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2.1.3 tpdhj;jhs;; I - ,w;fhd tpilfSk; Gs;sp toq;Fk; jpl;lKk;

tpdhj;jhs;; I - Gs;sp toq;Fk; jpl;lk; 

   tpdh  tpil tpdh tpil  
 ,yf;fk;   ,yf;fk;    

      01. ....... 26. ....... 

 02. .......  27. .......  

  03. .......  28. .......  

  04. .......  29. .......  

  05. .......  30. .......  

 06. .......  31. .......  

 07. .......  32. .......  

 08. ....... 33. .......  

 09. ....... 34. .......  

 10. .......  35. ....... 

 11. .......  36. .......

 12. .......  37. .......

 13. .......  38. .......

 14. ....... 39. .......

 15. .......  40. .......

 16. .......  41. .......

 17. .......  42. .......

 18. .......  43. .......

 19. .......  44. .......

 20. .......  45. .......

 21. .......  46. .......

 22. .......  47. .......

 23. .......  48. .......

 24. .......  49. .......

 25. .......  50. .......
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       rupahd xU tpilf;F 02 Gs;spfs; tPjk; nkhj;jg; Gs;spfs; 100. 
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2.2.3.  tpdhj;jhs; II  ,w;F vjpu;ghu;f;Fk; tpilfs; Gs;sp toq;Fk; jpl;lk;> tpilaspj;jy;  
 gw;wpa mtjhdpg;G> KbT> gpNuuizfs;

 
tpdhj;jhs; II  ,w;fhd tpilfs; toq;fy; gw;wp mtjhdpg;G tiuG 2" 3" 4'1" 4'2 JizAld; 

jahupf;fg;gl;Ls;sJ. 

gFjp A - mikg;Gf; fl;Liu  
tpdh ,yf;fk; 1

  
gw;wPupah (Bacteria) gq;fR (Fungi) 

Kd;fUd;fs; $ GNuhf;fupNahlhTf;Fupait 
fUg;gjhu;j;jk; my;yJ fU gpuNjrk; 

fhzg;gLk;. 

fUtd;fd; $ ,a+f;fupNahl;lhTf;Fupait $  
xOq;fikf;fg;gl;l fU cz;L.

*Gd;dq;ffq;fs; fhzg;glkhl;lhJ $ 
nkd;rt;thy; #og;gl;l Gd;dq;fq;fs; 

fhzg;glkhl;lhJ. 

*Gd;dq;fq;fs; fhzg;gLk; $ nkd;rt;thy; 
#og;gl;l Gd;dq;fq;fs; cz;L. 

,ioakzp ,y;iy. ,ioakzp cz;L

nfhy;fpcly;fs; fhzg;glkhl;lhJ. nfhy;fpcly;fs; cz;L

ngg;upNlh fpisfspdhy;$ kpa+f;Nfh 
ngg;ill;bdhy;$ kpa+upd;Md fyr;Rtu; 

fhzg;gLk;.  

ifapw;wpd; $ FSfd; $ kdd; Md fyr;Rtu; 

fhzg;gLk;.  

kpa+Nfh ngg;ill;bdhy; (kpa+upd; )MdJ kpa+Nfh ngg;ill;L ,y;iy. 

70s ,iwNghNrhk;fs; fhzg;gLk;. 80s ,iwNghNrhk;fs; fhzg;gLk;.

     (2 × 2 =  04 Gs;spfs;)

   P : fyr;Rtu;

   Q : fU $ fU nkd;rt;T 
   R : KjYU (fy) nkd;rt;T 
   S : ,iwNghNrhk; $ fy KjYU 
   T  : ,iokzp   (2 × 5 = 10 Gs;spfs;)
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     ml;ltiiz A                                      ml;ltiiz B  

  

ifj;njhopy; cjhuzk; 

1. ntJg;gfk; Saccharomyces cerevisiae 

2. mkpNdh mkpy cw;gj;jp Corynebacterium glutamicum  

3. Nahfl; Streptococcus thermophilus  

4. tpdhfpup Acetobacter spp. 
  

      (2 × 4 = 08 Gs;spfs;)
      rupahd ifj;njhopiyj; njupTnra;jYf;F   (1 × 4 = 04 Gs;spfs;)
      rupahd tpQ;Qd ngaupw;F   (1 × 4 = 04 Gs;spfs;)

   (ntJntJg;ghd) ntg;gepiy $ 43 °C - 65 °C ,w;F ,ilg;gl;l VjhtJ ntg;gepiy.
   <ug;gjd; $ 40% - 65% ,w;F ,ilg;gl;l VjhtJ ngWkhdk;.  
   fhw;W}l;ly; $ fhw;Ws;s epyik $ O2 msT (nrwpT 5%) Mf     
   C : N tpfpjk; $ C : N tpfpjk; 30 : 1 ^my;yJ cau; iejurd; rjtPjk;&  
      vitNaDk; ,uz;L  (4 × 2 = 10 Gs;spfs;)

  

  

fl;likg;G fhNghitjNuw;wpd; ngau;  fhNghitjNuw;wpd; tif

A FSNfhR xU rf;fiul;L 

B gpuf;NwhR xU rf;fiul;L 

C Rf;FNuhR ,U rf;fiul;L 
  

       (4 × 6 = 24 Gs;spfs;)

  C Rf;FNuhRv / C apd; tiuag;gl;l fl;likg;G (04 Gs;spfs;)

  

  

fiury; fyit  epwk;

ngdbw;wpd; fiury; + FSNfhR fiury; 
(ntg;gkhf;fpa gpd;du;)

nrq;fl;br; rptg;G (rptg;G) 
 (04 Gs;spfs;)

  
  nrYNyhR (04 Gs;spfs;)
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jhtuq;fs;  
khg;nghUs;

(mikNyhRk; mikNyhngf;upd;)

tpyq;Ffs; fpisf;Nfh[d;

 (04 Gs;spfs;)

  Gujq;fs;  (04 Gs;spfs;)

  igUNthw;Wf; fiury; $ nrwpe;j iej;jpupf;fkpyk; $ kpy;ydpd; Nrhjidg; nghUs; $
  CuSO4 + NaOH $ nrd;Njh Gujg; gupNrhjid   (04 Gs;spfs;)

  

         

rf;jp

jhf;f tpUj;jp

tpis nghUs;fs;

jhf;fpfs;

 (04 Gs;spfs;)

  
  ntg;gepiy $ pH ngWkhdk; $ cg;Gr; nrwpT $ fPo;g;gilr; nrwpT $ nehjpar;nrwpT $
  kpd;dar; nrwpT (Eloectrolyte concentration)    
   vitNaDk; rupahd tpilfs; ,uz;Lf;F    (04 Gs;spfs;)
   Kjy; ,U tpilfSf;F khj;jpuk; Gs;sp toq;Ff.   

1 Mk; tpdhtpw;F tpilaspf;fg;gl;Ls;sik njhlu;ghd mtjhdpg;GfSk; KbTfSk; MNyhridfSk;

Kjyhk; tpdh fl;lha tpdhthf mike;jhYk; 89% 
Mdtu;fNs ,jw;F tpilaspj;Js;sdu;. ,t;tpdhtpw;fhd 

nkhj;jg; Gs;spfs; 100 MFk;.

0 - 25  Gs;sp Mapilapy; 31%
26 - 50  Gs;sp Mapilapy; 29% 
51 - 75 Gs;sp Mapilapy; 21%
76 - 100 Gs;sp; Mapilapy; 19% 

Mdtu;fs; Gs;spfisg; ngw;Ws;sdu;.

,t;tpdhTf;F 76 Gs;spfistpl mjpfkhfg; ngw;wtu;fs; 

7% Mdtu;fs; Mtu;. 74% Mdtu;fs; 50 ,w;Ff; Fiwthd 

Gs;spfisNa ngw;Ws;sdu;.

 tpdhtpw;Fg; Gs;spfs; ngw;w tpjk;

51 - 75

19%

26 - 50

38%

00 - 25

36%

76 - 100

7%



- 32 -
f.ngh.j. (cau; ju) njhopDl;gtpaYf;fhd tpQ;Qhdk; - kjpg;gPl;lwpf;if 2015

tpdh ,yf;fk; 2

  jpwe;j njhFjp      (04 Gs;spfs;)

  

  

jpz;k nkOF jput nkOF

(ruhrup) ,af;fr; rf;jp (ruhrup) ,af;fr; cau;T

%yf;$w;wpilj; J}uk; (%yf;$WfSf;F 

,ilapyhd J}uk;) FiwT

%yf;$w;wpilj; J}uk; 

(%yf;$WfSf;fpilapyhd J}uk;)  

%yf;$WfSf;fpilapyhd ftu;r;rp 

tYthdJ %yf;$w;wpilf; ftu;r;rp

%yf;$WfSf;fpilapyhd ftu;r;rp 

eypthdJ %yf;$w;wpilf; ftu;r;rptpir 

FiwT

%yf;$Wfs; miraf;$baitay;y %yf;$Wfs; RahjPdkhf miraf;$bait

  
        xt;nthU njhFjpapypUe;Jk; VjhtJ xd;Wf;F (8 × 2 = 16 Gs;spfs;)

  
  cUFepiy $ jpz;kkhdJ cUFk; ntg;gepiy      (08 Gs;spfs;)

  
  cUFepiy Fiwtiljy; $ tPo;r;rpailjy;.      (08 Gs;spfs;)

  fhgdPnuhl;irl;L ^CO2& ePu; ^H2O&  (4 × 2 = 08 Gs;spfs;)

  
 2C24 H50(s) + 73O2 (g)    48CO2 (g) + 50H2O (l)  (08 Gs;spfs;)

  C24 H50(s) + 73
2

O2 (g)    24CO2 (g) + 25H2O (l) 
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  1. jhf;f %yf;$Wfs; NkhJifailjy; $ fUf;fs; xd;Wld; xd;W NkhJjjy;
  2. nghUj;jkhd rhu;epiyapy; NkhJifailjy;. 
  3. %yf;$Wfs; NghJkhd ,af;frf;jpiaf; nfhz;bUj;jy; (Vtw;rf;jp)        

vitNaDk; rupahd ,uz;L tpilfSf;F    (4 × 2 = 08 Gs;spfs;)

  jfdtPjk;  =   −(8.5 − 10.5)g
8 min     =  0.25 g / min         

      (kiwf;FwpaPL = 04 Gs;spfs;)
     (rupahd gpujpaPL = 04 Gs;spfs;)
     (myFld; $ba ,Wjp tpilf;F = 08 Gs;spfs;)

      
  Fiwjfdk; $ nkOF Mtpahjy; $ rhu vz;nza; Mtpahjy;        

     vitNaDk; rupahd tpilf;F   (08 Gs;spfs;)

 
  Njitg;gLk; ntg;gj;jpd; msT FiwT $ ntg;gNkw;w Ntz;ba nryT FiwT $
  Fiwe;j ntg;gepiyapy; rhu vz;nziar; Nru;f;fKbAk;.$ MtpahFk; rhu vz;nzapdsT    

  FiwT      

     vitNaDk; rupahd tpilf;F (08 Gs;spfs;)

    
  (epuk;gpa) %fpspriul;L MdJ kPsg;Gjpg;gf;$ba rf;jptsk; $ %fpspriul;L MdJ jhtuj;ij  

  mbg;gilahff; nfhz;lJ.      

     vitNaDk; rupahd tpilf;F (08 Gs;spfs;)
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(c)(i) cggFjpapd; ,yFjd;ik 10% MFk;. 

 jhf;fnkhd;wpd; tpuakhFk; tPjk;   =  − ^,uz;lhtJ epiy − KjyhtJ epiy&
vLj;j Neuk;

  

vd;gij mtu;fs; njspthfg; Gupe;Jnfhs;stpy;iy. (c)(ii) cggFjpapd; ,yFjd;ik 5% MFk;. mjw;Ff; 

fhuzk; khztu;fs; tpiliaj; njupe;jpUe;j NghjpYk; mjid tpdhTld; njhlu;GgLj;jpj; njspthff; 

$w khtu;fspdhy; Kbatpy;iy. (c)(iii) kw;Wk; (c)(iv) Mfpa cggFjpfspd; ,yFjd;ik KiwNa 15% 
" 8% MFk;. Nkw;gb cggFjpfSf;fhd rupahd tpilia vOJtjw;F khztu;fspdhy; Kbahky; 

Nghdjw;Fg; gpujhd fhuzk; tpdhitr; rupahf thrpj;J tpsf;fk; ngwhikahFk;. ,urhadj;jhf;fk; 

eilngWk;NghJ jhf;fpfs; nrwpT Fiwtjdhy; jhf;fj;jpd; tPjKk; FiwAk;. vdpDk; nkOFtu;j;jp 

vupAk;NghJ nrwpT Fiwtilakhl;lhJ. nkOFtu;j;jp vupAk; tPjk; ngupJk; rPuhdJ fzpg;gpLtJ 

,uz;lhtJ re;ju;g;gj;jpd;NghJ jpzptpypUe;J KjyhtJ re;jug;gj;jpd; jpzptpypUe;J fope;jNghJ                                             

^cjh ( 9.8 − 10.5) tpil rkdhfpaikahy; jfdtPjk; rkkhd ngWkhdj;ijf; nfhz;bUg;gijj; jLg;gjw;fhf 

fzpg;gpLtjw;fhf Nkyjpf FwpaPl;nlhd;iwr; Nru;g;gJ gw;wp rupahd tpsf;fkpd;ik fhuzj;jpdhYk; KOg; 

Gs;spiaAk; ngw Kbahikf;F xU fhuzkhFk;. 

tpdh ,yf;fk; 3

  rJuKfpad; xU gf;fj;jpd; ePsk; (l) : Ntzpau; ,Lf;fp Ez;khdpj; jpUFf; fzpr;rp  
  Jisapd; tp;l;lk; (d)    : mirAk; EZf;Ff; fhl;b Ntzpau; ,Lf;fp

  Jisapd; Mok; (h)    : Ntzpau; ,Lf;fp

      (tpilfs; %d;Wk; rupahapd; 05)
      (VjhtJ ,uz;L tpilfs; rupahapd; 03)
      (xU tpil khj;jpuk; rupahapd; 01)

  

  

fdtsT fhzg;gl Ntz;ba gFjp fdtsTf;fhd Nfhit 

rJuKfpapd; xU gf;fj;jpd; ePsk; l 3

Jisapd; tp;l;lk; π ( d ) 
2

2
h

Jisiar; nra;j gpd;du; rJuKfp  l 3 − π ( d ) 
2

2
h

          (5 × 3 = 15 Gs;spfs;)
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 rjtPj tO = 
,opntz;zpf;if 

thrpg;G
  × 100  =  0.1 mm

4.3 mm   × 100  =  2%  
         (,opntz;zpf;if = 05 Gs;spfs;)
        (rupahd gpujpaPL = 05 Gs;spfs;)
        (100 My; ngUf;Fjy; = 05 Gs;spfs;)
        (,Wjp tpil = 04 + 01 Gs;spfs;)

  
x  =   nghUsp;d jpzpT (05 Gs;spfs;)

  

  

ρ   =  x
v  (05 Gs;spfs;)

  
(1)   ePu; Cw;wpa gpd;du; msit cUisapd; (msTr;rhbapd;) thrpg;igg; ngwy;.

 (2)   nghUis Kw;whf ePupDs;Ns mkpo;j;jpa gpd;du; cUiaspd; thrpg;igg; (msTr;rhbapd;)   

   ngwy;. (10 × 2 = 20 Gs;spfs;)

    Mk; (03 Gs;spfs;)

 rJuKfpapy; 

gs;sq;fSk; JisAk; fhzg;gbd; fdtsTf;fhd mstPLfs; nrk;ikaw;wjhff; fhzg;glyhk;. 

vdpDk; ,lk;ngau;f;fg;gl;l ePupd; fdtsitf; nfhz;L fdtsit nrk;ikahfg; ngwyhk;.  
  (07 Gs;spfs;)

                        my;yJ

   (i) ,y;iy (03 Gs;spfs;)
   (ii) msit cUisapd; rjtPj tO my;yJ gpd;dtO $baJ. (msit cUisapd;   

   ,opT thrpg;ig tpl tO cau;thifahy;)
 
     (fhuzk; gpioahapDk; Mk; / ,y;iy ,w;F 03 Gs;spfs; toq;Ff.)

 

 

ngsjpff; fzpak; Nfhit

nghUspd; epiw> W1  V ρm g (05 Gs;spfs;)

ePupy; NkYijg;G U V ρw g (05 Gs;spfs;)

nghUs; nra;ag;gl;Ls;s jputpaj;jpd; 

njhlu;G mlu;j;jp 
V ρm g
V ρw g

  my;yJ 
ρm 

ρw 
(10 Gs;spfs;)
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(f) gFjpapd; ,yFjd;ik 11% ,yjd;ik Fiwtjd; %yk; njuptJ khztupd; gpuNahf mwpT FiwT 

vd;gjhFk;. gupNrhjidapd; NghJ thrpg;Gf;fis ngWk; Nehf;fk; gw;wpa tpsf;fk; ,d;wp mtw;iw 

ngWfpd;wik njspthfpd;wJ. Mrpupaupd; topfhl;lypd;gb my;yJ topfhl;lg; gbtj;jpYs;s tpguq;fspd; 

gb khj;jpuk; gupNrhjidiar; nra;tJ gadw;wJ. gupNrhjidapd; xt;nthu gbKiw gw;wpAk; mtjhdpg;Gg; 

gw;wpAk; rpwe;j tpsf;fj;Jld; gupNrhjidapy; <Lgl Ntz;Lk;. fw;gpf;Fk; nraw;ghl;bd;NghJ gpuNahf 

gupNrhjidfspy; khztiu topg;gLj;jp mit njhlu;ghd njspthd mwpit khztUf;F ngw;Wj; ju 

Ntz;Lk;. 

(g)(i) gFjpf;fhd ,yFjd;ik 73% ,Ue;j NghjpYk; mjd; fhuzk; Fwpg;gpl Ntz;ba (g)(ii) gFjpapd; 
,yFjd;ik 5% MFk;. ,q;F jug;gl;Ls;s Kiwfs; %yk; jpz;kg; nghUspd; fdtsitf; fz;Lgpbf;f 

KbAk; vd cld;gl;l NghjpYk; cld;ghlhj NghjpYk; mjw;Ff; fhuzq; $w khztu;fshy; KbahJs;sJ.

(h)(i) gFjpapd; ,yFjd;ik 3% MFk;. (h)(ii)" (h)(iii) ,w;fhd ,yFjd;ik 11%, 27% MFk;. Mfpkpbrpd; 

Nfhl;ghl;il mbg;gilahff; nfhz;l Nfhit ,jd; %yk; gupNrhjidf;F cl;gLj;jg;gl;Ls;sd. 

mjd;NghJ nghUspd; vil jug;gl;Ls;s FwpaPLfspd; JizAld; Nfhitiaf; fl;bnaOg;g mNjNghd;W 

ePupd; NkYijg;igAk; nghUs; jahupf;fg;gl;Ls;s gjhu;j;jj;jpd; rhu;glu;j;jpiaAk; Nfhit Mfpatw;iwf; 

fl;bnaOg;g tpz;zg;gjhupfspdhy; Kbahkw; NghAs;sJ. ,jidj; jtpu;g;gjw;fhf Nfhitfs; cUthf;Fk; 

gapw;rpfspy; khztiu <LgLj;j Ntz;Lk;. 

tpdh ,yf;fk; 4

tpdh ,yf;fk; 4

mKf;fj;ijf; fl;Lg;gLj;j  (05 Gs;spfs;)

cw;gj;jp nra;ag;gl;l nfhjpePuhtpia ntspNaw;w

 (05 Gs;spfs;)

ePu; nfhjpepiyia miljy;. (10 Gs;spfs;)
nfhjpepiyia miljy; / nfhjpePuhtp ntg;gj;ij 
cWQ;Rtjw;fhd Gs;spia miljy;

nfhjpfyj;jpw;Fj; njhlu;r;rpahf ntg;gj;ij toq;Fk;NghJ 

ntg;gkhdpapd; thrpg;G gbg;gbahf cau;e;J ,Wjpapy; khwh-

ky; ,Uf;fpd;wJ. ,jw;Fupa fhuzj;ijr; RUf;fkh tpsf;Ff.

  
 (1) ePupd; jpzpT

  (2) ePupd; ntg;gepiy khw;wk;  (5 × 2 = 10 Gs;spfs;)
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 (1) ntw;W fNyhupkhdpapd; jpzpT

  (2) ePu;nfhz;l fNyhupkhdpapd; jpzpT

  (3) ePupd; Muk;g ntg;gepiy

  (4) ePupd; ,Wjp cr;r ntg;gepiy (5 × 4 = 20 Gs;spfs;)

  (1) 100 °C apy; cs;s ePuhtp 100 °C apy; cs;s ePuhf khWk; NghJ ntsptpl;l jd;kiw   

  ntg;gk;

  (2) 100 °C apy; cs;s ePupd; ntg;gepiyahdJ fNyhupkhdpAk; ePUk; mile;j ,Wjp cr;r   

  ntg;gepiyf;F FiwAk; NghJ ntsptplg;gl;l ntg;gk;    (5 × 2 = 10 Gs;spfs;)

  
 (1) ePu; nfhz;l fNyhupkhdpapd; jpzpT

  (2) ePuhtp Nru;j;j gpd;du; ePu;nfhz;l fNyhupkhdpapd; jpzpT      
   (5 × 2 = 10 Gs;spfs;)

  
 ePupd; ,Wjp cau; ntg;gepiy  (05Gs;spfs;)

  
 nfhjpePuhtp ,oe;j ntg;gk;  + nfhjpePu; ,oe;j ntg;gk; = fNyhupkhdp +  ePu; ngw;w ntg;gk;    
   (15 Gs;spfs;)

  ePuhtp ,oe;jntg;gk; = fNyhupkhdAk; ePUk; ngw;w ntg;gk;   (10 Gs;spfs;)

  

      my;yJ          my;yJ        

     
   (ahNjDk; rupahd tupg;glj;Jf;F 05 Gs;spfs;)

 nfhjpfyj;jpdhy; ngwg;gLk; ntg;gk; %yk; fNyhupkhdpapdpYs;s ePupd; ntg;gepiy caUjy;.      
   (05 Gs;spfs;)
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(b)(iii)  gFjpf;F kpff; Fiwthd ,yFjd;ikiag; ngw;wjd; %yk; njuptJ ghl tplaq;fis ed;F 

tpsq;fpf; nfhs;shikahFk;. (b)(v) gFjpaYk; ,jidf; fhzyhk;. ,j;jifa ghlg;gFjpfspy; rhjhuz ju 

mwptpy; jq;fpapuhJ mbg;gilf; Nfhl;ghLfs; ed;F tpsf;f Ntz;Lk;.

 

(c)(i) 15% ,yFjd;ik fhl;lg;gLk; mNjrkak; (c)(ii) ,d; ,yFjd;ik 8% MFk;. ntspahd ntg;gk;>ngw;w 

ntg;gj;jpw;F rkdhFk; mbg;gil  vz;zf;fU gw;wp tpsf;fkpd;ik Nkw;gb $w;WfSf;F ntw;wpfukhf 

tpilaspf;fhikf;Ff; fhuzkhfp cs;sJ. ,q;F nfhjpePuhtp nghwp gw;wpa mbg;gil vz;zf;fUit 

mtu;fs; tpsq;fpf; nfhs;stpy;iy vd;gJ njspT. gpuNahf gupNrhjid elhj;Jjy; eilngWkhapd; 

gupNrhjid njhlu;ghf fpilf;Fk; gpur;rpidf;F ntw;wpfukhf tpilaspf;f KbahJs;sikiaf; fhz 

Kbfpd;wJ.   

gFjp B - fl;Liu
tpdh ,yf;fk; 5

 
 jug;gl;l Gs;spfspd; VWtupir gpd;tUkhW

 15, 20, 20, 20, 25, 25, 30, 30, 35, 40, 45, 50, 55, 55, 60, 65, 70, 75, 80, 80 

 (a) Kjyhk; fhyizapd; jhdk; 
1
4 (20 + 1) = 5 + 

1
4 ' (05 Gs;spfs;)

  MfNt Kjyhk; fhyiz   Q1,  25 + 
1
4 (25 − 25) = 25' (05 Gs;spfs;)

  ,uz;lhk; fhyizapd; jhdk; 
1
2 (20 + 1) = 10 + 

1
2 ' (05 Gs;spfs;)

  MfNt ,uz;lhk; fhyiz Q2,  40 + 
1
2 (45 − 40) = 42.5' (05 Gs;spfs;)

  %d;whk; fhyizapd; jhdk; 
3
4 (20 + 1) = 15 + 

3
4  ' (05 Gs;spfs;)

  MfNt %d;whk; fhyiz Q3,  60 + 
3
4 (65 − 60) = 63.75' (05 Gs;spfs;) 

    (gFjp a nkhj;jk; = 30 Gs;spfs;)

 (b) fhyiz ,il tPr;R Q3 − Q1 =  63.75 − 25 = 38.75' 
    (fzpjg; gpujpaply; 05 Gs;spfs;)
    (tpilf;F 05 Gs;spfs;)
    (gFjp b nkhj;jk; = 10 Gs;spfs;)
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 (c) ,il   =  45 + ( − 5) 20   = 44.75 (fzpj;jYf;F 10 Gs;spfs;)
    (tpilf;F 10 Gs;spfs;)
   my;yJ 

  Σ
20
i=1 (xi − 45) = Σ

20
i=1 xi − (45 × 20) 

  Σ
20
i=1 xi = (45 × 20) − 5  

  
Σ

20
i=1

20

xi  = 45 − 5
20   =  44.75 

,e;j Kiwapyhd fzpj;jYf;F khj;jpuk; Gs;sp toq;Ff. NtW Kiwfspy; ,il fzpf;fg;gl;L 

gFjp d, e gFjpfspy; gpujpaplg;gl;L rupahf fzpj;jy;fs; Nkw;nfhs;sg;gl;bUg;gpd; KOikahd 

Gs;spfis toq;Ff. 
      (gFjp c nkhj;jk; = 20 Gs;spfs;) 

 (d) (i) Σ
20
i=1

20

(xi + 5)
 = 

Σ
20
i=1

20

xi  + 5  (,lg;gf;f rkd;ghl;Lf;F 05 Gs;spfs;)
      (tyg;gf;f rkd;ghl;Lf;F 05  Gs;spfs;)
    = 44.75 + 5 (05 Gs;spfs;)

    = 49.75 (05 Gs;spfs;)

   my;yJ   {44.75 + 20 × 5 
20

  = 49.75} (20 Gs;spfs;)
   

  (ii) Σ
20
i=1

20

(1 + 0.1)
 = 1.1 

Σ
20
i=1

20

xi    ,lg;gf;f rkd;ghl;Lf;F 05 Gs;spfs;)
      (tyg;gf;f rkd;ghl;Lf;F 05  Gs;spfs;)
    = 1.1 × 44.75 (05 Gs;spfs;)

    = 49.225 (05 Gs;spfs;)

   my;yJ   {44.75 + 895 × 0.1 
20

   =  49.225} (20 Gs;spfs;)

      (gFjp d nkhj;jk; = 40 Gs;spfs;)

 (e) (d) (i) ,y; Q1  =  (25 + 5) + 14 (25 + 5 − (25 + 5)) (05 Gs;spfs;)

    =  30    (05 Gs;spfs;)

                Q3 =  (60 + 5) + 34 (65 + 5 − (65 + 5)) (05 Gs;spfs;)

    =  65 + 34  × 5  = 68.75 (05 Gs;spfs;)

  fhyiz ,il tPr;R  Q3 − Q1

              Q3 − Q1 = 68.75 − 30

    = 38.75   (05 Gs;spfs;)
  my;yJ

  ,e;jg;gFjpapy; xt;nthU gFjpf;Fk; 05 Gs;spfs; tPjk; Nru;j;J VWtupirg;gLj;jp ,Wjpg;Gs;spia  
  Kd;ndLf;f.
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   (ii) ,y; Q1 =  25 × 1.1 + 14 (25 × 1.1 − 25 × 1.1) (05 Gs;spfs;)

     =  27.5  (05 Gs;spfs;)

    Q3 =  (60 × 1.1 + 34 (65 × 1.1 − 65 × 1.1 (05 Gs;spfs;)

     =  66 + 4.125  

     = 70.125  (05 Gs;spfs;)

  fhuiz ,il  Q3 − Q1    =    70.125 − 27.5

           =    42.625 (05 Gs;spfs;)
 my;yJ

 ,g;gFjpapd; ,Wjpg; gFjpf;F 10% mjpfupj;J Gs;spfis ,wq;Ftupirapy; jahupj;J njhlu;e;J   

 Kd;ndLf;f KbAk;.

      (gFjp e nkhj;jk; = 50 Gs;spfs;)

5 Mk; tpdhtpw;F tpilaspj;Js;sik njhlu;ghd mtjhdpg;GfSk; KbTfSk; MNyhridfSk;

Ie;jhk; tpidit 62% Mdtu;fNs njupTnra;Js;sdu;.  

,t;tpdhtpw;fhd nkhj;jg; Gs;spfs; 150 MFk;.

0 - 37  Gs;sp Mapilapy; 82%
38 - 75  Gs;sp Mapilapy; 14% 
76- 113 Gs;sp Mapilapy; 3%
114 - 150 Gs;sp; Mapilapy; 1% 

Mdtu;fs; Gs;spfisg; ngw;Ws;sdu;.

,t;tpdhTf;F 114 Gs;spfistpl mjpfkhfg; ngw;wtu;fs; 

1% Mdtu;fs; Mtu;. 82% Mdtu;fs; 37 ,w;Ff; Fiwthd 

Gs;spfisNa ngw;Ws;sdu;.

 tpdhtpw;Fg; Gs;spfs; ngw;w tpjk;

114 - 150

1%

00 - 37

82%

38 - 75

14%

76 - 113

3%

,t;tpdhtpw;F 6 cggFjpfs; cs;sd. 

mtw;wpd 2 cggFjpfs; 40%,Yk; mjpfkhFk;. 

,t;tpdhtpd; kpfTk; rpukkhd cggFjp (c) 
MFk;. kpfTk; ,yFthd cggFjp (a) MtNjhL 

mjd; ,yFjd;ik 52% MFk;. 4 gFjpfspd; 
,yFjd;ik 10% my;yJ mjw;Ff; Fiwthf 

,Uj;jy; ,t;tpdhtpy; fhzg;gLk; tpNrl 

epiynahd;whFk;.

tpdhtpd; cggFjpfSf;fhd ,yFj;jd;ik

,
y
F
j
d
;i
k

6%

1%

10%

0%

47%

52%

0

10

20

30

40

50

60

70

80

90

100

* (i) (ii)

(a) (b) (c) (d) (e)

5

 5 Mk; tpdhtpd; cggFjpfs;
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gFjp B ,Ys;s fzpj tpdhf;fs; ,uz;bYk; 5 Mk; tpdhtpid mjpfkhNdhu; njupe;njLj;Js;sdu;. 

,t;tpdhtpid nkhj;jkhf 62% ,du; njupT nra;Js;s NghjpYk; mjd; ,yFjd;ik 28% MFk;. 

(a), (b) Mfpa gFjpfSf;F tpilnaOJk; ,yFjd;ik 52% ck; 47% ck; MFk;. 

MapDk; gFjp (c) ,d; ,yFjd;ik 0% Mtjd; %yk; njspthtJ Cf ,il A ,idg; gad;gLj;jp 

 vd;Dk; #j;jpuj;ijg; (,q;F di = xi − A MFk;. ) gpuNahfpj;J juTfspd; guk;gnyhd;wpd; ,iliaf; 
fzpj;jy; njhlu;ghd mwptpid khztu;fs; ngw;Wf;nfhs;stpy;iy vd;gjhFk;. 

gFjp (d) ,w;F tpilaspg;gjw;F   kw;Wk;  (,q;F c khwpypahFk;.)  d(i) kw;Wk; 
(ii) Mfpatw;wpd; ,yFjd;ikfs; KiwNa 10% MfTk; 1%  MfTk; cs;sjhy; njspthtJ ,t;twpT 

khztu;fsplk; ,y;iy vd;gjhFk;. (d)(i) ,d; ,yFjd;ik 10% MfTk; (d)(ii),d; ,yFjd;ik 1%  MfTk; 

,Ug;gjd; %yk; njspthtJ 10% ,dhy; Gs;spfisg; ngUf;FtJ khztu;fs; fbdj;ij vjpu;Nehf;fpAs;sdu; 

vd;gjhFk;.  

gFjp (e) ,w;F tpilaspg;gjw;F (c), (d) Mfpa gFjpfspd; tpilfs; mtrpakd;W.  (a), (b) Mfpa gFjpfSf;F 

tpilnaOJk;NghJ toq;fg;gLk; Gs;spfis VWtupir xOq;fpy; xOq;FgLj;jpf; nfhs;s  Ntz;Lk;. ,t; 

VWtupir xOq;Ffs; (d)(i), (d)(ii) gFjpfSf;Nfw;g Gs;spfis khw;Wk;NghJ khwhJ vd;gij mwpe;Jnfhs;tjd; 

%yk; gFjp (e) ,w;F ,yFthf tpilaspf;f KbAk;. Njitg;gLtJ gFjp (b) ,w;F tpilaspg;gjw;Fg; 
gad;gLj;jpa mwpT kl;LNkahFk;. MapDk; gFjp (c) ,d; ,yFjd;ik 6% kl;by; Fiwe;J fhzg;gLtjd; 

%yk; njspthtJ khztu;fspd; fzpj uPjpahfr; rpe;jpf;Fk; Mw;wypd; gytPdKk; 10% ,dhy; Gs;spfis 

ngUf;Ftjpy; rupahd tpsf;fj;ijg; ngWtjpy; cs;s fbdj;jd;ikAkhFk;. 

tpdh ,yf;fk; 6

 (a) %ba Nfhsj;jhq;fpapd; fdtsT  =   43 × π × 33  = 36 π m3   
  my;yJ 113.04 / 113.14 m3   rkd;ghl;Lf;F 05 Gs;spfs;)
    gpujpaplYf;F 05 Gs;spfs;)
    rkd;ghbd;wp gpujpaplg;gl;bUg;gpd; rkd;ghl;Lf;fhd Gs;spfis toq;Ff.

    (rupahd tpil + myF 09 + 01 Gs;spfs;) 

  %ba nrt;tl;l cUisj;jhq;fpapd; fdtsT  =   π × 32 × 4  = 36 π m3   
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  my;yJ

  113.04 m3 / 113.14 m3   rkd;ghl;Lf;F 05 Gs;spfs;)
    gpujpaplYf;F 05 Gs;spfs;)
    rkd;ghbd;wp gpujpaplg;gl;bUg;gpd; rkd;ghl;Lf;fhd Gs;spfis toq;Ff.

    (rupahd tpil + myF 09 + 01 Gs;spfs;)
 
  khw;Wtpil : 

   
4
3 × π × 33 = π × 32 × 4 (20 Gs;spfs;)

       36 π m3 = 36 π m3                  
my;yJ

 

   113.04 m3 / 113.14 m3 = 113.04 m3 / 113.14 m3 (10 Gs;spfs;)

      (gFjp (a) nkhj;jk; = 40 Gs;spfs;)

 (b) %ba Nfhsj;jhq;fpapd; cw;gj;jpr; nryT = re' 20000 × 4 π × 32 
        &. 20000 vdf; Fwpg;gplYf;F ^10 Gs;spfs;&
                          (4 π × 32) vd;w rkd;ghl;il cgNahfpj;jYf;F ^05 Gs;spfs;&
        gpujpaplYf;F ^05 Gs;spfs;&
      rkd;ghL ,y;yhtpbDk; gpujpaply; ,Ue;jhy; Gs;sp toq;Ff. 

      = &. 720000 π    my;yJ  

   π = 22
7    = &. 2262857    my;yJ

   π = 3.14    = &. 2260800 ^04 + 01 Gs;spfs;&

  %ba nrt;tl;l cUisj; jhq;fpapd; cw;gj;jpr; nryT  

      = &. 15000 × (2 π × 32 + 2 π × 3 × 4)
        &. 15000 ,w;F ^10 Gs;spfs;&
        (2 π × 32 + 2 π × 3 × 4) ,w;F ^05 Gs;spfs;&
        gpujpaplYf;F ^05 Gs;spfs;&
      rkd;ghL ,y;yhtpbDk; gpujpaply; ,Ue;jhy; Gs;sp toq;Ff. 

      = &. 630000 π   my;yJ

   π = 22
7   vDk; NghJ  = &. 1980000   my;yJ

   π = 3.14  vDk; NghJ  = &. 1978200 ^04 + 01 Gs;spfs;&

        (gFjp b nkhj;jk; = 50 Gs;spfs;&

 (c) (i) Kf;Nfhzj;jpd; gug;gsitf; fzpj;jy; ^ 12 a × b sin cIg; gad;gLj;jp& 

   s = 1
2 × 7 × 7 × √3

2    =    49√3
4  m2    =  21.0  tiu  21.5 m2

        rkd;ghl;Lf;F ^10 Gs;spfs;&
        gpujpaplYf;F ^10 Gs;spfs;)
      rupahd tpilf;Fk; myFf;Fk; ^09 + 01 Gs;spfs;&
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   kw;WKiw :

   igjfurpd; Njw;wj;ijg; gad;gLj;jp my;yJ NtW tpjkhf Kf;Nfhzpapd; epiyf;Fj;J   

   cauj;;ijf; fzpg;gjw;F

      ^10 Gs;spfs;&
      mjpypUe;J Kf;Nfhzpapd; gug;gsitf; fzpg;gjw;F ^05 Gs;spfs;&
        gpujpaplYf;F ^05 Gs;spfs;)
      rupahd tpilf;Fk; myFf;Fk;  ^09 + 01 Gs;spfs;&

  (ii) =  49√3
4  − 3 × 12 × 32 × ( π )  3    =    49√3

4  − 9π
3    =   14 (49√3 − 18π) m2    =   14 − 14.2 m2

      Miur;rpiwapd; gug;gsitf; fzpj;jy; / tpil ^05 Gs;spfs;&
        gpujpaplYf;F ^10 Gs;spfs;)
  Kf;Nfhzpapd; gug;gpypUe;J Miur;rpiwapd; gug;gsitf; fopj;J epow;wg;gl;l gFjpapd;   

  gug;gsitf; fhzy;  ^10 Gs;spfs;)
      rupahd tpilf;Fk; myFf;Fk; ^09 + 01 Gs;spfs;&

      (gFjp c nkhj;jk; = 60 Gs;spfs;)

6 Mk; tpdhtpw;F tpilaspj;Js;sik njhlu;ghd mtjhdpg;GfSk; KbTfSk; MNyhridfSk;

Mwhk; tpidit 56% Mdtu;fNs njupTnra;Js;sdu;.  

,t;tpdhtpw;fhd nkhj;jg; Gs;spfs; 150 MFk;.

0 - 37  Gs;sp Mapilapy; 36%
38 - 75  Gs;sp Mapilapy; 29% 
76- 113 Gs;sp Mapilapy; 22%
114 - 150 Gs;sp; Mapilapy; 13% 

Mdtu;fs; Gs;spfisg; ngw;Ws;sdu;.

,t;tpdhTf;F 114 Gs;spfistpl mjpfkhfg; ngw;wtu;fs; 

13% Mdtu;fs; Mtu;. 36% Mdtu;fs; 37 ,w;Ff; 
Fiwthd Gs;spfisNa ngw;Ws;sdu;.

  tpdhtpw;Fg; Gs;spfs; ngw;w tpjk;

114 - 150

13%

00 - 37

36%

38 - 75

29%

76 - 113

22%

,t;tpdhtpw;F 4 cggFjpfs; cs;sd. mtw;wpy; 

3 cggFjpfspd; ,yFjd;ik 40%,Yk; $baJ.  

,t;tpdhtpd; rpukkhd cggFjp (c)(ii) MFk;. 

kpfTk; ,yFthd cggFjp (a) MtNjhL mjd; 

,yFjd;ik 63% MFk;.

m
y
i
q;
dj

  

37%

49%50%

63%
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(a) (b) (c)

66 Mk; tpdhtpd; gFjpfSk; cggFjpfSk;

tpdhtpd; gFjpfSf;Fk; cggFjpfSf;Fkhd

,yFj;jd;ik
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gFjp C - fl;Liu
tpdh ,yf;fk; 7

 (a) (i) fl;Gy kw;Wk; Cjh fle;j (UV) fjpu;g;Gf;fs; GtpNkw;gug;G kPJ te;jilfpd;wd. Gtp 
Nkw;gug;G mtw;iw cWQ;rpf;nfhs;fpd;wd. 

   mit cWQ;rg;gl;l gpd;du; nre;epf;fPo;f; (Infra - Red) fjpu;g;Gfshff; fhyyhf;fg;gLfpd;wd. 
   gr;ir tPl;L tpisT vd;gJ> tspkz;lsj;jpYs;s thAf;fshy; nre;epwf;fPo;f; fjpu;g;Gf;fs; 

mfj;JWQ;rpf;nfhs;sg;gLtjhy; Gtp ntg;gkhFfpd;w Njhw;wg;glhlhFk;

     (5 × 4 = 20 Gs;spfs;)

  (ii) fhgdPnuhl;irl;L (CO2)" nkNjd; (CH4)" ieju]; xl;irl;L (N2O) kw;Wk; IjNuf;fhgd;fs; 
(CFC, HFC, HCFC)'

   (NkYs;stw;Ws; ,uz;L thAf;fSld; Nkyjpfkhf gpd;tUk; thAf;fSs; ,uz;ilf; 

Fwpg;gpl;lhy; mtw;Wf;Fk; Gs;sp toq;Ff.  NO, NO2, SO2, CO, O3)
     (4 × 4 = 16 Gs;spfs;)

  (iii) CO2 - capu;r;Rtl;L vupnghUs; vupjy; / fhlopj;jy; / capu;jpzpTj; jfdk;   

  / capu;jpapT moptiljy;.  
 

   CH4 - <uepyq;fs; rhu;e;j tptrhak; / tpyq;Fg;gz;iz tsu;g;G /   
  capu;r;Rtl;L vupnghUs; mfo;T / jpz;kfopT ntspNaw;wk;

   N2O  - kpjkpQ;rpa iejurd; grisfspd; ghtid

 
   IjNuhf;fhgd; - Fspu;gjdkhf;fpfs; kw;Wk; Fsp&l;bfs; Nghd;wtw;wpy; Fspu;j;jp   

  thAf;fshfg; gad;gLj;jg;gLfpd;wd. jPaizg;G thAf;fshfg;   

  gad;gLj;jg;gLfpd;d. Gifa+l;ly; ^fumigation& 

   NO,  NO2 - Nkhl;lhu; thfdq;fspd; vQ;rpd;fspy; eilngWk; mfj;jfdk;

   SO2  - capu;r;Rtl;L vupnghUs; jfdk;.   
        (5 × 4 = 20 Gs;spfs;)
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  (iv) gr;irtPl;L thAf;fspd; mjpfsT Nru;f;ifapdhy; kpifahd gr;ir tPl;L thAf;fs; 

   mit nre;epwf; fPo;f;fjpu;g;Gf;fis (IR -  Radiation) cwpQ;rpf;nfhs;tjd; tpisthf 

(Njf;fpitg;gjdhy;) g+Nfhs ntg;gepiy mjpfupf;fpd;wd. 

        (10 Gs;spfs;)

  (v) fly;kl;lk; cau;jy; $ JUtg; gpuNjrq;fspy; kw;Wk; kiyfspYs;s gdpg;glyq;fis 

cUFjy; $ fhyepiy khw;wk; $ ,dq;fspd; mopT $gutf; $ba Neha;fs; mjpfupj;jy; $ 
   Mf;fpukpf;Fk; my;yJ Mgj;J tpistpf;Fk; gPilfspd; guty; $ $ba ntg;g miyfs; 

^heat waves&   
        (2 × 5 = 10 Gs;spfs;)
        (gFjp a nkhj;jk;  = 76 Gs;spfs;)

 (b) (i) xl;rprd; Nfs;tpia (BOD) mjpfupf;Fk; gjhu;j;jq;fs; $ er;R thAf;fs; $ mkpyq;fs; $ 
fhuq;fs; (%yq;fs;) $ er;Rs;s Nrjdr; Nru;itfs; $ ghu cNyhfq;fs; $ gPilehrpdpfs; $ 
ctu;j;jd;ik $ rha tiffs; $ mOf;ffw;wpfs; $ ePu;j;njhw;WePf;fw; khrhf;fpfs;

        (2 × 5 = 10 Gs;spfs;)
   (khriljy; Vw;gLj;Jk; fhuzpfSf;F Gs;sp toq;Ff. ngauplg;gl;l khrhf;fpfSf;F 01 Gs;sp 

tPjk; toq;Ff.)

  (ii) ePupYs;s Nrjdg;gjhu;j;jq;fs;> gw;wPupahf;fshy; Ez;zq;fpfshy; tpiuthd Ez;zq;fpg; 

gupj;jopiff;F cl;gLj;jg;gLtjhy; me;ePupy; fiue;Js;s xl;rprdpd; Nfs;tpahFk;. 

   my;yJ

   ePupy; gw;wPupahf;fspdhy; (Ez;zq;fpfspdhy;) Nrjdg;gjhu;j;jq;fspd; gpupe;jopifapdhy; 

me;ePupy; fiue;Js;s xl;rprd; Njitahd msthFk;.  

        (5 × 4 = 20 Gs;spfs;)

  (iii) gw;wPupahf;fspd; tsu;r;rpf;Fupa rpwg;ghd epge;jidfis toq;Ftjhy; mtw;wpdhy; ePupYs;s 

Nrjdg;gjhu;j;jq;fis tpiuthd gpupe;jopiff;F cl;gLj;Jtjhy;.  
        (5 × 4 = 20 Gs;spfs;)

  (iv) ePupYs;s Neha;tpistpf;ff; $ba ^pathogenic& Ez;zq;fpfs; mopj;jy;.   

   my;yJ

   ePupYs;s vy;yh capUs;s mq;fpfisAk; mopj;jy;. 
        ( 09 Gs;spfs;)

  (v) FNshupNdw;wk; $ XNrhNdw;wk; $ fopa+jhf; fjpu;g;GfSf;F cl;gLj;jy; $
   (ePiuf; nfhjpf;f tij;jy;.) (5 × 3 = 15 Gs;spfs;)
        (gFjp b nkhj;jk; = 4 Gs;spfs;)
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(a) (i) Foha; ^1&" Foha; ^2&" Foha; ^3&" Foha; ^4&  (5 × 2 = 10 Gs;spfs;)

   Foha; ^4& kpfTk; nghUj;jkhdJ. ( 05 Gs;spfs;)
   Foha; (2) tpilahff; nfhLf;fg;gl;bUg;gpd; Gs;spapy;iy.

   fhuzk; : A ck; B ck; jhf;fkiltij mjpfup mjpfupg;gij Kd;ndLg;gjw;fhd VjhtJ 

xU fhuzk; Vw;Wf;nfhs;f/.

   * $ba vz;zpf;ifahd thA B ,dJ rpwpa tspf;Fkpopfs; jhf;f Clfj;jpw;F   

 tpLtpf;fg;gLk;.   
* jhf;f Clfj;jpy; B apid Njf;fp itj;jpUf;Fk; Neuk; mjpfk; 

   * thA B tspf;FkpopfSf;F tpidj;jpwdhf ntg;gk; gupkhw;wg;gLk;. 
   * jhf;fpfs; A apdJk; B apdJk; jhf;Ffpd;w tha;g;Gf;fs; $l;lg;gLK;.    
     (VjhtJ fhuzk; 10 Gs;spfs;)

  (ii) thA B ck; C ck; (5 × 2 = 10 Gs;spfs;)
 
  (iii) S1 

   S1 ,y; ntg;gkhdp jhf;f Clfj;jpDs; Neubahfj; njhlu;GgLfpd;wJ..jputkl;lj;jpw;F fPNo 

ntg;gf; fzpr;rp ,Ug;gjdhy;. (05 Gs;spfs;)

 
  (iv) jhf;fj;jpd;NghJ jhf;f ClfkhdJ jhf;f miwapypUe;J Gwj;Nj Foha; ^2& ,D}L 

ntspNawyhk;. 

   my;yJ jhf;f Clfj;jpypUe;J Gydpiyak; S2 ,d; miktplk; %lg;glyhk;. (mKf;ff; 

fzpr;rpapd; miktplk;)  
  (VjhtnjhU fhzuk; 05 Gs;spfs;)

     (gFjp a nkhj;jk; = 50 Gs;spfs;)

 (b) (i) ,af;ftpay; tyak; : n`f;Nrd; kw;Wk; ,UFNshNuhnkNjd; 
   epiyapay; tyak;  : mYkpdh ^Al2O3& my;yJ rpypf;fh ^SiO2& $ rpypf;fh n[y;.  

  (10 × 2 = 20 Gs;spfs;)

  (ii) fiug;ghd; miw KOtJk; fiug;ghd; fyit Mtpapadhy; (,aq;Ftyak;) 

epuk;gyiltjw;F  (10 Gs;spfs;)
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  (iii) ngd;rpyhy; tiuag;gl Ntz;Lk;. $ epiyahd mtj;ijapid Fog;ghky; $ 
   ghjpf;fhtz;zk; tiuag;gl Ntz;Lk;. $ fpilahf tiuag;gl Ntz;Lk;.$ Nru;itfs; 

epiyf;Fj;Jauj;jpy; $bastpy; nry;y Ntz;Lk;. 

   ^1 cm - 1.5 cm J}u ,ilntspfspy; mbf;NfhbypUe;J tiuag;gl Ntz;Lk;&
       (5 × 2 = 10 Gs;spfs;)

  (iv) kapu;j;Jisf;Foha; (10 Gs;spfs;)

  (v) J}a;ikaw;wJ. (10 Gs;spfs;)
     
  (vi) 1. gspq;fhf;fYf;Fg; nghUj;jkhd fiug;ghd; njupTnra;ag;gl Ntz;Lk;.

   2. ,optsTf; fiug;ghd; (Fiwe;jsTf; fiug;ghd;) Nru;f;fg;gl Ntz;Lk;.mj;NjhL   

 gspq;Ffs; ntg;gg;gLj;jg;gl;Lf; nfhz;bUf;Fk;NghNj fiuf;fg;gl Ntz;Lk;. 

   3. fiury; tbfl;lg;gly; Ntz;Lk;. 
   4. tbjputk; Fspuhf;fg;gLtNjhL gspq;fhf;fg;gl mDkjpf;fg;gLk;.

   5. gspq;Ffs; Gf;Fdu; Gdy; tbj;njLf;fYf;F cl;gLj;jg;gl;L gpd;du; cyu;j;jpf;   

 nfhs;sg;gLk;. cwpQ;rptbfl;ly;. 

     (5 × 5 = 25 Gs;spfs;)
     
  (vii) Jiz mDNrg tpisnghUl;fs; jdpj;Jtkhdit kw;Wk; Fiwe;jstpy; 

tiuaWf;fg;gl;Ls;sd. 

   ,tw;iwg; gpupj;njLg;G nra;tJ fbdk;

   Nfs;tp $baJ.   
  (15 × 1 = 15 Gs;spfs;)

        (gFjp b nkhj;jk; = 50 Gs;spfs;)

8 Mk; tpdhtpw;F tpilaspj;Js;sik njhlu;ghd mtjhdpg;GfSk; KbTfSk; MNyhridfSk;

vl;lhk;  tpdhit 90% Mdtu;fNs Nju;e;njLj;Js;sdu;.  

vdpDk; nkhj;j ,yFjd;ik 42% MFk;. ,uz;lhk; 

tpdhj;jhspd; 6 tpdhf;fSs; Fiwe;j tPjj;jpdu; njupT 

nra;j tpdh ,t;tpdhthFk;. ,jw;fhd nkhj;jg; Gs;sp 

150 MFk;.

0 - 37  Gs;sp Mapilapy; 68%
38 - 75  Gs;sp Mapilapy; 25% 
76- 113 Gs;sp Mapilapy; 5%
114 - 150 Gs;sp; Mapilapy; 2% 

Mdtu;fs; Gs;spfisg; ngw;Ws;sdu;.

,t;tpdhTf;F 114 Gs;spfistpl mjpfkhfg; ngw;wtu;fs; 

2% Mdtu;fs; Mtu;. 68% Mdtu;fs; 37 ,w;Ff; 
Fiwthd Gs;spfisNa ngw;Ws;sdu;.

  tpdhtpw;Fg; Gs;spfs; ngw;w tpjk;

114 - 150

2%

00 - 37

68%

38 - 75

25%

76 - 113

5%
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gFjp D - fl;Liu
tpdh ,yf;fk; 9

 (a) (i) 2 m3 × 103 kg m−3  =  2000 kg   
        (gpujpaplYf;F 5  Gs;spfs;)
        rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&
 
     
  (ii) 20000 + 17500  + 500  =  38000 N   
        (gpujpaplYf;F 10  Gs;spfs;)
        rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&
  
     

  (iii) 
38000

4 + 15000

625 × 10−4 
   =  39.2 × 104 N m−2 (Pa)    

 
        (gFjp vz; = 10 Gs;spfs;)
        (tpFjp vz; = 10 Gs;spfs;)
        rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&

  (iv) J}zpd; mbapd; gug;gsit mjpfupj;jy;.  (15 Gs;spfs;)
        (gFjp a nkhj;jk; = 55 Gs;spfs;)
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 (b) (i) xU epkplj;jpy; cau;j;jg;gLk; ePupd; fdtsT  =  60 l 
   xU nrf;fdpy; cau;j;jg;gLk; ePupd; fdtsT =  1 l   (05 Gs;spfs;)
   xU nrf;fdpy; cau;j;jg;gLk; ePupd; jpzpT  =  103 × 10−3  =  1 kg   
        (gpujpaplYf;F 5  Gs;spfs;)
      rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&

  (ii) mOj;jr; rf;jp   = m g h     (05 Gs;spfs;)

   g+r;rpa mOj;j kl;lj;jpypUe;J jhq;fpf;fhd cauk;  =  30 m + 10 m = 40 m    
         (05 Gs;spfs;)
   ePu; ngw;Wf;nfhz;l mOj;jr; rf;jp   = 1 × 10 × 40  = 400 J     

     (gpujpaplYf;F 5  Gs;spfs;)
       rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&

  (iii) ,af;f rf;jp  =   12 m v 2       (05 Gs;spfs;)

   mOj;jr; rf;jp  =   12 × 1 × 4  = 2 J        
     (gpujpaplYf;F 5  Gs;spfs;)

        rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&

 
  (iv) mOj;j rf;jp + ,af;f rf;jp  = gk;gpapd; gag;G tY (05 Gs;spfs;)

   gk;gpapd; gag;G tY           =   402 J s−1 (W)     
       rupahd tpilf;Fk; myFf;Fk; ^09 + 01 Gs;spfs;&
  
   gk;gpapd; jpwd;   =   402

1000  × 100 = 40.2%  
     
    (gpujpaplYf;F 15  Gs;spfs;)

       rupahd tpilf;Fk; myFf;Fk; ^09 + 01 Gs;spfs;&
     (gFjp b nkhj;jk; = 95 Gs;spfs;)

9 Mk; tpdhtpw;F tpilaspj;Js;sik njhlu;ghd mtjhdpg;GfSk; KbTfSk; MNyhridfSk;

xd;gjhk; tpdhitj; njupTnra;Js;Nshu; 48% MFk;. 

tpdhtpw;fhd Gs;spfs; 150 MFk;.

0 - 37  Gs;sp Mapilapy; 76%
38 - 75  Gs;sp Mapilapy; 18% 
76- 113 Gs;sp Mapilapy; 5%
114 - 150 Gs;sp; Mapilapy; 1% 

Mdtu;fs; Gs;spfisg; ngw;Ws;sdu;.

,t;tpdhTf;F 114 Gs;spfistpl mjpfkhfg; ngw;wtu;fs; 

1% Mdtu;fs; Mtu;. 76% Mdtu;fs; 37 ,w;Ff; Fi-

wthd Gs;spfisNa ngw;Ws;sdu;. 

   tpdhtpw;Fg; Gs;spfs; ngw;w tpjk;

114 - 150

1%

00 - 37

76%

38 - 75

18%

76 - 113

5%
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 (a) (i) P  =  VI     (05 Gs;spfs;)

  (ii) P  =  I2 R    (05 Gs;spfs;)
     (gFjp a nkhj;jk; = 10 Gs;spfs;)

 (b) (i) 1000 = 240 I1

       I1 = 4.17 A   (4.1 - 4.2 ,ilapy;) 
       rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&
   1000 = 120 I2  
    I2 = 8.33 A   (8.3 - 4.4) 
       rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&
  

  (ii) 120 V Rw;W  (05 Gs;spfs;)

   ntg;gk; gpwg;gf;fg;gLk; tPjk;  P = I 2 R vdNt mjpf kpd;Ndhl;lk; nry;Yk; Rw;wpy; mjpf 

ntg;gk; gpwg;gpf;fg;gLk;. (05 Gs;spfs;)
  
  (iii) mjpf kpd;Ndhl;lk; nry;Yk; Rw;wpy; Fiwe;j jil cila fk;gpia gad;gLj;jy; $
   cau; FWf;F ntl;Lg; gug;G cila fk;gpia gad;gLj;jy;. $ ePsk; Fiwe;j fk;gpiag; 

gad;gLj;jy;.   
       vitNaDk; rupahd tpilf;F 10 Gs;spfs;&
     (gFjp b nkhj;jk; = 30 Gs;spfs;)

 (c) (i) RCu  =  ρ l
A  =  1.7 × 10−8 × 1000 

8 × 10−6   =  2.125 Ω  

   ,uz;L fk;gpfs; gad;gLj;jpapUg;gpd;   =  4.25 Ω   
    

       vitNaDk; rupahd tpilf;F 10 Gs;spfs;&
     (gFjp b nkhj;jk; = 30 Gs;spfs;)
       (gpujpaplYf;F 5  Gs;spfs;)
       rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&

   RAl  =  ρ l
A  =  2.5 × 10−8 × 1000 

8 × 10−6   =  3.125 Ω  

   ,uz;L fk;gpfs; gad;gLj;jpapUg;gpd;  =  6.25 Ω   
   (gpujpaplYf;F 5  Gs;spfs;)

       rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&

   mCu  =  8900 × 103 × 8 × 10−6 =  71.2 kg   

   ,uz;L fk;gpfs; gad;gLj;jpapUg;gpd;  =  142.4 kg   
   (gpujpaplYf;F 5  Gs;spfs;)

       rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&
   mAl  =  2800 × 103 × 8 × 10−6 =  22.4 kg   

   ,uz;L fk;gpfs; gad;gLj;jpapUg;gpd;   =  44.8 kg   
   (gpujpaplYf;F 5  Gs;spfs;)

      rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&
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  (ii) 
mD$yk; gpujp$yk;

Cu 
jil FiwT $ 
ntg;gkhFjy; FiwT $
rf;jp tpuak; FiwT

jpzpT mjpfk; $ 
tpiy mjpfk;   (05  Gs;spfs;)

Al
jpzpT FiwT $ 
tpiy FiwT

jil mjpfk; $ 
ntg;gkhFjy; mjpfk; $
rf;jp tpuak; mjpfk;

  (05  Gs;spfs;)

 

  (iii)     
kpd; cgfuzk; Fkpo; tprpwp FspNuw;wp Nfj;jy; kpd;dOj;jp 
xU ehisf;F

nrythFk; 

rf;jp  

11 × 5 × 8
= 0.44 k W h
my;yJ

440 W h

(04 + 01 
Gs;spfs;)

50 × 12 × 5
= 3.0 k W h
my;yJ

3000 W h

(04 + 01 
Gs;spfs;)

70 × 24
= 1.68 k W h
my;yJ

1680 W h

(04 + 01 
Gs;spfs;)

1500 × 1
= 1.5 k W h
my;yJ

1500 W h

(04 + 01 
Gs;spfs;)

750 × 0.5
= 0.38 k W h
my;yJ

380 W h

(04 + 01 
Gs;spfs;)

   rfy kpd; cgfuzq;fspypUe;Jk; = 6.995 my;yJ 7 k W h
     = 6995 my;yJ 7000 W h
       (04 + 01 Gs;spfs;)

   xU ehisf;Fupa rf;jp Efu;T = (6995 my;yJ 7) k W h × 30
       (gpujpaplYf;F 5  Gs;spfs;)

     = (209.85 fyda 210) k W h
       rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&

   xU khjj;Jf;Fupa kpd; rpl;il = (209.85 my;yJ 210)  ×  20
       (gpujpaplYf;F 5  Gs;spfs;)
     = &.  (4140 my;yJ 4200) 
       rupahd tpilf;Fk; myFf;Fk; ^04 + 01 Gs;spfs;&
     (gFjp c nkhj;jk; = 110 Gs;spfs;)

10 Mk; tpdhtpw;F tpilaspj;Js;sik njhlu;ghd mtjhdpg;GfSk; KbTfSk; MNyhridfSk;

ngsjpftpay; fl;Liu tpdhf;fspy; Fiwe;j rjtPjj;jpdu; 

tpilaspj;Js;s tpdh ,JthFk;. 32% ,du; ,jw;F 

tpilaspj;Js;sdu;. tpdhtpw;fhd Gs;spfs; 150 MFk;.

0 - 37  Gs;sp Mapilapy; 61%
38 - 75  Gs;sp Mapilapy; 26% 
76- 113 Gs;sp Mapilapy; 18%
114 - 150 Gs;sp; Mapilapy; 10% 

Mdtu;fs; Gs;spfisg; ngw;Ws;sdu;.

,t;tpdhTf;F 114 Gs;spfistpl mjpfkhfg; ngw;wtu;fs; 

5% Mdtu;fs; Mtu;. 61% Mdtu;fs; 37 ,w;Ff; 
Fiwthd Gs;spfisNa ngw;Ws;sdu;. 

   tpdhtpw;Fg; Gs;spfs; ngw;w tpjk;

76 - 113

8%

38 - 75

26%
00 - 37

61%

114 - 150

5%
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3.2   fw;wy; - fw;gpj;jy; njhlu;ghd fUj;JfSk; MNyhridfSk;

* gpuNahf nraw;ghLfspd; mbg;gilapyhd Nfs;tpfSf;F tpilaspj;jy; nghJthf gytPdkhf 

cs;sJ. Nkw;gb fw;wy; fw;gpj;jy; nrad;Kiwapd;NghJ gpuNahf nraw;ghLfspy; <LgLj;Jk;. mJ 

njhlu;ghd gapw;rpfspy; <LgLj;JtJk; kpfTk; nghUj;jkhdJ vd typAWj;jg;gLfpd;wJ. 

* Gjpa ghlj;jpl;lj;jpw;F Gjpjhf Nru;f;fg;gl;Ls;s ghlg;gFjpfs; njhlu;ghfTk; khztupd; ftdk; 

<LgLj;jg;gl Ntz;Lk;. 

* njhopDl;gtpay; tpQ;Qhdk; Mfpa ghlq;fs; gytw;wpd; Nru;f;ifahFk;. vz;zf;fUf;fika 

kddk; nra;J Qhgfj;jpy; ,Uj;jy; %yk; khj;jpuk; ,jid ntw;wpfukhf fw;f KbahJ. fw;w 

vz;zf;fUf;fs; jf;f ,lq;fspy; gpuNahfpj;J gpur;rpid jPu;f;Fk; gapw;rp tsuf;fg;gl Ntz;Lk;.

* njhopDl;gtpay; kw;Wk; tpQ;Qhdk; Mfpa ghlq;fspd; myFfs; ngUk;ghYk; xd;Wld; xd;W 

njhlu;Gilait. MfNt mynfhd;iwf; fw;wjd; gpd;du; mjd; KOikgw;wp vz;zf;fU nghopg;ghf 

khztuplk; tsu;r;rpaila Ntz;Lk;.

* njhopDl;gtpay; kw;Wk; tpQ;Qhdk; Mfpa ghlq;fspd; fPo; gpuNahf nraw;ghLfs; kw;Wk; 

gupNrhjidfs; jpl;lkplg;gl;bUg;gJ if tpid  Mw;wiy tsu;;f;f khj;jpuky;y gpuNahf uPjpapy; 

ngWk; mtjhdpg;Gf;fs; Nghd;wtw;iw tFg;giwapy; fw;w Nfhl;ghLfSld; ,ize;J cupa 

KbTfSf;F tUk; Mw;wiy tsu;g;gjw;fhFk;. MfNt gpuNahf guPl;irfs; njhlu;ghf mjpf 

mf;fiw nrYj;j khztu;fSk; Mrpupau;fSk; eltbf;if vLf;f Ntz;Lk;. 

* ngsjpftpay; fzpjk; ghlg;gFjpfs; vz;zf;fUf;fs; gw;wp rupahf tpsf;fk; ngwg;gl;l NghjpYk; 

RUf;Fk;NghJ fhl;Lk; tupir kpf rpwe;j ngWNgW fhl;Lk; khztu; njhlu;ghfTk; fzpj mwpit 

tsuf;Fk; Njit vOj;Jf;fhl;lg;gLfpd;wJ. ,jd;NghJ fzpj nraw;ghLfs; RUf;fk; tWjp kw;Wk; 

RUf;fkhd Kiwfisg; gad;gLj;jy; klf;if tha;g;ghLfs; gad;gLj;Jtjw;F gapw;Wtpj;jy; 

Mfpatw;iw cgNahfpf;fyhk;.

* fw;wy; - fw;gpj;jy; nrad;Kiwapd; NghJ ghl cs;slf;fj;ij tpupTiuahf rku;gpg;gjw;Fg; gjpyhf 

khztu;fSld; fye;Jiuahly; %yk; rku;gpj;jy; Kf;fpakhdJ. mg;ghl tplaq;fis gpuNahf 

uPjpapy; cgNahfpf;Fk; tpjk; gw;wpa gapw;rp khztu;fSf;Fj; jug;gl Ntz;Lk;.    

* ghltplaq;fisg; gFj;jha;e;J gpur;rpid jPu;f;Fk; tpjk; gw;wp gapw;rp toq;Fjy; Kf;fpakhFk;.      

* tpNrlkhf ghlj;jpl;lj;jpd; ngsjpftpay; myFfis nrayilT kl;lk; rhu;gstpy; Fiwthd 

gbahy; ghlj;jpl;lj;ijg; g+uzg;gLj;Jk; NghJk; fw;wy; fw;gpj;jy; nrad;Kiwapd; NghJk; mit 

njhlu;ghf $ba ftdk; nrYj;jg;gl Ntz;Lk;.  

           

 




