South at a velocity 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

. Sketch the velocity triangle for the return journey and 

 show that the time taken to fly from B to A is twice as much as the time taken from A to B.

       

12. (a)  The triangle ABC in the given figure represents a vertical   

 

 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3
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=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
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 show that the time taken to fly from B to A is twice as much as the time taken from A to B.
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The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
3
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cos =q . 
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As P reaches the point B, it collides and coalesces with another bead of mass m  which is 

at rest at B. Show that the composite bead Q comes to instantaneous rest when OQ has 

turned through an angle 
3
p

. 

 

B  

C  A  

 
   Find the speed of the bead when the bead reaches the lowest point B. As P reaches the point B,
  it collides and coalesces with another bead of mass m  which is at rest at B. Show that the 
  composite bead Q comes to instantaneous rest when OQ has turned through an angle 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB . The wedge is placed with the face containing  AC 

on a smooth horizontal floor. A particle of mass m is placed at the point A and given a 

velocity u along AB . Assuming that the particle does not leave the wedge, find the time 

taken by the particle to come to rest relative to the wedge.         .  

Now, suppose that the particle gets glued to the wedge in this position. Given that the 

speed of the wedge at this instant is ,
8
u

 find the time taken by the wedge with the particle 

glued to it to move a further distance d. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by ).cos1(22 q-= gav   

 Find the speed of the bead and the reaction on it when the bead reaches the lowest point 

B.  

As P reaches the point B, it collides and coalesces with another bead of mass m  which is 

at rest at B. Show that the composite bead Q comes to instantaneous rest when OQ has 

turned through an angle 
3
p

. 

 

B  

C  A  

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - ,ize;j fzpjk;



-135-
- 135 -

fh.ngh.j.(c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - ,ize;j fzpjk;    
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Miu a IAk; ikak; O IAk; cila Xu; xg;gkhd tl;lf; fk;gp topNa RahjPdkhf 
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
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. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
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µlµl  and deduce that 
4
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== µl . 

 

 

 

 

 

,  where x(≥ a) is the length of the string.

 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.

 Hence show that the string becomes slack after a total time 
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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         Here i and j denote unit vectors in the positive directions of coordinate axes Ox and Oy, 
  respectively, and F, a are positive quantities measured in newtons and metres,  respectively. 
  Mark these forces in a single diagram, and show that their vector sum is zero.
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  xi + yj  and show that G is independent of  x and y. Hence show that the system is equivalent 
  to a couple, and find the moment of this couple.
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     so that the resultant of the four forces acting at A, B, C and D, passes through the origin O. 
  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø
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Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

,  where x(≥ a) is the length of the string.

 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5
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wb 3  and find the thrust in the light rod CE. 
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11. (a) � particle pro�ected from a point O on a horizontal ground with a velocity  11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
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19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 
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The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
3
2

cos =q . 
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Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 
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 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  
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from A to B. 

 

 

 

 

 

 

 

 �how that the an�le �etween the two possi�le directions of pro�ection is 

 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 

      (b) �n airport A is situated at an angle �  East of South, at a distance d from an airport B. 
        �n a certain da�,  an air plane �ies directl� from A to B with a speed u relative to the wind which
 blows from North at a velocity v (< u).  ��etch the velocit� trian�le for this �i�ht, and show that 
 the time ta�en to �� from A to B is 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

.
 

        � few da�s later, the plane �ies �ac� directl� from B to A with a speed 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

 relative to the wind 

 which blows from South at a velocity 

11. (a) A particle projected from a point O on a horizontal ground with a velocity gau 2=  

making an angle ÷
ø
ö

ç
è
æ <<

2
0

pqq  to the horizontal, moves under gravity and hits a target at a 

point P. The horizontal and vertical distances of P measured from O are a and ka, 

respectively, where k is a constant (see the figure). Show that 014tan4tan2 =++- kqq  

and deduce that 
4
3

£k .  

       Now, let 
16
11

=k . Show that the angle between the two possible directions of projection is 

÷
ø
ö

ç
è
æ-

19
4

tan 1 . 

 

 

 (b)  An airport  A is situated at an angle q  East of South, at a distance d from an airport B.  

       On a certain day an air plane flies directly from A to B with a speed u relative to the wind 

which blows from North at a velocity )( uv < . Sketch the velocity triangle for this flight, and 

show that the time taken to fly from A to B is 
qq cossin222 vvu

d

--
.  

       On the following day, the plane flies back directly from B to A with a speed 
2
u

 relative to 

the wind which blows from South at a velocity 
2
v

. Sketch the velocity triangle for the return 

journey and show that the time taken to fly from B to A is twice as much as the time taken 

from A to B. 

 

 

 

 

 

 

 

. ��etch the velocit� trian�le for the return �ourne� and 

 show that the time ta�en to �� from B to A is twice as much as the time taken from A to B.

       

12. (a)  The triangle ABC in the �iven fi�ure represents a vertical   

 

 

12. (a)  

 

 

 

 

 

 

The triangle ABC in the given figure represents a vertical cross section through the centre 

gravity of a uniform smooth wedge of mass m3 . The line AB is a line of greatest slope of 

the face containing it. Also 
3

ˆ p
=CAB  and aAB = . The wedge is placed with the face 

containing  AC on a smooth horizontal floor. A particle of mass m is placed at the point A 

and given a velocity u along AB . Assuming that the particle does not leave the wedge, 

find the time taken by the particle to come to rest relative to the wedge and show that the 

speed of the wedge at this instant is         .  

Now, suppose that the particle gets glued to the wedge in this position. Find the time  

taken by the wedge with the particle glued to move a distance a from the instant the 

particle got glued to the wedge. 

 

(b) A bead P of mass m is free to move on a smooth circular wire of radius  a  and centre O 

which is fixed in a vertical plane. The bead is held at the upper-most point A of the wire 

and released from a slightly displaced position. Show that the speed v of the bead when 

OP has turned through an angle q  is given by )cos1(22 q-= gav . Also show that 

reaction on the bead changes its direction when 
3
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cos =q . 
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
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æ
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æ+ -
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Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 
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 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.

 Hence show that the string becomes slack after a total time 
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 Find the speed of the particle at the instant when the string becomes slack.
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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         Here i and j denote unit vectors in the positive directions of coordinate axes Ox and Oy, 
  respectively, and F, a are positive quantities measured in newtons and metres,  respectively. 
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  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
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Re-writing this equation in the form ,02 =+ XX w!! where ,2
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g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  
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Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 
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 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.
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attached to the end of the string begins to move. Obtain the equation satisfied by  the length 
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x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  
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Find the speed of the particle at the instant when the string becomes slack. 
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
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5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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         Here i and j denote unit vectors in the positive directions of coordinate axes Ox and Oy, 
  respectively, and F, a are positive quantities measured in newtons and metres,  respectively. 
  Mark these forces in a single diagram, and show that their vector sum is zero.
  Find the anti-clockwise moment, G, of the system about a point P with position vector 
  xi + yj  and show that G is independent of  x and y. Hence show that the system is equivalent 
  to a couple, and find the moment of this couple.
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     so that the resultant of the four forces acting at A, B, C and D, passes through the origin O. 
  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 
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Re-writing this equation in the form ,02 =+ XX w!! where ,2
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=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 
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Find the speed of the particle at the instant when the string becomes slack. 
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,  where x(≥ a) is the length of the string.

 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.

 Hence show that the string becomes slack after a total time 
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
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5
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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         Here i and j denote unit vectors in the positive directions of coordinate axes Ox and Oy, 
  respectively, and F, a are positive quantities measured in newtons and metres,  respectively. 
  Mark these forces in a single diagram, and show that their vector sum is zero.
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  xi + yj  and show that G is independent of  x and y. Hence show that the system is equivalent 
  to a couple, and find the moment of this couple.
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     so that the resultant of the four forces acting at A, B, C and D, passes through the origin O. 
  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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a b = 0 and find the values of λ and μ.
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Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 
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 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  
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 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 

     A   B 

 

 

 

 

  

E  C  

D  

0120  

0120  
0120  

i ,d
     so that the resultant of the four forces acting at A, B, C and D, passes through the origin O. 
  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
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x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
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Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 
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14. (a) Let PQRS be a parallelogram and let T be the point on QR such that 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

  

            Also, let 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

a and 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

 b. Express vectors 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

 and  

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

 in terms of a and b.          

 Let U be the point of intersection of PR and ST. Suppose that  

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

 and  

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

 where λ and μ are scalar constants. By considering the triangle PSU, show that 

 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 
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     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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     so that the resultant of the four forces acting at A, B, C and D, passes through the origin O. 
  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
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Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 
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 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.
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Find the speed of the particle at the instant when the string becomes slack. 
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 Find the speed of the particle at the instant when the string becomes slack.
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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Re-writing this equation in the form ,02 =+ XX w!! where ,2
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=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 
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Find the speed of the particle at the instant when the string becomes slack. 
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 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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point O. Two equal particles, each of mass m are fastened together to the other end P, and 
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Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
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Re-writing this equation in the form ,02 =+ XX w!! where ,2
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g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 
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Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
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 of this motion is  3a.

 Hence show that the string becomes slack after a total time 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

1
3

+ .

 Find the speed of the particle at the instant when the string becomes slack.
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 b. Express vectors 
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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     so that the resultant of the four forces acting at A, B, C and D, passes through the origin O. 
  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 
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14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
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Re-writing this equation in the form ,02 =+ XX w!! where ,2
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=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  
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Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 
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 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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Re-writing this equation in the form ,02 =+ XX w!! where ,2
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=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
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 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.

 Hence show that the string becomes slack after a total time 
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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         Here i and j denote unit vectors in the positive directions of coordinate axes Ox and Oy, 
  respectively, and F, a are positive quantities measured in newtons and metres,  respectively. 
  Mark these forces in a single diagram, and show that their vector sum is zero.
  Find the anti-clockwise moment, G, of the system about a point P with position vector 
  xi + yj  and show that G is independent of  x and y. Hence show that the system is equivalent 
  to a couple, and find the moment of this couple.
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     so that the resultant of the four forces acting at A, B, C and D, passes through the origin O. 
  Find the values of X and Y.
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
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,  where x(≥ a) is the length of the string.

 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.

 Hence show that the string becomes slack after a total time 
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
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Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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     so that the resultant of the four forces acting at A, B, C and D, passes through the origin O. 
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     B
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13.  One end of a light elastic string of natural length a and modulus mg is attached to a fixed 
 point O. Two equal particles, each of mass m are fastened together to the other end P of the string  
 and the system hangs in equilibrium. Show that the extension of the string in this position is 2a. 
 Now, one of the particles gets gently detached and the remaining particle of mass m, still 
 attached to the end of the string begins to move. Obtain the equation for motion of P,
 

13.  One end of a light elastic string of natural length  a and modulus mg is attached to a fixed 
point O. Two equal particles, each of mass m are fastened together to the other end P, and 
the system hangs in equilibrium. Show that the extension of the string in this position is 2a.  
 
Now, one of the particles gets gently detached and the remaining particle of mass m, still 
attached to the end of the string begins to move. Obtain the equation satisfied by  the length 

x of the string  as .0)2( =-+ ax
a
g

x!!   

Re-writing this equation in the form ,02 =+ XX w!! where ,2

a
g

=w  and ,2axX -=  identify 

the centre C of simple harmonic oscillations.  

 Assuming the formula )( 2222 XAX -=w! , find the amplitude A of this simple harmonic 

motion.  
  
At the point C, a vertical impulse is applied to the particle so that its velocity is doubled. 
Show that the equation of motion, while the string is taut, remains the same and that the 

amplitude of this motion  is a5 .  

Hence show that the string becomes slack after a total time ÷÷
ø

ö
çç
è

æ
÷
ø

ö
ç
è

æ+ -

5

2
sin

2
1p

g
a

. 

Find the speed of the particle at the instant when the string becomes slack. 
 

 

14. (a) Let PQRS be a parallelogram and  T  be the point on QR such that 1:2: =TRQT .  

           Also, let aPQ =  and bPS = . Express PR  and ST in terms of a  and b . 

           

Let U be the point of intersection of  PR and ST. Suppose that  PRPU l= and 

STSU µ= , where l  and µ are scalar constants. By considering the triangle PSU, show 

that 01
3

)( =÷
ø
ö

ç
è
æ -++- ba

µlµl  and deduce that 
4
3

== µl . 

 

 

 

 

 

,  where x(≥ a) is the length of the string.

 Find the centre C and the amplitude of this simple harmonic motion.  
 At the point C, a vertical impulse is applied to the particle so that its velocity is trebled. Show
 that the centre of the motion, while the string is taut remains the same, and that the amplitude 
 of this motion is  3a.

 Hence show that the string becomes slack after a total time 
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 Find the speed of the particle at the instant when the string becomes slack.
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a b = 0 and find the values of λ and μ.

     (b) A system consisting of three forces in the Oxy-plane act at the points indicated below:
    
   

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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i ,d
     so that the resultant of the four forces acting at A, B, C and D, passes through the origin O. 
  Find the values of X and Y.
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  ABCDE formed of five uniform rods of weight w

  per unit length jointed at their ends. 
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. The angles at vertices A, B  and  D

  are  120° each. The frame is suspended from the 

  mid-point of AB and  is in equilibrium with the 

  symmetrical shape maintained by a light rod CE of length 
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 

apart, from the centre of its smaller rim, is ÷
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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  It carries a weight W at the joint C and equilibrium is maintained 

  with AB and DC horizontal and BD vertical by a horizontal force P 

  applied along CD at the joint D. Find P in terms of W.

  Sketch a stress diagram using Bow’s notation and hence find the 

  stresses in all the rods. State whether these are tensions or thrusts.
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 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density ��to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density �,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ��to the larger rim of the frustum such that the points O, A and are collinear, where O�is the 

 centre of the lar�er rim of the frustum, as shown in the fi�ure. �ind the position of the centre of 

 gravity of the saucepan. 

 Show that if �
� < 31

24
�a , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that �� = �a�. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
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 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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15. (a) The figure represents a frame in the form of a pentagon
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       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 
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respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 
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hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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  It carries a weight W at the joint C and equilibrium is maintained 

  with AB and DC horizontal and BD vertical by a horizontal force P 

  applied along CD at the joint D. Find P in terms of W.

  Sketch a stress diagram using Bow’s notation and hence find the 

  stresses in all the rods. State whether these are tensions or thrusts.
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density ��to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density �,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ��to the larger rim of the frustum such that the points O, A and are collinear, where O�is the 

 centre of the lar�er rim of the frustum, as shown in the fi�ure. �ind the position of the centre of 

 gravity of the saucepan. 

 Show that if �
� < 31

24
�a , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that �� = �a�. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
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5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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  ABCDE formed of five uniform rods of weight w

  per unit length jointed at their ends. 
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 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  
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along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  
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 to a frustum of a hollow cone with circular rims of radii a and 4a 
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     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density ��to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density �,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ��to the larger rim of the frustum such that the points O, A and are collinear, where O�is the 

 centre of the lar�er rim of the frustum, as shown in the fi�ure. �ind the position of the centre of 

 gravity of the saucepan. 

 Show that if �
� < 31

24
�a , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that �� = �a�. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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  mid-point of AB and  is in equilibrium with the 
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
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 to a frustum of a hollow cone with circular rims of radii a and 4a 
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 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density ��to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density �,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ��to the larger rim of the frustum such that the points O, A and are collinear, where O�is the 

 centre of the lar�er rim of the frustum, as shown in the fi�ure. �ind the position of the centre of 

 gravity of the saucepan. 

 Show that if �
� < 31

24
�a , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that �� = �a�. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 

- 17 -

                             Structure of Question Papers and Prototype questions for G.C.E.(A.L.) Examination - 2019 Onwards - Combined Mathematics 

15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 

apart, from the centre of its smaller rim, is ÷
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
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 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 
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       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 
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 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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  It carries a weight W at the joint C and equilibrium is maintained 

  with AB and DC horizontal and BD vertical by a horizontal force P 

  applied along CD at the joint D. Find P in terms of W.

  Sketch a stress diagram using Bow’s notation and hence find the 

  stresses in all the rods. State whether these are tensions or thrusts.
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density ��to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density �,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ��to the larger rim of the frustum such that the points O, A and are collinear, where O�is the 

 centre of the lar�er rim of the frustum, as shown in the fi�ure. �ind the position of the centre of 

 gravity of the saucepan. 

 Show that if �
� < 31

24
�a , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that �� = �a�. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
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5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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  ABCDE formed of five uniform rods of weight w

  per unit length jointed at their ends. 
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  are  120° each. The frame is suspended from the 

  mid-point of AB and  is in equilibrium with the 

  symmetrical shape maintained by a light rod CE of length 
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 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density ��to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density �,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ��to the larger rim of the frustum such that the points O, A and are collinear, where O�is the 

 centre of the lar�er rim of the frustum, as shown in the fi�ure. �ind the position of the centre of 

 gravity of the saucepan. 

 Show that if �
� < 31

24
�a , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that �� = �a�. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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                             Structure of Question Papers and Prototype questions for G.C.E.(A.L.) Examination - 2019 Onwards - Combined Mathematics 

15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 

     A   B 

 

 

 

 

  

E  C  

D  

0120  

0120  
0120  

  

  ABCDE formed of five uniform rods of weight w

  per unit length jointed at their ends. 

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 

     A   B 

 

 

 

 

  

E  C  

D  

0120  

0120  
0120  

  and 

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 

     A   B 

 

 

 

 

  

E  C  

D  

0120  

0120  
0120  

. The angles at vertices A, B  and  D

  are  120° each. The frame is suspended from the 

  mid-point of AB and  is in equilibrium with the 

  symmetrical shape maintained by a light rod CE of length 

  

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 

     A   B 

 

 

 

 

  

E  C  

D  

0120  

0120  
0120  

connecting the joints C and E. Show that the 

  reaction at the joint D is of magnitude 

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 

     A   B 

 

 

 

 

  

E  C  

D  

0120  

0120  
0120  

and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
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 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
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 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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  with AB and DC horizontal and BD vertical by a horizontal force P 

  applied along CD at the joint D. Find P in terms of W.
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density σ to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density σ,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ρ to the larger rim of the frustum such that the points O, A and are collinear, where O is the 

 centre of the larger rim of the frustum, as shown in the figure. Find the position of the centre of 

 gravity of the saucepan. 

 Show that if ρ
σ < 31

24
πa , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that ρ = πaσ. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 

apart, from the centre of its smaller rim, is ÷
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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  with AB and DC horizontal and BD vertical by a horizontal force P 

  applied along CD at the joint D. Find P in terms of W.

  Sketch a stress diagram using Bow’s notation and hence find the 
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density σ to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density σ,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ρ to the larger rim of the frustum such that the points O, A and are collinear, where O is the 

 centre of the larger rim of the frustum, as shown in the figure. Find the position of the centre of 

 gravity of the saucepan. 

 Show that if ρ
σ < 31
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πa , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that ρ = πaσ. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
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 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 

apart, from the centre of its smaller rim, is ÷
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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  stresses in all the rods. State whether these are tensions or thrusts.

 

16.  Show, by integration, that the distance of the centre of gravity of a frustum of a uniform hollow 

 right circular cone with circular rims having radii  r and 

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 

apart, from the centre of its smaller rim, is ÷
ø
ö

ç
è
æ

+
+
1
12

3 l
lh

.  

 
A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 

  
 
 

C  

W  

B  

a5  

A  a3  

D  P  

 at a distance h apart, from 

 the centre of its smaller rim is 

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 

apart, from the centre of its smaller rim, is ÷
ø
ö

ç
è
æ

+
+
1
12

3 l
lh

.  

 
A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 

  
 
 

C  

W  

B  

a5  

A  a3  

D  P  

 
          

a

5a 4a
A B

3a

O

 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density σ to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density σ,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ρ to the larger rim of the frustum such that the points O, A and are collinear, where O is the 

 centre of the larger rim of the frustum, as shown in the figure. Find the position of the centre of 

 gravity of the saucepan. 

 Show that if ρ
σ < 31

24
πa , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that ρ = πaσ. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 

 vdpd;> Nrh]; ghd; xU fpil Nkir kPJ mjd; mbj;jsk; njhLifAkhW 
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                             Structure of Question Papers and Prototype questions for G.C.E.(A.L.) Examination - 2019 Onwards - Combined Mathematics 

15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density σ to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density σ,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ρ to the larger rim of the frustum such that the points O, A and are collinear, where O is the 

 centre of the larger rim of the frustum, as shown in the figure. Find the position of the centre of 

 gravity of the saucepan. 

 Show that if ρ
σ < 31

24
πa , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that ρ = πaσ. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 

 vdj; jug;gl;Ls;sJ. Nrh]; ghid Kid B  ,ypUe;J RahjPdkhfj; 

 njhq;ftpLk;NghJ BA MdJ fPo;Kf epiyf;Fj;Jld; Mf;Fk; Nfhzj;ijAk; fhz;f. 

   

17.(a)  xU ngl;bapy; epwk; jtpur; ru;trkkhd MW rptg;Gg; ge;JfSk; %d;W gr;irg; ge;JfSk; 

%d;W ePyg; ge;JfSk; cs;sd. xU ge;J vOkhw;whfg; ngl;bapypUe;J ntspNa 

vLf;fg;gLfpd;wJ. ge;J ePyg; ge;jhf ,Ug;gjw;fhd epfo;jfitf; fhz;f. ntspNa 

vLf;fg;gLk; ge;J gr;irg; ge;jhf my;yJ rptg;Gg; ge;jhf ,Ug;gpd;> Nkyjpfkhf 

xU rptg;Gg; ge;Jk; Nkyjpfkhf xU ePyg; ge;Jk; njhlf;fg; ge;Jld; ngl;bapy; 

Nru;f;fg;gLfpd;wd. ntspNa vLf;fg;gLk; ge;J ePyg; ge;jhf ,Ug;gpd;> gpujpitg;G ,y;iy.
 
  ,g;NghJ Xu; ,uz;lhk; ge;J  ngl;bapypUe;J vOkhw;whf ntspNa vLf;fg;gLfpd;wJ. 

ntspNa vLf;fg;gLk; ,uz;lhk; ge;J ePyg; ge;jhf ,Ug;gjw;fhd epfo;jfT ahJ?
 
  ntspNa vLf;fg;gLk; ,uz;lhk; ge;J ePyg; ge;J vdj; jug;gl;bUg;gpd;> ntspNa 

  vLf;fg;gLk; Kjw; ge;J ePyg; ge;jhf ,Ug;gjw;fhd epfo;jfitf; fhz;f.

     (b) xU guPl;irapy; 100 khztu;fs; ngw;w Gs;spfs; gpd;tUk; ml;ltizapy; jug;gl;Ls;sd.

     

Gs;spfs; 5 - 19 20 - 34 35 - 49 50 - 64 65 - 79 80 - 94

eLg; Gs;sp (xi) 12 27 42 57 72 87

kPbwd; (fi) 10 20 30 15 15 10

cUkhw;wk;  Ig; gad;gLj;jp ,g;Gs;spg; guk;gypd; ,iliaAk; 

khww;wpwidAk; kjpg;gpLf. 

  NtW 100 khztu;fSk; ,Nj guPl;irapy; ngw;w Gs;spfspd; ,ilAk; khww;wpwDk; 

  KiwNa 40, 15 MFk;. ,g;guPl;irapy; nkhj;j 200 khztu;fSk; ngw;w Gs;spfspd;   

  ,iliaAk; khww;wpwidAk; kjpg;gpLf. 

*  *  * 
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                             Structure of Question Papers and Prototype questions for G.C.E.(A.L.) Examination - 2019 Onwards - Combined Mathematics 

15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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  ABCDE formed of five uniform rods of weight w

  per unit length jointed at their ends. 
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  symmetrical shape maintained by a light rod CE of length 
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  
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the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density σ to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density σ,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ρ to the larger rim of the frustum such that the points O, A and are collinear, where O is the 

 centre of the larger rim of the frustum, as shown in the figure. Find the position of the centre of 

 gravity of the saucepan. 

 Show that if ρ
σ < 31

24
πa , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that ρ = πaσ. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  

 

 

 

 

 

 

 

16. Show, by integration, that the distance of the centre of gravity of a frustum of a uniform 
hollow right circular cone with circular rims having radii  r and )1( >ll r  at a distance h 
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
9a

 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density σ to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density σ,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ρ to the larger rim of the frustum such that the points O, A and are collinear, where O is the 

 centre of the larger rim of the frustum, as shown in the figure. Find the position of the centre of 

 gravity of the saucepan. 

 Show that if ρ
σ < 31

24
πa , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that ρ = πaσ. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 
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 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 
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32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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and find the thrust in the light rod CE. 
             

  

 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  
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A measuring can M is made by welding a frustum of a hollow cone with circular rims of radii 

a and 2a and height 
4
3a

 to a frustum of a hollow cone with circular rims of radii a and 4a 

and height 
4
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 along the common circular rims of radius a such that the axes of symmetry of 

the two frustums coincide (as shown in the figure) , and a circular base of radius 4a along the 
circular rim of radius 4a. The can is made of the same uniform material.   

     Show that the centre of gravity of M is at a distance  …………………….. 
      from the centre of the circular base of radius 4a .  

 
     The can is smoothly pivoted at a point on its upper rim to a fixed point O. Show that the of its 

axis of symmetry makes an angle                               with the downward  vertical. 
 

     Also, find the of the horizontal force that should be applied at the point on the edge of the 
base in the plane through the point O and the axis of symmetry to make the axis vertical. 
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 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density σ to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density σ,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ρ to the larger rim of the frustum such that the points O, A and are collinear, where O is the 

 centre of the larger rim of the frustum, as shown in the figure. Find the position of the centre of 

 gravity of the saucepan. 

 Show that if ρ
σ < 31

24
πa , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that ρ = πaσ. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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15. (a) The figure represents a frame in the form of a pentagon

 (b) A system of three forces in the 0xy-plane act at the points indicated below: 

 

Point   Position Vector  Force 

      A   jaia 52 +    jFiF 3+  

     B           ja4           jFiF -- 2  

      C   jaia +-    jFiF 2-  

       Here i and j  denote unit vectors in the positive directions of coordinate axes Ox and Oy, 

respectively, and F, a are positive quantities measured in newtons and metres 

respectively. Mark these forces in a single diagram, and show that their vector sum is 

zero. 

 Find the anti-clockwise moment,  G, of the system about a point  P with position vector  

 jyix +  , and  show that G is independent of  x and y.  Identify the simple system to 

which the given system reduces. 

 An additional force is now applied at the point D with position vector  j
a

d
2
5

-= . 

 Obtain the resultant of the four forces acting at A, B, C  and D , in magnitude, direction 

and line of action. 

15. (a) The figure represents a pentagon ABCDE formed of freely jointed uniform rods whose 

weight is w per unit length. Length aBCAE 2== , length bCDED 2==  and the angles 

at  A, B  and  D are !120  each. The uppermost rod AB is fixed horizontally and the frame 

hangs in equilibrium, the symmetrical shape being maintained by a light rod CE of length 

32b  connecting the joints C and E. Show that the reaction at the joint D is of magnitude

wb 3  and find the thrust in the light rod CE. 
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 (b) The figure represents a framework of  light rods  AB, BC, CD, DA and DB freely jointed at 
their ends, and movable in a vertical plane about the joint A.  Length aCDAB 3== ,   

       length aDABC 5==  and aDB 4= . It carries a weight W at the joint C and equilibrium is 
maintained with AB and DC horizontal and BD vertical by a horizontal force P applied 
along CD at the joint D. Sketch a stress diagram using Bow’s notation and hence find the 
stresses in all the rods. State whether these are tensions or thrusts.  
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O

 A saucepan is made by fastening the edge of a thin uniform circular  

 plate of radius a having a surface density σ to the smaller circular

 rim of a frustum of height 3a of a hollow right circular  cone with 

 circular rims of radii a and 5a having the same surface density σ,

 and fastening a thin uniform rod AB of length 4a and linear density 

 ρ to the larger rim of the frustum such that the points O, A and are collinear, where O is the 

 centre of the larger rim of the frustum, as shown in the figure. Find the position of the centre of 

 gravity of the saucepan. 

 Show that if ρ
σ < 31

24
πa , then the saucepan can stay is equilibrium when placed on a

 horizontal table with its bottom touching it. 

 It is given that ρ = πaσ. Find the angle BA makes with the downward vertical when the 

 saucepan is suspended freely from the end B' 
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17. (a)  A box contains six red balls, three green balls and three blue balls, which are identical except 
   for colour. A ball is drawn at random from the box. Find the probability that the ball is blue.     
   If the ball drawn is either green or red, one additional red ball and one additional blue ball are 
   added to the box, together with the original ball. If the ball drawn is blue, there is no 
   replacement.

   Now, a second ball is drawn from the box at random. What is the probability that the second 
   ball drawn is blue? 
   Find the pro�a�ilit� that the first �all drawn is a �lue one, gi�en that the second �all drawn is a
   blue one.

     (b� �ar�s o�tained �� ��� students in an e�amination are gi�en in the following ta�le.  

     

�arks 5 - 19 20 - 34 35 - 49 50 - 64 65 - 79 80 - 94

Mid point (x
i
) 12 27 42 57 72 87

�requency �f
i
) 10 20 30 15 15 10

  

  �sing the transformation 

Now, a second ball is drawn at random. What is the probability, the second ball drawn is 
blue?  
Find the probability that the first ball drawn is blue, given that the second ball drawn is blue. 
 

(b) Marks obtained by 100 students in an examination are given in the following table  

Marks              10-19          20-29      30-39  40-49       50-59  60-69          70-79 

Mid Point )( ix    15      25         35    45          55    65  75 

Frequency )( if    15  25         20    15          15    08  02 

Using the transformation ( )45
10
1

-= ii xy , estimate the mean and the standard deviation of 

this distribution of marks.  

The mean and the standard deviation of marks obtained by another 100 students in the same 

examination are 40 and 15, respectively. Estimate the mean and the standard deviation of the 

marks obtained by all 200 students in this examination. 

 

 1
15

(x
i  
� 42), estimate the mean and the variance of this 

  distribution of marks. 

  The mean and the standard deviation of marks obtained by another 100 students in the same 
  examination are 40 and 15, respectively. Estimate the mean and the variance of the marks 
  obtained by all 200 students in this examination.

*  *  * 
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 (11) cau; fzpjk; 

tpdhj;jhs; fl;likg;G 

tpdhj;jhs; I - Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplk;)

  ,t;tpdhj;jhs; ,U gFjpfisf; nfhz;Ls;sJ.

  gFjp A  :  gj;J tpdhf;fs;. vy;yh tpdhf;fSf;Fk; tpil vOj Ntz;Lk;.  

  xt;nthU tpdhTf;Fk; 25 Gs;spfs; tPjk; 250 Gs;spfs;.
  gFjp B  :  VO tpdhf;fs;. Ie;J tpdhf;fSf;F tpil vOj Ntz;Lk;. 

    xt;nthU tpdhTf;Fk; 150 Gs;spfs; tPjk; 750 Gs;spfs;.

  tpdhj;jhs; I ,w;F nkhj;jg; Gs;spfs; =  1000

tpdhj;jhs; II  - Neuk; : 03 kzpj;jpahyq;fs; (Nkyjpf thrpg;G Neuk; 10 epkplk;)

  ,t;tpdhj;jhs; ,U gFjpfisf; nfhz;Ls;sJ.

  gFjp A  :  gj;J tpdhf;fs;. vy;yh tpdhf;fSf;Fk; tpil vOj Ntz;Lk;.  

  xt;nthU tpdhTf;Fk; 25 Gs;spfs; tPjk; 250 Gs;spfs;.
  gFjp B  :  VO tpdhf;fs;. Ie;J tpdhf;fSf;F tpil vOj Ntz;Lk;. 

    xt;nthU tpdhTf;Fk; 150 Gs;spfs; tPjk; 750 Gs;spfs;.

  tpdhj;jhs; II ,w;F nkhj;jg; Gs;spfs; =  1000

,Wjpg; Gs;spfisf; fzpj;jy; :  tpdhj;jhs; I       =  1000  
      tpdhj;jhs; II       =     1000 
           ,Wjpg; Gs;sp    =  2000 ÷ 20  = 100 

f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - cau; fzpjk;
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 (11) cau; fzpjk; 
tpdhj;jhs; I 

ftdpf;f : 
*   gFjp A ,y; vy;yh tpdhf;fSf;Fk; tpil vOJf.  

*   gFjp B ,y; Ie;J tpdhf;fSf;F khj;jpuk; tpil vOJf.  

gFjp A 

1. fhuzpg;gLj;Jf: x3 (y − z) + y3 (z − x) + z3 (x − y).  
 ,jpypUe;J> (a − b)3 (a + b − 2c) + (b − c)3  (b + c − 2a) + (c − a)3 (c + a − 2b) = 0 vdf; fhl;Lf.

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

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

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

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

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

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

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

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

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

2. k ∈ IR vdf; nfhs;Nthk;. IR  kPJ xU njhlu;G R MdJ x4 − y4 − kx2 + ky2 = 0 vdpd; xRy  ,dhy;  

 tiuaWf;fg;gLfpd;wJ. R MdJ IR kPJ xU rktd;ikj; njhlu;ngdf; fhl;Lf.

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

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

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

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

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

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

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

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

 .............................................................................................................................................................
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3. x ≠ 1 ,w;F f(x) =  x + 1 
 x − 1 

 
 vdTk; x ∈ IR ,w;F g(x) = ax3 + 1 vdTk; nfhs;Nthk;; ,q;F a xU nka;k;  

 khwpyp. NkYk; x  ≠ 1 ,w;F h(x) = (g o f) (x) vdf; nfhs;Nthk;. h(2) = 28 vdj; jug;gl;Ls;sJ.  

 a = 1 vdf; fhl;Lf. h−1(x) I vOJf. 

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

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

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

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

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

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

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

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

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

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

4. x + y + z MdJ JzpNfhit Δ = 
x   x3       y + z 
y   y3       z + x
z   z3       x + y

 ,d; xU fhuzpnadf; fhl;b> Δ I  

 Vfgupkhzf; fhuzpfspd; xU ngUf;fkhf vLj;Jiuf;f.  

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................................
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9. f > g Mfpad Mapil [0, 1] kPJ tiuaWf;fg;gLk; ,U nka;g; ngWkhdr; rhu;Gfnsdf; nfhs;Nthk;. 

 f > g ,d; ngWjp gʹMfpad Mapil [0, 1] kPJ njhlu;r;rpahdit vdTk; x ∈ [0, 1] ,w;F 

 3f (1 − x) + 2xgʹ (x) =  4x3  
vdTk; nfhs;Nthk;. ∫ 

1

0

  f (x)  = 2,  g(1) = 1 vdpd;> ∫ 
1

0

  g (x)dx =  7
2

 vdf; fhl;Lf.
 
 
 ...........................................................................................................................................................

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

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

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

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

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

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

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

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

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

10. xNu tupg;glj;jpy; r − 2sinθ = 0, r2− 2r (√2 cos θ + sin θ ) + 2  = 0 vd;Dk; KidTr; 

 rkd;ghLfspdhy; jug;gLk; tisapfisg; gUk;gbahf tiuf. 

 ,t;tisapfs; nrq;Nfhzq;fspy; ,ilntl;Lfpd;wdntdf; fhl;Lf.

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

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

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

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

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

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

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

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

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

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

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

*  *
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9. f > g Mfpad Mapil [0, 1] kPJ tiuaWf;fg;gLk; ,U nka;g; ngWkhdr; rhu;Gfnsdf; nfhs;Nthk;. 

 f > g ,d; ngWjp gʹMfpad Mapil [0, 1] kPJ njhlu;r;rpahdit vdTk; x ∈ [0, 1] ,w;F 

 3f (1 − x) + 2xgʹ (x) =  4x3  
vdTk; nfhs;Nthk;. ∫ 

1

0

  f (x)  = 2,  g(1) = 1 vdpd;> ∫ 
1

0

  g (x)dx =  7
2

 vdf; fhl;Lf.
 
 
 ...........................................................................................................................................................

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

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

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

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

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

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

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

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

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

10. xNu tupg;glj;jpy; r − 2sinθ = 0, r2− 2r (√2 cos θ + sin θ ) + 2  = 0 vd;Dk; KidTr; 

 rkd;ghLfspdhy; jug;gLk; tisapfisg; gUk;gbahf tiuf. 

 ,t;tisapfs; nrq;Nfhzq;fspy; ,ilntl;Lfpd;wdntdf; fhl;Lf.

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

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

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

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

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

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

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

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

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

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

 ...........................................................................................................................................................
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gFjp B 

11. (a) A, B, C Mfpad Xu; mfpyj; njhil S ,d; njhilg;gpupTfnsdf; nfhs;Nthk;. ePu; gad;gLj;Jk; 
 njhil ml;rufzpj tpjpfisj; njspthff; Fwpg;gpl;L 

                (i)   A ∪ B = A ∪ (Aʹ ∩ B),
               (ii) B =  (A ∩ B) ∪ (Aʹ ∩ B), 
             (iii) (A − B) ∩ C = (A ∩ C) − (B ∩ C)  
 vdf; fhl;Lf; ,q;F A − B MdJ  A − B =  A ∩ Bʹ ,dhy; tiuaWf;fg;gLfpd;wJ.  

(b) 150 khztu;fsplk; fpwpf;nfw;> n`hf;fp> cijge;jhl;lk; Mfpatw;wpy; mtu;fs; tpUk;Gk;  

tpisahl;Lfisj; Jzptjw;fhd xU kjpg;gPL Nkw;nfhs;sg;gl;lJ. mtu;fspy; 60 khztu;fs; 

fpwpf;nfw;iwAk; 50 khztu;fs; n`hf;fpiaAk; 70 khztu;fs; cijge;jhl;lj;ijAk; 35  
khztu;fs; n`hf;fpiaAk; cijge;jhl;lj;ijAk; 20 khztu;fs; fpwpf;nfw;iwAk;  

cijge;jhl;lj;ijAk; 42 khztu;fs; fpwpf;nfw;iwAk; n`hf;fpiaAk; 10 khztu;fs; mk;%d;W  

tpisahl;LfisAk; tpUk;Gtjhf mwpag;gl;lJ. 

     (i)    ,k;%d;W tpisahl;Lfspy; vjidAk; tpUk;ghj> 

  (ii)    fpwpf;nfw;iw khj;jpuk; tpUk;Gk;> 
  (iii)   cau;e;jgl;rk; xU tpisahl;il khj;jpuk; tpUk;Gk; 

  khztu;fspd; vz;zpf;ifiaf; fhz;f. 

12. (a) a, b, c Mfpad Nenuz;fnsdf; nfhs;Nthk;.  

 √a b  ≤ 1
2  (a + b) vdf; fhl;Lf. 

 (abc)
1
3   ≤ 1

3  (a + b + c) I ca;j;jwpf. 

 gpd;tUk; xt;nthd;iwAk; fhl;Lf. 

 (i) (a + 4b) (b + 4c) (c + 4a)  ≥  64abc. 

  (ii)    0 < a < 1 ,w;F a (1 − a)2  ≤   4
27

.

     (b) cUkhw;wk; ( )x'

y' ( )x
y( )1 2

1−1=  MdJ xy− jsj;jpy; cs;s Gs;sp (a, a + 2) I x'y'  jsj;jpy;  

  cs;s Gs;sp (2a, b) kPJ glkhf;Ffpd;wJ; ,q;F a> b Mfpad nka;k; khwpypfs;. a > b Mfpatw;wpd; 

  ngWkhdq;fisf; fhz;f. 

  xy− jsj;jpy; (0, 0), (1, 0),  (1, 1), (0, 1) vd;Dk; cr;rpfisf; nfhz;l rJuk; glkhf;fg;gLk;  

  x'y' −  jsj;jpy; cs;s ,izfuj;jpd; cr;rpfisf; fhz;f. 

13. xU Neu; KOntz; Rl;bf;Fj; j Nkha;tupd; Njw;wj;ij vLj;Jiuj;J> epWTf.  

 k  =  1, 2, 3, ...  ,w;F wk = cos  

2kπ  
 7  

2kπ  
 7  

 (       )  (       )+  i  sin      vdf; nfhs;Nthk;. 

 k  =  1, 2, 3, ... ,w;F wk
7 = 1  vdf; fhl;b> ,jpypUe;J> rkd;ghL z7 

= 1 ,d; MW nka;ay;yhj 

 NtWNtwhd %yq;fis vOJf. 

 1 + w1  + w2     + w3 + w4  + w5  + w6  = 0  vdTk; k  = 1, 2, 3 ,w;F wk + w7 − k  = 2 cos   
2kπ  
 7  

 (       )  vdTk; fhl;Lf.
 
      1

2
 (     )  (     )  (     )+  +  2π  

 7  
4π  
 7  

6π  
 7  

 cos  cos  cos = −  I ca;j;jwpf. 

       mj;Jld; 1+ z + z2  + z3 + z4 + z5+ z6 = {z2 − 2 cos (     )2π
    7

z + 1}{z2 − 2 cos (     )4π
    7

z + 1} {z2 − 2 cos (     )6π
    7

z + 1}  
   vdTk; fhl;Lf. 
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14. (a) − 1 < x < 1 ,w;F tifaPl;Lr; rkd;ghL (1 − x2) dy
dx

 + y = x2  (1 + x) (1 − x)
3
2   Ij; jPu;j;J> 

 ,jpypUe;J> x = 0 Mf ,Uf;Fk;NghJ y = 1 Ij; jpUg;jpahf;Fk; jPu;itf; fhz;f. 

      (b) λ  xU nka;g; gukhdkhf ,Uf;Fk;NghJ tisapf; FLk;gk; y = λ(x − 1)2 + 3 ,dhy; 
 jpUg;jpahf;fg;gLk; tifaPl;Lr; rkd;ghl;ilf; fhz;f. 

 ,jpypUe;J> epkpu;Nfhzf; flitf; FLk;gj;jpd; nghJr; rkd;ghl;ilf; fhz;f. 

15. (a) n MdJ xU kiway;yh epiwnaz;zhf ,Uf;Fk;NghJ" In = ∫ 
1

0

xn cos  (      x) π
 2

dx  vdf; nfhs;Nthk;. 

 n ≥ 2 ,w;F In +  8
 π3

 n(n −1) In − 1  
=  2

 π
 vdf; fhl;Lf. 

 ,jpypUe;J>  I4 If; fhz;f. 

 

      (b) y  = etan−1x vdf; nfhs;Nthk;.  (1 + x2) d
2y

dx2
= (1 − 2x) dy

dx
 vdf; fhl;Lf. 

  x4 ,d; cWg;G (cl;gl) tiu y kf;FNsupd; tpupiag; ngWf. 

  ,jpypUe;J> njhifaPL ∫ 
0

1
2

etan−1x dx  ,d; Xu; mz;zsTg; ngWkhdj;ijf; fhz;f.

16. (a) ePs;tisak;  x2 

a2

y2 

b2
+  = 1  ,w;Fg; Gs;sp P(a cosθ , b sinθ ),y; tiuag;gl;Ls;s njhlyp 

 
x
a cosθ + y

b sinθ = 1 ,dhy; jug;gLfpd;wnjdf; fhl;Lf.  NfhL y = x + c MdJ ePs;tisak;  

 x2 

4 y2 +  = 1  ,w;Fupa xU njhlypahFk;. c = √5±  vdf; fhl;Lf. 

 P> Q Mfpa njhLifg; Gs;spfspd; Ms;$Wfisf; fz;L ehz; PQ MdJ cw;gj;jpapD}lhfr; 

 nry;fpd;wnjdf; fhl;Lf. 

      (b) gutisT y2 = 4ax ,dhYk; (ap2 , 2ap), (aq2 , 2aq) Mfpa Gs;spfisj; njhLf;Fk; ehzpdhYk; 

 cs;silf;fg;gLk; gug;gsT A MdJ 9A2 = a4 (p − q)4 ,dhy; jug;gLfpd;wnjdf; fhl;Lf. 

 P ≡ (             ) 4
 

−1     
√ √5 5

,   vdf; nfhs;Nthk;. P MdJ gutisT  y2  =  1     
√54

x  kPJ cs;snjdf; fhl;Lf.

 gutisT y2  =  1     
√54

x ,w;Fg; Gs;sp P ,y; tiuag;gLk; nrt;tdpd; rkd;ghL √5 y √5 x8 + 33 = 0−   

 vdf; fhl;Lf.

 NfhL PQ, nrt;td; √5 y √5 x8 + 33 = 0 − , gutisT y2  =  1     
√54

x  Mfpatw;wpdhy; tiug;Gw;w 

 gug;gsitf; fhz;f.

 

R
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14. (a) − 1 < x < 1 ,w;F tifaPl;Lr; rkd;ghL (1 − x2) dy
dx

 + y = x2  (1 + x) (1 − x)
3
2   Ij; jPu;j;J> 

 ,jpypUe;J> x = 0 Mf ,Uf;Fk;NghJ y = 1 Ij; jpUg;jpahf;Fk; jPu;itf; fhz;f. 

      (b) λ  xU nka;g; gukhdkhf ,Uf;Fk;NghJ tisapf; FLk;gk; y = λ(x − 1)2 + 3 ,dhy; 
 jpUg;jpahf;fg;gLk; tifaPl;Lr; rkd;ghl;ilf; fhz;f. 

 ,jpypUe;J> epkpu;Nfhzf; flitf; FLk;gj;jpd; nghJr; rkd;ghl;ilf; fhz;f. 

15. (a) n MdJ xU kiway;yh epiwnaz;zhf ,Uf;Fk;NghJ" In = ∫ 
1

0

xn cos  (      x) π
 2

dx  vdf; nfhs;Nthk;. 

 n ≥ 2 ,w;F In +  8
 π3

 n(n −1) In − 1  
=  2

 π
 vdf; fhl;Lf. 

 ,jpypUe;J>  I4 If; fhz;f. 

 

      (b) y  = etan−1x vdf; nfhs;Nthk;.  (1 + x2) d
2y

dx2
= (1 − 2x) dy

dx
 vdf; fhl;Lf. 

  x4 ,d; cWg;G (cl;gl) tiu y kf;FNsupd; tpupiag; ngWf. 

  ,jpypUe;J> njhifaPL ∫ 
0

1
2

etan−1x dx  ,d; Xu; mz;zsTg; ngWkhdj;ijf; fhz;f.

16. (a) ePs;tisak;  x2 

a2

y2 

b2
+  = 1  ,w;Fg; Gs;sp P(a cosθ , b sinθ ),y; tiuag;gl;Ls;s njhlyp 

 
x
a cosθ + y

b sinθ = 1 ,dhy; jug;gLfpd;wnjdf; fhl;Lf.  NfhL y = x + c MdJ ePs;tisak;  

 x2 

4 y2 +  = 1  ,w;Fupa xU njhlypahFk;. c = √5±  vdf; fhl;Lf. 

 P> Q Mfpa njhLifg; Gs;spfspd; Ms;$Wfisf; fz;L ehz; PQ MdJ cw;gj;jpapD}lhfr; 

 nry;fpd;wnjdf; fhl;Lf. 

      (b) gutisT y2 = 4ax ,dhYk; (ap2 , 2ap), (aq2 , 2aq) Mfpa Gs;spfisj; njhLf;Fk; ehzpdhYk; 

 cs;silf;fg;gLk; gug;gsT A MdJ 9A2 = a4 (p − q)4 ,dhy; jug;gLfpd;wnjdf; fhl;Lf. 

 P ≡ (             ) 4
 

−1     
√ √5 5

,   vdf; nfhs;Nthk;. P MdJ gutisT  y2  =  1     
√54

x  kPJ cs;snjdf; fhl;Lf.

 gutisT y2  =  1     
√54

x ,w;Fg; Gs;sp P ,y; tiuag;gLk; nrt;tdpd; rkd;ghL √5 y √5 x8 + 33 = 0−   

 vdf; fhl;Lf.

 NfhL PQ, nrt;td; √5 y √5 x8 + 33 = 0 − , gutisT y2  =  1     
√54

x  Mfpatw;wpdhy; tiug;Gw;w 

 gug;gsitf; fhz;f.

 

R
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17. (a)  A  = ( )− −,π 
2

π 
2 {0}  vdTk; x ∈ A ,w;F f (x)  =  cosec x + sec x 

   tan x + cot x (                        )2
2     

−
cosec2x

 vdTk; nfhs;Nthk;.  

  x ∈ A ,w;F f (x)  = sin 2x + cos 2x  vdf; fhl;Lf. 

  f (x) I α > 0 ,w;F tbtk; Rsin (αx + θ )  ,y; vLj;Jiuf;f; ,q;F R, α > θ  Mfpad Jzpag;gl 

  Ntz;Lk;. 

   x ∈ A ,w;F f  ,d; tiuigg; gUk;gbahf tiuf. 
  

(b)   f (x)  =  1     
1 + x2  ,y; 0 ,w;Fk; 1 ,w;FkpilNa ePsk; 0.25 MfTs;s Mapilfspy; x ,d;  

 ngWkhdq;fSf;F ,U jrk jhdq;fSf;Fr; rupahd ngWkhdq;fs; gpd;tUk; ml;ltizapy; 

jug;gl;Lfpd;wd.

    

  
x 0 0.25 0.50 0.75 1

f (x)  =  1    
1 + x2 1 0.94 0.80 0.64 0.50

xf (x)  = 
 x     

1 + x2 0 0.23 0.40 0.48 0.50

 
  rpk;rdpd; newpiag; gpuNahfpj;J ∫ 

1

0

1 + x 
1 + x2 

dx  ,w;F Xu; mz;zsTg; ngWkhdj;ijg; ngWf.  

  ∫ 
1

0

1 + x 
1 + x2 

dx  ,d; nrg;gkhd ngWkhdj;ijf; fhz;f. 

  ,jpypUe;J>  π + ln 4  ,w;F Xu; mz;zsTg; ngWkhdj;ijf; fhz;f.  

*  *  * 
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(11) cau; fzpjk; 
tpdhj;jhs; II 

gFjp A  

1. xU epiyj;j cw;gj;jp O gw;wp A, B > C vd;Dk; %d;W Gs;spfspd; jhdf; fhtpfs; KiwNa 

 i  + 2j + 3k, β i  − j + k > i  + 5j + 5k MFk;; ,q;F β xU khwpyp. Gs;sp C MdJ jsk; OAB  kPJ 
 cs;snjdj; jug;gl;Ls;sJ. β ,d; ngWkhdj;ijf; fhz;f.

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

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

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

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

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

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

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

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

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

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

               
2. xt;nthd;Wk; 3 N gUkDs;s P  =  i  + 2j − 2k > Q  =  i  + 2j + 2k vd;Dk; ,U tpirfs; KiwNa 

 3 k > −k vd;Dk; jhdf; fhtpfis cila A > B Mfpa Gs;spfspy; jhf;Ffpd;wd. mt;tpirfspd; 

fhtpf; $l;Lj;njhif R  IAk; cw;gj;jp O gw;wp mtw;wpd; jpUg;gf; fhtp G IAk; fhz;f. 

,jpypUe;J> ,t;tpU tpirfSk; xU jdp tpisAs; tpirahf xLq;Fnkdf; fhl;Lf. 
 
  .............................................................................................................................................................

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

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

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

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

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

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

 .............................................................................................................................................................
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3. xU rPuhd nrt;tl;lj; jpz;kf; $k;G khwh mlu;j;jp ρ cs;s xU jputj;jpy; mjd; cr;rp 

NkNyAk; mjd; mr;R epiyf;Fj;jhfTk; mr;rpd; %d;wpy; ,uz;L RahjPd Nkw;gug;Gf;F NkNyAk; 

,Uf;FkhW kpjf;fpd;wJ. $k;gpd; mlu;j;jp 19
27

 ρ vdf; fhl;Lf.

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

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

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

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

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

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

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

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

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

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

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

4. Neuk; t ,y; xU Jzpf;if P ,d; jhdf; fhtp r = a(cosωt) i + a(sinωt) j + (cωt) k ,dhy; 
jug;gLfpd;wJ; ,q;F a, c > ω  Mfpad Neu; khwpypfs;.  P ,d; Ntfk; v MdJ khwhg; gUkd; 

√a2+ c2ω  I cilaJ vdTk; OZ - mr;Rld; xU khwhf; Nfhzj;ij Mf;Ffpd;wJ vdTk; 

fhl;Lf.  t = 2π
 ω

 Mf ,Uf;Fk;NghJ P ,d; njhlf;f miktpypUe;J mjd; ,lg;ngau;r;rpiaf; 

fhz;f. 

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

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

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

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

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

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

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

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

 .............................................................................................................................................................
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5. fjp u cld; epiyf;Fj;jhff; fPo;Nehf;fp ,aq;Fk; xU rpwpa xg;gkhd Nfhsk; fpilAld; 

rha;T π
6

 ,y; cs;s xU epiyj;j xg;gkhd jsj;jpw; gl;Lf; fpilahfg; gpd;dijf;fpd;wJ. 

Nfhsj;jpw;Fk; jsj;jpw;FkpilNa cs;s kPsikTf; Fzfk; 1
3

 vdTk; Nfhsj;jpy; vQ;rpapUf;Fk; 

,af;fg;ghl;Lr; rf;jp nkhj;jYf;Fr; rw;W Kd;du; cs;s mjd; ngWkhdj;jpy;  1
3

 vdTk; fhl;Lf.

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

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

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

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

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

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

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

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

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

6. jpzpT m IAk; Miu a IAk; cila xU rPuhd tl;l tisak; mjpy; cs;s xU Gs;sp A 

,D}lhfr; nry;Yk; xU fpil mr;irg; gw;wp xU epiyf;Fj;Jj; jsj;jpy; RahjPdkhfr;  

Royj;jf;fJ. tisak; mjd; ikak; C MdJ A ,w;F epiyf;Fj;jhf NkNy ,Uf;FkhW 
itf;fg;gl;L> gpd;du; mjw;F xU rpwpa ,lg;ngau;r;rp jug;gLfpd;wJ. ikak; C MdJ A ,w;F 
epiyf;Fj;jhff; fPNo ,Uf;Fk;NghJ mjd; fjp √2ga  vdf; fhl;Lf.

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

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

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

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

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

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

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

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

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

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

 .............................................................................................................................................................
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7. gpd;df vOkhw;W khwp X MdJ  ± 3,  ± 1 vd;Dk; ngWkhdq;fis khj;jpuk; vLf;Fk;NghJ mit 

 P(X = x) = k x  vd;Dk; epfo;jfTfSld; ,Uf;fpd;wd; ,q;F k xU Neu; khwpyp. 
  (i) k ,d; ngWkhdj;ijAk; E(X 

2
) IAk; fhz;f. 

 (ii) X ,d; epak tpyfy; √7 vdf; fhl;Lf. 

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

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

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

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

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

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

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

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

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

8. vOkhw;W khwp X MdJ 0, 1, 2, 3 vd;Dk; ngWkhdq;fis khj;jpuk; vLf;fpd;wJ. P(X ≤ 1) = 0.5, 
P(X ≤ 2) = 0.9 > E(X ) = 1.3 vdj; jug;gLk;NghJ X ,d; epfo;jfTg; guk;giyg; ngWf. Var(X)  ,d; 
ngWkhdk; mz;zsthf 1 vdf; fhl;Lf. 

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

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

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

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

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

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

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

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

 ............................................................................................................................................................
 
 ............................................................................................................................................................
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9. kiway;yhj x ,w;F khj;jpuk; tiuaWf;fg;gLk; xU njhlu; vOkhw;W khwp X ,d; epfo;jfT 
mlu;j;jpr; rhu;G f(x) gpd;tUkhW cs;sJ:   

 0 ≤ x ≤ 1 ,w;F f(x) = kx ck; x ≥ 1 ,w;F f(x) = k
x4

 ck; MFk;. 

   (i)   khwpyp k  ,d; ngWkhdk;  
  (ii) X ,d; ,il E(X)  
 (iii) ,e;epfo;jfTg; guk;gypd; Mfhuk; 

 Mfpatw;iwf; fhz;f.  

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

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

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

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

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

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

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

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

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

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

10. 0 ≤ x ≤ 1 ,w;F tiuaWf;fg;gLk; Xu; vOkhw;W khwp X ,d; jpul; guk;gw; rhu;G F(x) MdJ 

F(x) = ax2 − 2x3 ,dhy; jug;gLfpd;wJ. khwpyp a ,d; ngWkhdj;ijf; fz;L> E(X) = 1
2

 vdf; 
fhl;Lf. mj;Jld; epfo;jfT P( 1

4  ≤ X ≤ 3
4 ) IAk; fhz;f. 

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

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

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

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

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

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

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

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

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

*  *
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gFjp B 

11.  xt;nthd;wpdJk; gUkd; P N MfTs;s MW tpirfisf; nfhz;l xU njhFjp Xu; xOq;fhd 

ehd;Kfp OABC ,d; , , , , , OA AB OB BC OC CA vd;Dk; MW tpspk;Gfs; topNaAk;  

(fhl;lg;gl;Ls;s jpirfs; topNa) jhf;Ffpd;wJ> ehd;Kfpapd; A, B, C Mfpa %d;W cr;rpfspd;> 

cr;rp O MdJ cw;gj;jpahfTs;s Ox, Oy, Oz vd;Dk; njf;fhl;L mr;Rfs; Fwpj;J> Ms;$Wfs; 

KiwNa (a, a, 0), (a, 0, a), (0, a, a) MFk;;; ,q;F a  MdJ kPw;wupy; msf;fg;gl;l ePskhFk;.  

,t;tpirfspd; jpirfspy; myFf; fhtpfis vOjp> mjpypUe;J> MW tpirfisAk; fhtp 

tbtj;jpy; vLj;Jiuf;f. cw;gj;jp O ,y; jhf;Fk; gUkd;  R = √ 6 P NMfTs;s xU tpir R 
MfTk; jpUg;gf; fhtp G MfTs;s Xu; ,izahfTk; njhFjpia xLf;fyhnkdf; fhl;Lf.  R > G 

Mfpa fhtpfis i,  j, k vd;Dk; myFf; fhtpfs;> vz;zp P Mfpatw;wpd; rhu;gpy; vLj;Jiuf;f. 

 ,jpypUe;J> Gupapil  p = R . G
R2 

, MfTs;s xU KWf;fpf;Fj; njhFjp rktYTs;sJ vdTk; 

mjd; mr;R fhtpr; rkd;ghL G − r  × R = pR  MfTs;s NfhL topNa cs;sJ vdTk; fhl;Lf.  

p I a ,d; rhu;gpw; fz;L KWf;fpapd; mr;rpd; jhdf; fhtpr; rkd;ghl;il epakg; gukhd tbtk; 

r0r = + λN, ,w; ngWf; ,q;F r0 > N Mfpad Jzpg;gl Ntz;ba fhtpfshFk;. KWf;fpapd; 

mr;rpd; njf;fhl;bd; rkd;ghl;ilAk; ,f;Nfhl;bd; jpirf; Nfhidd;fisAk; ca;j;jwpf.  
       

12.  Miu a I cila xU tl;lj; jl;L mlu;j;jp ρ I cila Xu; Vftpdj; jputj;jpy;> mjd; ikak; 

O MdJ jputj;jpd; RahjPd Nkw;gug;gpypUe;J Mok; h(≥ a) ,y; ,Uf;FkhW> epiyf;Fj;jhf 
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 a2
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12.  A circular plate of radius a is completely immersed vertically in a 
homogeneous liquid, with its centre O at a depth h ( )a³  below the free  

       surface of the liquid. Write down the liquid thrust on the plate.  

       Using integration, show that the centre of pressure of the plate 

lies on its vertical diameter at a depth 
h
a2  below the centre O.  

A plane door  S  in the shape of the region between two 
concentric circles of radii  a  and  2a is located on a vertical side of a 
tank filled  

with a homogeneous liquid of density r . The depth of the liquid 
in the tank is 6a.  The door is freely hinged at its uppermost point A  

which is at a depth  a  below the free surface. Find the force that 
should be applied perpendicular to the door at its lowest point B to 
keep  

it closed.  

 

13. A particle is projected vertically upwards with speed U from a 
point A on the horizontal ground, in a medium which offers a  

     resistance kv per unit mass when its speed is v, where k is a 
constant.  Show that, the particle comes to rest instantaneously after a 
time    
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1 , at the point B at a height H above A, where 

TgUkH -= .  

          If the time taken by the particle for its downward motion, 
starting from rest at B, until it  reaches A is T1 and its speed at A is U1   

show that  T + T1 = .ln
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14.  jpzpT m  I cila xU Jzpf;if P MdJ ePsk; 2a MfTs;s Xu; ,Nyrhd ePl;l Kbahj 

,ioapd; xU EdpAlDk; rk jpzpTs;s NtnwhU Jzpf;if Q MdJ ,ioapd; kw;iwa  

EdpAlDk; ,izf;fg;gl;Ls;sd. Jzpf;if P MdJ xU Gs;sp A ,Yk; Jzpf;if Q MdJ A 
,w;F epiyf;Fj;jhff; fPNo J}uk; a ,y; cs;s xU Gs;sp B ,Yk; jhq;fg;gLfpd;wd. njhlf;fj;jpy; 

Jzpf;if P ,w;F xU fpil Ntfk; u jug;gLk; mNj Ntis xNu Ntisapy; Jzpf;if Q MdJ 

Gs;sp B ,y; Xa;tpypUe;J tpLtpf;fg;gLfpd;wJ.  
  Q njhlu;ghfj; Jzpf;if P ,d; ,af;fj;ijf; fUJtjd; %yk; my;yJ NtW tpjkhf> ,io 

,Wf;fkhf ,Uf;Fk;NghJ epiyf;Fj;Jld; mjd; rha;T 
π
3  vdf; fhl;Lf. 

 njhFjpapd; jpzpT ikAk; G gw;wpf; Nfhz ce;jj;ijf; fUJtjd; %yk;  
  (i) ,io ,Wf;fkhfp cldbahfg; gpd;dUk; njhFjpapy; gpd;du; eilngWk; ,af;fj;jpYk; 

Nfhz Ntfk; khwpypahfTk;   u
4a

 ,w;Fr; rkkhfTk; ,Uf;Fk; vdTk;  
 (ii) Q ,w;Ff; fPNo P ,Uf;FkhW ,io epiyf;Fj;jhf tUtjw;F vLf;Fk; Neuk; 

  

14.  A particle P of mass m is attached to one end of a light 
inextensible string  of length 2a, and  another particle Q of equal mass  

       is attached to the other end of the string. Particle P is held at a 
point A and particle Q held at the point B distant  a vertically  

      below the point A. Initially, the particle P is given a horizontal 
velocity u and simultaneously, particle Q is released from rest at point 
B.  

      

       By considering the motion of particle  P relative to Q, or 
otherwise, show that when the string becomes taut the inclination  

       of the string to the vertical is .
3
p   

       By considering conservation of angular momentum of the system 
about its centre of mass, G, show further that  

(i) just after the string becomes taut and also in the 
subsequent motion of the system, the angular velocity of 
the string  

remains constant and equal to ;
4a
u     

(ii) the time at which the string becomes vertical with P 

below Q is ÷
ø
ö
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è
æ +=

3
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p
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       By considering the motion of the centre of mass, G, and the 
motion of the system relative to G 

(iii) show that the path of G in the subsequent motion of the 
system is a parabola, 
and find the horizontal and vertical distances of G from 
the point A, at time .1tt =   

 
vdTk; 

NkYk; fhl;Lf.

G ,d; ,af;fj;ijAk; G njhlu;ghfj; njhFjpapd; ,af;fj;ijAk; fUJtjd; %yk; 

(iii) njhFjpapd; gpd;du; eilngWk; ,af;fj;jpy; G ,d; ghij xU gutisntdf; fhl;b> Neuk;  
t = t1  Mf ,Uf;Fk;NghJ Gs;sp A ,ypUe;J G ,d; fpilj; J}uj;ijAk; epiyf;Fj;Jj; 

J}uj;ijAk; fhz;f.

 

15.  jpzpT M IAk; Miu a IAk; cila xU nky;ypa rPuhd tl;l tisaj;jpd; ikaj;jpD}lhfr; 

nry;Yk;> mjd; jsj;jpw;Fr; nrq;Fj;jhd Xu; mr;irg; gw;wp mjd; rlj;Jtj; jpUg;gj;ij vOJf. 

 jpzpT M IAk; Miu a IAk; cila xU rPuhd tl;lj; jl;bd; ikaj;jpD}lhfr; nry;Yk; 

mjd; jsj;jpw;Fr; nrq;Fj;jhd Xu; mr;Rg; gw;wpa rlj;Jtj; jpUg;gk; 1
2 Ma2 vdj; njhifaplyhw; 

fhl;Lf.  
       tisaKk; jl;Lk; fpilAld; Nfhzk; α ,w; rha;e;j xU epiyj;j jsj;jpd; mjpAau; rupTf;  

NfhLfs; topNa xd;iwnahd;W rhuhky; fPo;Nehf;fp (eOthky;) cUSfpd;wd. xt;nthU  

nghUSk; mtw;wpd; ikaq;fs; Neuk; t = 0 ,y; xNu fpilf; Nfhl;by; ,Uf;f Xa;tpypUe;J 
,af;fj;ij Muk;gpf;fpd;wd.

  rf;jpf; fhg;Gf; Nfhl;ghl;ilg; gad;gLj;jp> jsj;jpd; topNa fPo;Nehf;fpj; J}uk; ,w;F cUz;l 

gpd;du; tisaj;jpdJk; jl;bdJk; ikaq;fspd; v > V Mfpa fjpfs; KiwNa v2 = gx sin α > 

V2 =  4g
 3

x sin α vd;Dk; rkd;ghLfspdhy; jug;gLnkdf; fhl;Lf.

 
      ,jpypUe;J my;yJ NtW tpjkhf> xt;nthU nghUspdJk; Mu;KLfiyf; fz;L tisaj;jpYk; 

ghu;f;fj; jl;L $Ljyhfj; J}uk;  1
12 gt2 sin α  ,aq;Fnkdf; fhl;Lf.

R
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12 gt2 sin α  ,aq;Fnkdf; fhl;Lf.

R

f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - cau; fzpjk;



-154-- 154 -
f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - cau; fzpjk;

16. (a) 'xt;nthd;Wk; ntw;wp epfo;jfT p (0 < p < 1) MfTs;;s n rhuh Kay;Tfspy; fpilf;Fk; 

ntw;wpfspd; vz;zpf;if"iaf; fhl;Lk; vOkhw;W khwpia X Fwpf;fpd;wJ vdTk; X MdJ       

epfo;jfTr; rhu;G P(X = x) = C
n

x (1 − p)n − x px, x = 0, 1, 2,  .... n MfTs;s Xu; <UWg;Gg; guk;giyg; 

gpd;gw;Wfpd;wJ vdTk; nfhs;Nthk;. 

  x ≤ (n + 1) p − 1 Mf ,Ue;jhy; - ,Ue;jhy; khj;jpuk; P(X = x) ≤ P(X = x + 1) vdf; fhl;Lf. 
Fwpf;Fr; RLgtu; xUtu; xU Fwpj;j ,yf;fpw;Fr; RLtjw;Fg; gy rhuh Kay;Tfis  

Nkw;nfhs;fpd;whu; vdTk; xt;nthU Kay;tpYk; mtu; ,yf;fpw;Fr; RLtjpy; ntw;wpaPl;Ltjw;fhd 

epfo;jfT 0.3 vdTk; nfhs;Nthk;.   
     (i) mtu; Nkw;nfhs;Sk; rhuh Kay;Tfspd; vz;zpf;if 8 vdpd;> mjpAau; epfo;jfTld;  

  ntw;wpfspd; vz;zpf;if  
  (ii) Fiwe;jgl;rk; xU jlitNaDk; ,yf;fpw; RLtjw;fhd epfo;jfT 80% ,Yk; $bajhf 

  ,Ug;gjw;F mtu; Nkw;nfhs;s Ntz;ba Kay;Tfspd; Fiwe;jgl;r vz;zpf;if 

 Mfpatw;iwf; fhz;f. 

(b) xU gpd;df vOkhw;W khwp R MdJ  r = 1, 2, 3,… ,w;F epfo;jfTr; rhu;T P(R = r) = q
r − 1 p 

,dhy; jug;gLk; xU ngUf;fw; guk;giyg; gpd;gw;Wfpd;wJ; ,q;F 0 < p < 1 ck;   q = 1 – p  ck; 

MFk;.  

 (i) jpul; guk;gw; rhu;G P (R ≤ r) = 1 – qr vdTk; 

 (ii) s, t vd;Dk; vitNaDk; ,U Neu; epiwnaz;fSf;F P(R > s + t  R > s) = P(R > t)  vdTk; 

       fhl;Lf.

17. (a) xU NgUe;J epWj;Jkplk; A  ,w;F tUk; (xU Fwpj;j ghijapw; nry;Yk;) NgUe;Jfspd;  

mLj;JtUk; tUiffSf;fpilNa cs;s (epkplj;jpyhd) Neu Mapil X Xu; vOkhw;W khwpahFk;. 

X MdJ mlu;j;jpr; rhu;G 

  

              exponential distribution with density function 
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xll  

Find the mean µ  and the standard deviation s  of the random 
variable X, in terms of the parameter l  appearing in  

the density function  f(x). 

Now let the parameter 
10
1

=l .  Suppose that a bus in this 

particular route arrived at the stop A at 7.00 a.m.  

Find the probability that the next bus (in the same route) will 
arrive at the stop A between 7.15 a.m. and 7.30 a.m.  

[It may be assumed that  2231.05.1 »-e .] 

 

(b)  The times Y (in minutes) taken by an express train to travel 
from one station S1 to the next station S2 is a random variable 

       which follows a normal distribution with a mean of 40 minutes 
and a standard deviation of 5 minutes.  

 Suppose an express train left the station S1 and started to travel 
towards the station S2 , at 2.00 p.m. 

(i) Find the probability that the train will reach station S2 
before 2.45 p.m. 

(ii) Given that the train had arrived at station S2 before 2.45 
p.m, find the probability that the  
train had arrived at station S2 before 2.30 p.m. 
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from one station S1 to the next station S2 is a random variable 

       which follows a normal distribution with a mean of 40 minutes 
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Mf ,Uf;Fk;NghJ

NtW tpjkhf ,Uf;Fk;NghJ

cld; Xu; mLf;Ff;Fwpg; guk;giyg; gpd;gw;Wfpd;wJ; ,q;F λ xU Neu;g; gukhdk;. vOkhw;W khwp 

X ,d; ,il m IAk; epak tpyfy; s IAk; gukhdk; λ ,d; rhu;gpw; fhz;f. 

,g;NghJ gukhdk; λ =  110  vdf; nfhs;Nthk;. (,g;ghijapw; nry;Yk;) xU NgUe;J epWj;Jkplk;  

A ,w;F K.g. 7.00 ,w;F te;jnjdf; nfhs;Nthk;. (,Nj ghijapw; nry;Yk;) mLj;j NgUe;J 

epWj;Jkplk; A ,w;F K.g. 7.15 ,w;Fk; 7.30 ,w;FkpilNa tUtjw;fhd epfo;jfitf; fhz;f.

[e –1.5 ≈ 0.2231 vdf; nfhs;syhk;.]

(b) xU fLfjpg; Gifapujk; xU epiyak; S1 ,ypUe;J mLj;j epiyak; S2 ,w;Fr; nry;tjw;F 
vLf;Fk; (epkplj;jpyhd) Neuk; Y  MdJ ,il 40 epkplj;JlDk; epak tpyfy; 5 epkplj;JlDk; 

xU nrt;td; guk;giyg; gpd;gw;Wk; Xu; vOkhw;W khwpahFk;. 

 xU fLfjpg; Gifapujk; epiyak; S1 ,ypUe;J gp.g. 2.00 ,w;Fg; Gwg;gl;L epiyak; S2 I Nehf;fpr; 
nrd;wnjdf; nfhs;Nthk;. 

 (i) Gifapujk; epiyak; S2 Ig; gp.g. 2.45 ,w;F Kd;ghf miltjw;fhd epfo;jfitf; fhz;f.

(ii) Gifapujk; epiyak; S2 Ig; gp.g. 2.45 ,w;F Kd;ghf mile;jpUe;jnjdj; jug;gl;bUg;gpd;> 

mJ epiyak; S2 Ig; gp.g. 2.30 ,w;F Kd;gjhf mile;jpUg;gjw;fhd epfo;jfitf; fhz;f.

*  *  * 
f.ngh.j. (c.ju)g; guPl;ir - 2019 ,Yk; mjd; gpd;dUk; eilngWk; guPl;irfSf;fhd tpdhj;jhs; fl;likg;Gk; khjpup tpdhf;fSk; - cau; fzpjk;
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,izg;G 01

Rw;WepUg ,yf;fk; 2016/13

f.ngh.j. (cau;ju) ghlr; Nru;khdq;fSk; 

gy;fiyf;fofg; gpuNtrk; njhlu;ghd 

ghlr; Nru;khdk;

fy;tp mikr;R

',RWgha"> gj;juKy;iy
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,izg;G 03

 

 ,f;fbjj;jpd; nkhopngau;g;G kWgf;fj;jpy; cs;sJ.



-188-

- 187 -

khfhz fy;tpg; gzpg;ghsu;>

....................................... khfhz fy;tpg; gzpkid>

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

f.ngh.j. (rh.ju)g; guPl;irf;F Kjd; Kiwahf ntspthupahd guPl;rhu;j;jpahf Njhw;Wtjw;F 

tpUk;Gk; 21 taJf;F Fiwthd tpz;zg;gjhupfspd; epfo;r;rpj;jpl;lk; kw;Wk; kjpg;gPLfs; 

njhlu;ghf gjpT nra;jy;

f.ngh.j. (rh.ju)g; guPl;irf;F Kjd; Kiwahf ntspthupg; guPl;rhu;j;jpahf Njhw;Wtjw;F tpUk;Gk; 

21 taJf;F Fiwthd tpz;zg;gjhupfspd; epfo;r;rpj; jpl;lk; kw;Wk; kjpg;gPLfs; njhlu;ghf 

gjpT nra;tjw;fhd Ntiyj;jpl;lk; 2016 tUlk; tiu khfhz fy;tpj; jpizf;fsj;jpD}lhf      

eilKiwg;gLj;jg;gLk;.

ghlrhiy ika Gjpa kjpg;gPl;L Ntiyj;jpl;lj;jpd; fPo; mt;ntspthupahd tpz;zg;gjhupfisg; 

gjpT nra;Ak; Ntiyj;jpl;lq;fs; njhlu;e;Jk; nraw;gLj;jg;glhJ vd;gjid gzpTld; njuptpj;Jf;  

nfhs;fpNwd;.

mjw;fika Nkw;Fwpg;gpl;l tplak; njhlu;ghf cupatu;fis mwpT+l;Ltjw;F eltbf;if vLf;FkhW 

kPz;Lk; njuptpj;Jf; nfhs;fpNwd;.

v];.A+. tpN[uj;d

Nkyjpf nrayhsu; (nfhs;if jpl;lkply; kw;Wk; nrayhw;Wif kPsha;T gpupT)>

Nt.g. Nkyjpf nrayhsu; (fy;tpj;ju mgptpUj;jp)>

fy;tp nrayhsUf;Fg; gjpyhf








