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iii

gzpg;ghsu; ehafj;jpd; nra;jp

~~cz;ikahd mwpnthsp tpUj;jpahdJ

kf;fSf;Fk; g+kpf;Fk; fpilf;Fk; #upa xsp Nghd;wjhFk;.||

21 Mk; E}w;whz;bd; 4G njhopDl;gg; Gul;rpf;F Kfq;nfhLf;Fk; jpwd;fisf; nfhz;l

khztu;fis ehl;by; cUthf;FtNj murpdJk; fy;tp mikr;rpdJk; gpujhd

nghWg;ghFk;. NkYk; me;jj; jpwikfisg; g+uzkhff; nfhz;l khztu;fis

vkJ fy;tp Kiwika+lhf cUthf;Ftjw;F mtrpakhd fy;tp kWrPuikg;G jw;NghJ

jpl;lkplg;gl;L eilKiwg;gLj;jg;gl;Ls;sJ.

fUtiw Kjy; fy;yiw tiu fy;tpiag; ngWk; kdpjDf;Fupa mwpthw;wy;

tpUj;jpf;fhd mbj;jsj;ij toq;FtJ ghlrhiyf; fy;tpahFk;. #upa xsp Nghd;w

gpufhrkhd mwpnthspapdhy; G+kpia fl;bnaOg;Gtjw;fhf  ts%l;Lk; ghlrhiyf;

fy;tpapy; kpff;$Ljyhd gq;fspg;ig toq;FNthu; Mrpupau;fshtu;. ,jw;fhf>

Mrpupau;fis vy;yh tifapYk; tYg;gLj;JtNj Mrpupa kj;jpa fy;tp epiyaq;fSf;F

toq;fg;gl;Ls;s Kjd;ikg; gzpahFk;.

Njrpa fy;tp epWtfkhdJ> ,yq;iff; fy;tpapy; ghlj;jpl;lj;ijj; jahupj;J mjd;

%ykhff; fw;wy; - fw;gpj;jy; nraw;ghl;il cWjpg;gLj;Jk; nghUl;L Mrpupau;fis

topelj;Jfpd;wJ. ,e;j Mrpupau; mwpTiug;G topfhl;bahdJ> fw;wy; - fw;gpj;jy;

nraw;ghl;ilr; rupahf jpirNehf;fp Kd;ndLj;Jr; nry;Yk; nghUl;L Mrpupau;fSf;F

trjpfisr; nra;fpd;wJ. vdNt> ,J Mrpupau;fis tYg;gLj;Jk; nghUl;L

toq;fg;gLfpd;w kfj;jhdnjhU gq;fspg;ghFk;. ,jid Mf;Ftjpy; jpahfj;Jld;

nraw;gl;l ntspthupf; fy;tpkhd;fisAk; vdJ epWtff; fy;tprhu; gzpahsu;fisAk;

kpfTk; kjpf;fpd;Nwd;.

,k;KiwikA+lhf eilKiwg;gLj;Jtjw;F vjpu;ghu;f;fpd;w tplaq;fis Mrpupau;

mwpTiug;G topfhl;b %yk; Gupe;J nfhz;L> Ra jPu;khdk; %yk; Mf;fg+u;tkhd

fw;wy; - fw;gpj;jy; nraw;ghl;il eilKiwg;gLj;Jk; nghWg;G Mrpupau;fsplNk

xg;gilf;fg;gLfpd;wJ. rkepiy MSikkpf;f gpuirfis r%fj;Jf;F toq;FtNj

,jd; %yk; milag;gl Ntz;ba Fwpf;NfhshFk;. ghl tplaq;fSf;F mg;ghy;

,e;jf; Fwpf;Nfhis ntw;wpnfhs;tjpy; Mrpupau;fspd; kdg;ghq;F ngUkstpy; gq;fspg;Gr;

nra;fpd;wJ. fsp kz;zpdhyhd Xu; mofhd fiyg; gilg;ig cUthf;Fk; xU

fiyQdpd; gzpf;Fr; rkkhd flikia Vw;Ws;s Xu; Mrpupauhf ,Ug;gJ cq;fSf;Fg;

ngUikf;FupaJ vd vz;Zfpd;Nwd;. mg;ngUikAld; ,yq;ifapd; vjpu;fhyj;ijf;

fl;bnaOg;Gfpd;w cq;fs; gzpf;F xU J}z;Ljiyg; ngw;Wj;ju Kbe;jikia xU

ghf;fpakhff; fUJfpd;Nwd;.

fyhepjp Rdpy; [ae;j etuj;d

gzpg;ghsu; ehafk;

Njrpa fy;tp epWtfk;



iv

gpujpg; gzpg;ghsu; ehafj;jpd; nra;jp

,yq;ifg; ghlrhiy Kiwikapy; njhopDl;gtpaw; ghlj;Jiw

mwpKfQ; nra;ag;gl;likahdJ> njhopDl;gtpay; Nju;r;rpfisf; nfhz;l

,sQ;re;jjpapdiu cUthf;Ftjw;fhd mupa re;ju;g;gkhFk;. nghwpapaw;

njhopDl;gtpay;> capu ;Kiwikfs; njhopDl;gtpay; Mfpa

njhopDl;gtpaw;; ghlq;fisg; gapYk;NghJ mg;ghlq;fspd; tpla

cs;slf;fj;jpy; cs;s fzpjk;> tpQ;Qhdk;> jfty; njhopDl;gk; Mfpa

$Wfs; rhu;e;j mbg;gil mwpit toq;FtNj njhopDl;gtpaYf;fhd

tpQ;Qhdk; vDk; ,e;jg; ghlj;jpd; Fwpf;NfhshFk;.

Mrpupa tfpghfj;ijr; rpwg;ghf epiwNtw;Wtjw;fhd  topfhl;bahfg;

gad;gLj;jf; $bathwhfTk; khztuJ nrad;Kiwj; jpwd;fisAk;

gilg;ghw;wy;fisAk; tpUj;jpnra;a topNfhYk;tifapYk; ,e;j

nray;Kiwr; nraw;ghl;Lj; jpul;L jahupf;fg;gl;Ls;sik kfpo;r;rpf;FupajhFk;.

ey;nyhOf;fKk; ew;gz;GfSk; nfhz;l kfj;Jtkpf;f xU

re;jjpapdiu r%fkag;gLj;Jtjw;Fk;; vjpu;fhy Copau; tsk;kPJ

gq;fspg;Gr; nra;Ak; ty;yikAs;s gpuirfis cUthf;Ftjw;Fk;

fhj;jpukhd tifapy; gq;fspgig toq;Ftjw;Fj; Njitahd topfhl;ly;

,jd;%yk; toq;fg;gLnkd vjpu;ghu;f;fpd;Nwd;. ,g;gzp ntw;wpngWjpy;

gq;fspg;Gr;nra;j midtUf;Fk; vdJ ed;wpfisj; njuptpf;fpd;Nwd;.

vk;.vt;.v];.gP. [atu;jd

gpujpg; gzpg;ghsu; ehafk;

tpQ;Qhd njhopDl;gg; gPlk;

Njrpa fy;tp epWtfk;



v

topfhl;ly; : Nguhrpupau; Fzghy ehzaf;fhu>

gzpg;ghsu;> Njrpa fy;tp epWtfk;

MNyhrid : jpU. vk;.vt;.v];.gP. [atu;jd>

gpujpg; gzpg;ghsu; ehafk;
tpQ;Qhd njhopDl;gg; gPlk;>
Njrpa fy;tp epWtfk;

Nkw;ghu;it : jpU. vd;.uP.Nf. nyhf;Fypad>

gzpg;ghsu;
njhopDl;gf;; fy;tpj; Jiw
tpQ;Qhd njhopDl;gtpay; gPlk;> Njrpa fy;tp epWtfk;

jpl;lkplYk; nraw;wpl;lk; jiyikAk;

fhyepjp ud;rpfh j my;tp];

rpNu~;l tpupTiuahsu;
njhopDl;gf; fy;tpj; Jiw
Njrpa fy;tp epWtfk;

vOj;jhsu; FO

cs;thup : fyhepjp ud;rpfh j my;tp];

rpNu~;l tpupTiuahsu;> njhopDl;gf; fy;tpj; Jiw>
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rpNu~;l tpupTiuahsu;> tpQ;Qhdj;Jiw>
Njrpa fy;tp epWtfk;

Gwthup : fyhepjp vk;.V.gP. gprhe;;j>

rpNu~;l tpupTiuahsu;> = [atu;jdGug; gy;fiyf;fofk;

fyhepjp vk;.vd;. nfskhy;

rpNu~;l tpupTiuahsu;> tpQ;Qhd gPlk;>
nfhOk;Gg; gy;fiyf;fofk;

fyhepjp g`d; nfhlf;Fk;Gu

rpNu~;l tpupTiuahsu;> = [atu;jdGug; gy;fiyf;fofk;

jpU. tp.gp.Nf. Rkjpghy> Mrpupa MNyhrfu;

tyaf; fy;tp mYtyfk;>
ty];Ky;y.

mDkjp : fy;tprhu; mYty;fs; rig
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gpujp mjpgu; (Xa;Tngw;w)
nfh/jf;~pyh kj;jpa kfh tpj;jpahyak;>
n`huid.

jpU. v];.b.vd;. mNgNfhd;

Mrpupau; Nrit (Xa;Tngw;w)
Gdpj me;Njhdpahu; kfspu;; fy;Y}up> fz;b

jkpohf;fk; : Idhg;. vk;. vr; vk; ahf;$j;

Xa;Tngw;w gpujk nraw;wpl;l mjpfhup>
Njrpa fy;tp epWtfk;

nkhopr;nrht;tpjhf;fk; : jpU. j kjptjdd;> Mrpupa MNyhrfu;

tyaf; fy;tp mYtyfk;>
gpypae;jy.

fzpdp vOj;jikg;G : Idhg;. V.Nf.vk; K];dp

kfpe;j uhIgf;~ kfh tpj;jpahyak;
khj;jiw

ml;ilg;gltikg;G : jpUkjp fhe;jp Vf;fehaf;fh

njhopDl;gf; fy;tpj; Jiw>
Njrpa fy;tp epWtfk;



vii

mwpKfk;

NtiyAyFf;Fg; nghUj;jkhd ew;gpui[fis cUthf;FtNj fy;tpg; nghJj;

juhjug; gj;jpu cau;ju njhopDl;gtpay; ghlj;Jiwapd; gpujhd Nehf;fkhFk;.

mjw;fhf khztuJ nrad;Kiwj; jpwd;fisAk; Mf;fpay; Mw;wy;fisAk;

tpUj;jpnra;J nfhs;tJ mtrpakhFk;.

,jw;fhf tFg;giwf; fw;wy; - fw;gpj;jy; nrad;Kiwapd; NghJ Nfhl;ghLuPjpahd

ghlq;fSf;F Nkyjpfkhf> nra;Kiwr; nraw;ghLfs;kPJk; ftdQ; nrYj;JtJ

Kf;fpakhdjhFk;. nghwpapaw; njhopDl;gtpay;> capu; Kiwikfs; njhopDl;gtpay;

Mfpa njhopDl;gtpaw;; ghlq;fisg; gapYk;NghJ mg;ghlq;fspd; tpla cs;slf;fj;jpy;

cs;s fzpjk;> tpQ;Qhdk;> jfty; njhopDl;gk; Mfpa $Wfs; rhu;e;j mbg;gil

mwpit toq;FtNj njhopDl;gtpaYf;fhd tpQ;Qhdk; vDk; ,e;jg; ghlj;jpd;

Fwpf;NfhshFk;.

njhopDl;gtpay; ghlj;Jiwapy;> njhopDl;gtpaYf;fhd tpQ;Qhdg;; ghlj;jpd;

tpla cs;slf;fj;Jf;F Vw;GilathW me;je;jj; Nju;r;rpf;Fupa nraw;ghLfis

Nkw;nfhs;tjw;F> ,e;j nray;;Kiwr; nraw;ghl;Lj; jpul;L %yk; topfhl;lg;gl;Ls;sJ.

,q;F fhl;lg;gl;Ls;s nraw;ghLfSf;F Nkyjpfkhf Mrpupa topfhl;bapy;

fhl;lg;gl;Ls;s nraw;ghLfspYk; <LgLtjw;F khztu;fSf;Fr; re;ju;g;gk; toq;fg;gl

Ntz;Lk;. khztu;fif; nfhz;L ,e;j nra;d;Kiwfisr; nra;tpg;gjw;fhd trjpfs;

ghlrhiyapy; ,y;iynadpy; Mrpupau; nra;Jfhl;lyhf mtw;iwr; nra;jfhl;LtJ

mtrpakhFk;.

,jpy; fhl;lg;gl;Ls;s nray;Kiwfspy; Mrpupaupd; topfhl;lYlNd

<LglNtz;Lk;. nraw;ghl;L mwpf;ifiag; gjpTnra;J MrpupauJ ifnahg;gk; ngw;Wf;

nfhs;sg;gl Ntz;Lk;.

,e;j E}ypy; tpUj;jpnra;ag;gl Ntz;ba tplaq;fs; VJkpUg;gpd; mJ gw;wp

Njrpa fy;tp epWtfj;jpd; njhopDl;gf; fy;tpj; Jiwf;F njuptpg;gPu;fshapd;

ed;wpAilNahuhNthk;.

njhopDl;gf; fy;tpj; Jiw

tpQ;Qhd njhopDl;gg; gPlk;

Njrpa fy;tp epWtfk;.
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f.ngh.j. (caj; ju) njhopDl;gj; Jiw

njhopDl;gtpaYf;fhd tpQ;Qhdk;

nra;Kiwg; gupNrhjidg; gl;bay;;

 ngsjpftpaw; $W

 1. Ntzpau; ,Lf;fpkhdpiag; gad;gLj;jp mstPLfisg;; ngWjy;

 ,Uk;Gr;rl;lj;jpd; mfyj;ij msj;jy;

 Fz;Lg; Nghjpifnahd;wp;d; cs;> ntsp tpl;lq;fis msj;jy;

 CrpkUe;Jf; Fg;gpnahd;wpd; Moj;ij msj;jy;

 2. jpUfhzp EZf;Ff; fzpr;rpiag; gad;gLj;jp mstPLfisg; ngWjy;.

 nky;ypa cNyhfj; jfnlhd;wpd; jbg;ig msj;jy;

 nky;ypa fk;gpnahd;wpd; tpl;lj;ij msj;jy;

 ehzankhd;wpd; ,ilj; jbg;ig msj;jy;

 nky;ypa nghypj;jPd;jhspd; jbg;ig msj;jy;

 3. fyit Kiwapy; ePupd; Mtpahjypd; jd;kiwntg;gj;ijj; Jzpjy;.

 4. fhtypaplg;gl;l cNyhff; Nfhnyhd;wpD}Nl ntg;gk; flj;jg;gLk;NghJ ntg;gepiyg;

gutiyf; fw;wy;.

 5. tpirj;jpUg;gf; Nfhl;ghl;ilg; gad;gLj;jp njupahj Riknahd;wpd; ngWkhdj;ijf; fzpj;jy;.

 6. Mf;fpkpbrpd; Nfhl;ghl;ilg; gad;gLj;jp jpz;kk;> jputk; Mfpatw;wpd; rhulu;j;jpiaf;

fzpj;jy;.

 7. ,wg;gu;f; Fohiag; gad;gLj;jp ,wg;gupd; aq;qpd; Fzfj;ijf; fzpj;jy;.

 8. gy;khdpiag; gad;gLj;jp kpd;Ndhl;lk;> mOj;j tpj;jpahrk; vd;gtw;iw msj;jy;

 9. Xkpd; tpjpia tha;g;Gg; ghu;j;jy;

10. flj;jpr; RUspy;;/flj;jpapy; J}z;lg;gLk; kpd;dpaf;f tpirapd;ghy; nry;thf;Fr; nrYj;Jk;

fhuzpfisr; Nrhjpj;jwpjy;

 ,urhadtpay; $W

 1. fljhrp epwg;gjptpay; El;gKiw %yk; jhtu ,iyfspy; mlq;fpAs;s epwg;nghUl;fis

Ntwhf;fy;.

 2. Njapiyapy; ,Ue;J fNgd; gpupj;njLj;jy;.

 3. fuhk;gpypUe;J ,A+[pNdhy; gpupj;njLj;jy;.

 4. MlhNjhil (ghtl;il) ,iyfspypUe;J my;fnyhapl;ilg; gpupj;njLj;jy;.

 5.  ngsjpf khw;wq;fSld; njhlu;Gila ntg;gkhw;wj;ijr; nra;Jfhl;ly;.

 cUFjYk; ciwjYk;

 gjq;fkhjYk; kPs;gjq;fkhjYk;

 MtpahjYk;> xLq;FjYk;

 6. Gw ntg;gj; jhf;fk;> mf ntg;gj;jhf;fk; vd;gtw;iw tha;g;Gg; ghu;j;jy;.

 7. jhf;fntg;gj;ijg; gupNrhjid uPjpahfj; Jzpjy;.

 8. jhf;ftPjj;jpy; nry;thf;Fr; nrYj;Jk; fhuzpfisf; fw;wha;jy;.

 9. ntg;gj;jpd; Kd;dpiyapy; gpshj;jpf;Fg;  gjhu;j;jq;fspd; elj;ijfisf; fw;wha;jy;.

10.  ghlrhiy Ma;$lj;jpy; rtu;f;fhu cw;gj;jpr; nrad;Kiwiaf; fw;wy;.

 capupaw; $W

 1. fs;S my;yJ japu; khjpupapy; mlq;Fk; gw;wPupahf;fis mtjhdpg;gjw;fhf vspa

rha%l;ly; Kiwnahd;iwf; ifahz;L ghu;j;jy;.

 2. ghiyg; gad;gLj;jpj; japu; jahupj;jy;.



 f.ngh.j. cau;ju njhopDl;gg; ghlj;Jiw

njhopDl;gj;Jf;fhd tpQ;Qhdk; - juk; 12> 13

nra;Kiwg; gupNrhjidg; gl;bay;;

 1. fs;S my;yJ japu; khjpupapy; mlq;fpAs;s gw;wPupahf;fis mtjhdpg;gjw;fhf vspa

rha%l;ly; Kiwnahd;iwf; ifahz;L ghu;j;jy;.

 2. ghiyg; gad;gLj;jpj; japu; jahupj;jy;.

 3. Ntzpau; ,Lf;fpkhdpiag; gad;gLj;jp mstPLfisg; ngWjy;

 ,Uk;Gr;rl;lj;jpd; mfyj;ij msj;jy;

 Fz;Lg; Nghjpifnahd;wp;d; cs;> ntsp tpl;lq;fis msj;jy;

 CrpkUe;Jf; Fg;gpnahd;wpd; Moj;ij msj;jy;

 4. jpUfhzp EZf;Ff; fzpr;rpiag; gad;gLj;jp mstPLfisg;; ngwy;.

 nky;ypa cNyhfj; jfnlhd;wpd; jbg;ig msj;jy;

 nky;ypa fk;gpnahd;wpd; tpl;lj;ij msj;jy;

 ehzankhd;wpd; ,ilj; jbg;ig msj;jy;

 nky;ypa nghypj;jPd; jhspd; jbg;ig msj;jy;

 5.  ngsjpf khw;wq;fSld; njhlu;Gila ntg;gkhw;wj;ijr; nra;Jfhl;ly;.

 cUFjYk; ciwjYk;

 gjq;fkhjYk; kPs;gjq;fkhjYk;

 MtpahjYk;> xLq;FjYk;

 6. Gw ntg;gj; jhf;fk;> mf ntg;gj;jhf;fk; vd;gtw;iwr; nra;Jfhl;ly;.

 7. jhf;fntg;gj;ij gupNrhjid uPjpahfj;Jzpjy;.

 8. fyit Kiwapy; ePupd; Mtpahjypd; jd;kiwntg;gj;ijj; Jzpjy;.

 9. fhtypaplg;gl;l cNyhff; Nfhnyhd;wpD}Nl ntg;gk; flj;jg;gLk;NghJ ntg;gepiyg; gutiyf;

fw;wy;

10. jhf;ftPjj;jpy; nry;thf;Fr; nrYj;Jk; fhuzpfisf; fw;wha;jy;.

11. ntg;gj;jpd; Kd;dpiyapy; gpshj;jpf;Fg;  gjhu;j;jq;fspd; elj;ijfisf; fw;wha;jy;.

12. tpirj;jpUg;gf; Nfhl;ghl;ilg; gad;gLj;jp njupahj Riknahd;wpd; ngWkhdj;ijf; fzpj;jy;.

13. Mf;fpkpbrpd; Nfhl;ghl;ilg; gad;gLj;jp jpz;kk;> jputk; Mfpatw;wpd; rhulu;j;jpiaf; fzpj;jy;.

14. fljhrp epwg;gjptpay; El;gKiw %yk; jhtu ,iyfspy; mlq;fpAs;s epwg;nghUl;fis

Ntwhf;fy;.

15. NjapiyapypUe;J fNgd; gpupj;njLj;jy;.

16. fuhk;gpypUe;J ,A+[pNdhy; gpupj;njLj;jy;.

17. MlhNjhil (ghtl;il) ,iyfspypUe;J my;fnyhapl;ilg; gpupj;njLj;jy;.

18. ,wg;gu;f; Fohiag; gad;gLj;jp ,wg;gupd; aq;qpd; Fzfj;ijf; fzpj;jy;.

19. gy;khdpiag; gad;gLj;jp kpd;Ndhl;lk;> mOj;j tpj;jpahrk; vd;gtw;iw msj;jy;

20. Xkpd; tpjpia tha;g;Gg; ghu;j;jy;

21. flj;jpr; RUspy; my;yJ flj;jpapy; J}z;lg;gLk; kpd;dpaf;f tpirapy; nry;thf;Fr; nrYj;Jk;

fhuzpfisr; Nrhjpj;jwpjy;

22. ghlrhiy Ma;$lj;jpy; rtu;f;fhu cw;gj;jpr; nrad;Kiwiaf; fw;wy;.
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Nju;r;rp 01 : Ez;zq;fpfis ,dq;fz;L mtw;wpd; gpuNahfq;fis tpsf;Fthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

² fs;S khjpup

² nkjpypd; ePyk; (Ijhd)

² fz;zhb tOf;fp

² fpUkp GFj;jy; Crp (Inoculation needle)
² gd;rd; RluLg;G

² $l;L xspEZf;Ff; fhl;b

² khf;fu; Ngid> nkOFg; ngd;rpy; (Marker pen / wax pencil)
Nfhl;ghL:

Ez;zq;fpfspd; fyr;Rtu; CLfhl;Lk; jd;ikAilajhifahy; mit gw;wpf;

fw;wha;tjw;fhf vspa rha%l;ly; Kiwiaf; ifahSjy;.

Kiw : ² cyu;e;j  Rj;jkhd tOf;fpnahd;wpidg; ngw;Wf;nfhs;f

² tOf;fpia mjd; tpspk;Gfspy; my;yJ ,Lf;fpapd; Kbtpy; gpbj;Jf;nfhs;f.

² G+r;irj; jahupf;Fk; gf;fj;ij khu;f;fu; Ngidapdhy; (Marker pen)
milahskpl;Lf;nfhs;f.

² fpUkpGFj;jy; Crpapd; jlj;ij gd;rd; RluLg;gpd; ePy epwr; Rthiyapy;

gpbj;Jr; nrQ;#lhFk;tiu ntg;gkhf;fp Mwtpl;Lf;nfhs;f.

² tspapy; cyutpLf. (tspapy; gjpj;jy;)

² G+uzkhf tspapy; cyu;j;jg;gl;l gpd;du; tOf;fpapd; fPo;g;gFjp gd;rd;

Rthiyia Nehf;fp ,Uf;FkhW 2 - 3 jlitfs; mq;Fkpq;Fkhf mirj;J

ntg;gj;jpdhy; gjpj;Jf;nfhs;f.

² G+r;R KOtJk; kiwAkhW nkjpypd; ePy epwg;nghUis ,l;L  30 - 60

nrf;fd; itj;jpUf;f.

² ePu;f;FohapD}lhf topAk; ePiug; G+r;rpd;kPJ nkJthf tope;Njhlr;nra;J>

Nkyjpf rhaj;ijf; fOtptpLf.

² tbjhspidg; gad;gLj;jp tOf;fpapd; <uj;ij Kw;whf xw;wpnaLf;f.

² Kjypy; EZf;Ff;fhl;bapd; jho;tYtpYk; gpd;du;> ,iltYtpy; my;yJ

cau;tYtpYk; fs;Sg;G+r;ir mtjhdpf;Ff.

fye;Jiuahly;:

² vz;nza; mkpo;g;G tpy;iy cs;sjhapd; > xU Jsp rPlu;. vz;nzia

G+r;rpd;;kPJ ,l;L> vz;nza;j;Jspia tpy;iy njhLk; tiuapy; ntspg;Gwj;Nj

mtjhdpj;J nghUl;Jz;ilj; jho;j;jp> Ez;nrg;gkhf;fpapdhy; nrg;gQ;nra;J

mtjhdpf;Ff.

nra;Kiwg; gupNrhjid - 1

fs;S khjpupapYs;s kJtf;fyq;fis epw%l;b mtjhdpj;jy;

tOf;fp

G+r;R

rPlu; vz;nza;j;Jsp - (Oil)
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Nju;r;rp 01 : Ez;zq;fpfis ,dq;fz;L mtw;wpd; gpuNahfq;fis tpsf;Fthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

 vUikg;ghy; / gRg;ghy;

 japu; ciw> (Vw;fdNt jahupf;fg;gl;l japu; rpwpjsT)

 Nkirf;fuz;b

 kz;rl;bfs; / gpshj;jpf;Fg; ghj;jpuq;fs; / fz;zhbg; ghj;jpuq;fs;.

 fdyLg;G (cyu;ntg;g)

 thA mLg;G / kpd;dLg;G

 nghypj;jPd; kiwg;G

 wg;gu; thu;fs; (Rubber bands)

 tb

Nfhl;ghL :

Ez;zq;fpfspd; capupurhadr; nrad;KiwfSf;Fj; Njitahd rpwg;ghd

epge;jidfis toq;Ftjd;%yk; ghiyj; jpiuar; nra;ayhk;

Kiw :

 ghiy Rj;jkhd Kfitapy; ,l;L nfhjpf;fitj;Jf; nfhs;f.

 Vwj;jho 20 epkpl Neuk; nfhjpePupy; ,l;Litj;Jf; fpUkpaopj;j tbapdhy; Nkw;gb

nfhjpf;fitj;j ghiy tbj;Jf;nfhs;f

 Rj;jpfupj;j kz;rl;bfs; my;yJ fz;zhbg; ghj;jpuq;fshapd; cau; ntg;gj;jpYk;

gpshj;jpf;Fg; ghj;jpuq;fshapd; nfhjpePupYk; 30 epkpl Neuk; itj;Jf;

fpUkpaopj;Jf;nfhs;f.

 mtpj;J fpUkpaopj;j kz;rl;bfspy; my;yJ gpshj;jpf;Fg; ghj;jpuq;fspy; mtw;wpd;

fdtstpy;  3/4 gq;F epuk;Gk;tiu nfhjpf;fitj;j ghiy ,Lf.

 ghy; 450C tiu Mwpa gpd;du; ciwiar; Nru;f;f. ,jw;nfd Vw;fdNt  jahupf;fg;gl;l

japu; xU Nkirf;fuz;bia ,Lf.

 gpd;du; mg;ghj;jpuq;fspd; thia nghypj;jPd; jhspdhy; %b wg;gu; thupdhy;

Kj;jpiuapLf.

 miw ntg;gepiyapy; Vwj;jho  12 kzp Neuk; Xa;;tpy; itf;Ff.

fye;Jiuahly;; :

 fpUkpaopg;G Kiwfs;> rPtNdhgha topahf japu; jahupf;Fk; njhopDl;gj;ijg;

gad;gLj;jj; Njitahd mbg;gil vz;zf;fUf;fs; Mfpad gw;wpf; fye;JiuahLf.

 ghy;> Ez;zq;fpfspd; tsu;r;rpf;Fg; nghUj;jkhd Xu; Clfkhjyhy; mJ gOjilAk;

rhj;jpak; Fwpj;Jf; fye;JiuahLf.

nra;Kiwg; gupNrhjid - 2

ghiyg; gad;gLj;jpj; japu; jahupj;jy;;
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Nju;r;rp 05 : mstply ; NjitfSf ;fhf cu pa El ;gKiwfisf ;

iff;nfhs;thu;.

gupNrhjid  :

  1. ,Uk;Gr; rl;lj;jpd; mfyk;

2. Fz;Lg; Nghjpifapd; cs;> ntsp tpl;lq;fs;

3. CrpkUe;Jf; Fg;gpapd; Mok;

Njitahd nghUl;fSk; cgfuzq;fSk;.

² Ntzpau; ,Lf;fpkhdp

² ,Uk;Gr;rl;lj; Jz;L

² Fz;Lg; Nghjpif

² CrpkUe;Jf; Fg;gp

Nfhl;ghL : Ntzpau; ,Lf;fpkhdp

(Ntzpau; ,Lf;fpkhdpapd;  }  (gpujhd mstpilapd;  - (Ntzpau; mstpilapd;

,opntz;zpf;if)        xU gpuptpd; ePsk;)      xU gpuptpd; ePsk;)

² gpujhd mstpilapy; 9mm 10 gpupTfshfg; gpupf;fg;gl;L Ntzpau; mstpil

Mf;fg;gl;Ls;s re;ju;g;gj;jpy;

gpujhd mstpilapd; xU gpuptpd; ePsk; = 1 mm

Ntzpau; mstpilapd; 10 gpupTfspd; ePsk; = 9 mm

/ xU Ntzpau; gpuptpd;; ePsk; = 0.9 mm

/ ,opntz;zpf;if = 1 mm - 0.9 mm

=  0.1 mm

² gpujhd mstpilapd; xU gpuptpd; ePsk;> x mm (kpy;ypkPw;wu;) MtNjhL>

mt;thwhd  N vz;zpf;if nfhz;l gpupTfshf tFf;fg;gl;L Ntzpau;

mstpil mikf;fg;gl;Ls;sNghJ

gpujhd mstpilapd; xU gpuptpd; ePsk; = x mm

N Ntzpau; gpupTfspd; ePsk; = n x mm

xU Ntzpau; gpuptpd; ePsk; = n x mm
   N

gpujhd

mstpil

cl; jhilfs;

ntspj;

jhilfs;

epiyj;j

jhil

tOf;F

jhil

Ntzpau;

mstpil

nra;Kiwg; gupNrhjid  3

Ntu;zpau; ,Lf;fpkhdpiag; gad;gLj;jp mstPLfis Nkw;nfhs;sy;
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 ,opntz;zpf;if }    gpujhd mstpilapd;  -  Ntzpau; mstpilapd;

xU gpuptpd; ePsk;      xU gpuptpd; ePsk;

     =  x mm - n x mm

         N

      
n

1- mm
N

x
 

  
 

Kiw :  Kjypy; cgfuzj;jpd; gpujhd mstpilapd; topNa Ntzpau;

mstpilia tOf;fpr; nry;yr; nra;J> xUq;fpirAk; gpujhd mstpilg;

gFjpfspd; vz;zpf;ifiaAk; Ntzpau; mstpilg; gFjpfspd;

vz;zpf;ifiaAk; mtjhdpj;J> ,opntz;zpf;ifiag; ngWf.

 ,Lf;fpkhdpapd; jhilfs; xd;iwnahd;W njhLkhW tOf;fpr; nry;yr;

nra;J> G+r;rpa tO cs;sjhntdg; guprPypf;Ff. G+r;rpa tO

cs;sjhapd;> mjidf; $l;lNtz;Lkh> fopf;f Ntz;Lkh vd;gijAk;

Fwpj;Jf;nfhs;f.

 fPNo jug;gl;Ls;s me;je;j mstPl;Lf;fhf cUtpy; mk;Gf;Fwpj;

jiyfshy; fhl;bAs;s %d;W ,lq;fspYk; thrpg;Gf;fisg; ngWf.

1. ,Uk;Gr; rl;lfj; Jz;nlhd;wpd; mfyj;ij msg;gjw;fhf Ntzpau;

,Lf;fpkhdpapd; ntspj;jhilfisg; gad;gLj;Jf.

2. Fz;Lg; Nghjpifapd; cs; tpl;lj;ijj; Jzptjw;fhf ,Lf;fpkhdpapd;

cl;jhilfisg; gad;gLj;Jf.

Fz;Lg; Nghjpifapd; ntsp tpl;lj;ijj; Jzptjw;fhf ,Lf;Fkhdpapd;

ntspj; jhilfisg; gad;gLj;Jf

3. CrpkUe;Jf; Fg;gpapd; Moj;ij msg;gjw;fhf Mok; msf;Fk; Nfhiyg;

gad;gLj;Jf
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,jw;fhf CrpkUe;Jf; Fg;gpapd; thapd;kPJ ,Lf;fpapd; fPo; me;jk;

njhLifAWkhW  itj;J> Mok; mstpLk; Nfhy; Nghj;jypd; mbg;gFjp

tiu njhLifAWkhW nra;f.

thrpg;Gf;fSk; fzpj;jYk; :

 Ntzpau; mstpilapd; ,opntz;zpf;if = .............mm

 G+r;rpatO =..............mm  ($l;l Ntz;Lk; $ fopf;f Ntz;Lk;)

ngw;w xt;nthU thrpg;GlDk; G+r;rpa tOitf; $l;b my;yJ fopj;J

cupa  mstPl;ilg; gpd;tUk; ml;ltizapy; Fwpg;gpLf.

mstPL                  mstPl;bd;NghJ fpilj;jngWkhdk; mm   ,ilg;ngWkhdk;

                                            I               II                 III                 (mm)

1. ,Uk;Gr;rl;lj;jpd; mfyk;- - - - -

2. Fz;Lg; Nghjpifapd; - - - -
cs;tpl;lk;

3. Fz;Lg; Nghjpifapd; - - - -
ntsptpl;lk;

4. CrpkUe;Jf; Fg;gpapd; - - - -
Mok;

ngWNgW : xt;nthU mstPl;bYk; fpilg;gtw;iw ,ilg;ngWkhdj;ijg;

gpd;tUkhW gjpTnra;f.

1. ,Uk;Gr; rl;lj;jpd; mfyk; = ...................   mm

2. Fz;Lg; Nghjpifapd; cs;tpl;lk; = ...................   mm

Fz;Lg; Nghjpifapd; ntsptpl;lk; = ...................   mm

3. Crp kUe;Jf; Fg;gpapd; Mok; = ...................   mm

fye;Jiuahly; :

 gupNrhjidg; ngWNgWfs; kpfTk; nrk;ikahf miktjw;fhf>

mstpLk; ,lq;fis epahakhdthW njupTnra;J nfhs;f. gpd;dtO

mjpf ngWkhdj;ijg; ngWk;. rpW mstPLfspd;NghJ> thrpg;Gf;fisf;

ftdkhfg; gy jlitfs; ngw;W mtw;wpd; ,ilg; ngWkhdj;ijg;

ngWjy;  Nghd;wtw;iw cs;slf;fpa Mf;fG+u;tkhd Nahridfis

Kd;itf;Ff.

(-) + (-) + (-)

3
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Fwpg;G :

 G+r;rpa tOitf; $l;l Ntz;Lkh> fopf;f Ntz;Lkh vd;gJ Fwpj;Jf; ftdQ;

nrYj;Jf.

 mstPl;bd; ngWkhdk; vd;gJ thrpg;G   G+r;rpa tO MFk;. mjd;%yk;

mstPl;bd; ngWkhdj;ijg; ngWf.

  
,opntz;zpf ;if

mse;Jngw;w mstPL
gpd ;dtO MFk;. =

 gpd;dtOitf; fUj;jpw;nfhz;L ,jd;%yk; mstplf;$ba msT tPr;irj;

jPu;khdpf;f

 ,Wjpg; ngWNgw;iwf; Fwpg;gpLk;NghJ ,opntz;zpf;iff;fika kpy;ypkPw;wu;

mstPLfspd;NghJ xU jrkjhdj;Jf;F kl;le;jl;bf; Fwpg;gpLtJ

nghUj;jkhdJ.



njhopDl;gtpaYf;fhd tpQ;Qhdk;                   f.ngh.j. (c/j) nra;Kiwg gupNrhjdfspd; njhFg;G

                                                          njhopDl;gf;fy;tpj;Jiw

9

Nju;r;rp 05 : mstply; NjitfSf;fhf cupa El;gKiwfisf; iff;nfhs;thu;.

gupNrhjid :

1. nky;ypa cNyhfj; jfl;bd; jbg;G

2. fk;gpapd; tpl;lk;

3. ehzaf; Fw;wpapd; ,ilj; jbg;G

4. nky;ypa nghypj;jPd; glyj;jpd; jbg;G

Njitahd nghUl;fs;:

 Ez;khdpj; jpUFf;fzpr;rp

 cNyhfj; jfl;Lj; Jz;L

 ehzaf;Fw;wp

 nghypj;jPd; Jz;L

 fk;gpj; Jz;L

Nfhl;ghL : Ez;khzpj; jpUFf; fzpr;rp

gpujhd msTj; jpl;lj;jpd; Gupapilj; J}uk;

tl;l mstpilapd; gpupTfspd; vz;zpf;if

Ez;khdpj; jpUFf; fzpr;rpapd; 

,opntz;zpf;if
  =

(Gupapilj;J}uk; vd;gJ jpUF xUjlit jPjhs; RoYk;NghJ fjpu;f;Nfhy; Kd;Ndhf;fpr;

nry;Yk; J}uk; MFk;.)

Gupapilj;J}uk;  0.5 mm MfTk; tl;l mstpil  50  gpupTfs;

nfhz;ljhfTk; cs;s Ez;khdpj; jpUFf; fzpr;rpapd;.

,opntz;zpf;if    
50

5.0
  mm

     = 0.01 mm

(ghlrhiy Ma;$lj;jpy; ngUk;ghYk; ,t;thwhd cgfuzNk fhzg;gLk;)

nra;Kiwg; gupNrhjid - 4

Ez;khdpj; jpUFf;fzpr;rpiag; gad;gLj;jp Ez;/vspa mstPLfisg; ngWjy;

gl;lil

fjpu ;f ;Nfhy;

G+z; jPjhs;
jPjhs;

jiy

P
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Kiw :  Ez;khdpj; jpUFf; fzpr;rpapd; jPjhs; jiyiag; gpbj;J Fwpj;j

vz;zpf;ifahd KWf;Ffisr; Row;wp> gpujhd (Vfgupkhz) mstpilapd;

,lg;ngau;r;rpia mtjhdpj;J Gupapiliaf; fz;lwpf.

 ,uz;lhtjhf jPjhs; jiyiag; gpbj;Jr; Row;wp fjpu;f;Nfhy;> gl;lilapd;

kPJ njhLifAWk; re;ju;g;gj;ijg; ngWf.

 ruru xyp ntspg;gly; kw;Wk; jPjhs;jhs; RahjPdkhfr; RoYjy; Mfpad

%yk; mr;re ;ju ;g ;gj ;ij ,yFthf ,dq;fhzyhk; . (j Pjhisg;

gad;gLj;Jk;NghJ ,r;re;ju;g;gj;ijr; rupahf ,dq;fhzKbahJ. vdNt>

jPjhisg; gad;gLj;Jtijj; jtpu;j;Jf;nfhs;f.)

 ,r;re;ju;g;gj;Jf;Fupa thrpg;gpy; G+r;rpatO cs;sjhapd; mjidg;

gjpTnra;Jnfhs;f.

 jPjhs; jiyia my;yJ jPjhisg; gpbj;J ,lQ;Ropahfj; jpUfp>

fjpu;f;Nfhiyg; gpd;dhy; nrYj;jp mstPL ngwg;gl Ntz;ba nghUisf;

fjpu;f;NfhYf;Fk; gl;lilf;Fk; ,ilNa rpiwg;gLj;jp thrpg;igg; ngWk;tiu

mjid khwhJ NgZtjw;fhf ifg;gpbia (P) tyg;Gwkhfj; jpUfp fPo;
Nehf;fp tpOj;Jf; (ifg;gpbia tpOj;Jtjd; %yk; thrpg;Gg; ngWk;tiu

khw;wk; Vw;glhJ Ngz KbAk;) gpd;du;> gpd;tUkhW mstPl;Lg;

ngWkhdq;fisf; Fwpj;Jf;nfhs;f.

 gpujhd mstpilapd; fpilf;Nfhl;Lf;F NeNuAs;s tl;l mstpilapd;

ngWkhdj;ijf; Fwpj;Jf;nfhs;f.

 gpujhd mstpilapy; ntspj; njupAk; gFjpfspd; vz;zpf;ifiaf;

Fwpj;Jf;nfhs;f.

 glj;jpy; fhl;bAs;sthW %d;W ntt;NtW ,lq;fspy; (i), (ii), (iii) thrpg;Gfisg;
ngWf.

1.  nky;ypa cNyhfj;

     jfl;bd; jbg;ig

   msj;jy;

$l;lNtz;ba G+r;rpatOTs;s

re;ju;g;gk;. (0.03mm ,idf; $l;l

Ntz;Lk;.)

G+r;rpa tO mw;w

re;ju;g;gk;

Fwpf;fg;glNtz;ba

G+r;rpa  tOTs;s

re;ju;g;gk; (0.07mm

,idf; fopf;fNtz;Lk;)

cUtpy; fhl;lg;gl;Ls;s thrpg;G 3.67mm

MFk;'

(3.5 + 0.17) mm

^1/
2
 mm  milahsj;ijj; jhz;bAs;sJ.&

cUtpy; thrpg;G 3.17mm

MFk;.

(i)         (ii)          (iii)

  cNyhfj; jfL
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2 . fk;gpapd; tpl;lj;ij msj;jy;

   fk;gpapd; ePsg;ghlhf a, b Mfpa mikTfs; ,uz;bYk; FWf;Fntl;Lf;fs;

xd;Wlndhd;W nrq;Fj;jhd ,uz;L ,lq;fs; tPjk; (i), (ii) vd ehd;F thrpg;Gf;fisg;
ngw;W fk;gpapd; ,il (ruhrup) tpl;lj;ijg; ngWtJ nghUj;jkhdJ.

3 . ehzaf; Fw;wpapd; jbg;ig msj;jy;.

ehzaj;jpy; nghwpf;fg;gl;Ls;s vOj;Jf;fs;> cUtq;fisf; fUj;jpw;nfhz;L

epahakhd %d;W ,lq;fspy; thrpg;Gf;fisg; ngWf.

4. nghypj;jPd; jhspd; jbg;ig mstply;.

nghypj;jPd;jhspd; jbg;G kpff; Fiwthdjhifahy;> mstPL epahakhdjhf

miktjw;fhf> mj;jhis Vwj;jho 20 Jz;Lfshf ntl;b>

xd;wpd;kPnjhd;whf mLf;fpitj;J> %d;W ,lq;fspy; thrpg;Gf;fisg; ngw;W

xU jhspd; jbg;igf; fzpj;Jf;nfhs;f

 fpilj;j thrpg;Gf;fSld; G+r;rpatOitr; Nru;j;J mt;ntht;Nthu; mstPl;ilAk;

Fwpj;Jf;nfhs;f.

thrpg;Gf;fSk; fzpj;jYk; :

 Ez;khdpj; jpUFf; fzpr;rpapd; ,opntz;zpf;if = .............mm

 G+r;rpa tO  ($l;l Ntz;Lk; $ fopf;f Ntz;Lk;) =..............mm

ngw;w mstPLfis gpd;tUkhW ml;ltizapy; Fwpg;gpLf.

(i)

(ii) (a) (b)

(i)     (ii)    (iii)

mstPL                 mstPLfSf;fhff; fpilj;j thrpg;Gfs;; mm    ruhrupg;

                                         (I)            (II)                 (III)               (IV)    ngWkhdk;  mm

1. cNyhfj;jfl;bd; jbg;G - - -                 
(i) + (ii) + (iii)

3

2. fk;gpapd; tpl;lk; - - - -     
(i)+(ii)+(iii)+(iv)

4

3. ehzaf;Fw;wpapd; jbg;G - - -         -     
(i) + (ii) + (iii)

3

4. 20 nghypj;jPd; - - - -   
(i) + (ii) + (iii)

3
jhs;fspd; jbg;G
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nghypj;jPd; jhspd; jbg;igf; fhz;gjw;fhf ml;ltizapy; 4Mk; tupapy;

fpilj;j ,ilg; ngWkhdj;ij 20 My; tFf;Ff.

ngWNgW : ml;ltizapy; ngwg;gl;l ruhrupg; ngWkhdj;Jld; G+r;rpa tOitf;

fUj;jpw;nfhz;L ngWNgw;iwf; Fwpj;Jf;nfhs;f.

1. cNyhfj; jfl;bd; ,ilj;jbg;G = ...................   mm

2. fk;gpapd;tpl;lk; = ...................   mm

3. ehzaf; Fw;wpapd; jbg;G = ...................   mm

4. xU nghypj;jpd; jhspd; jbg;G = ...................   mm

fye;Jiuahly; :

 Mf;fG+u;tkhd MNyhridfis Kd;itf;fr; re;ju;g;gkspf;f.

Fwpg ;G :

 jpUFf; Nfhl;ghL gad;gLj;jg;gLk; NtW cgfuzq;fs; gw;wp mwpTWj;Jf.

 ,wg;gu; Nghd;w ,yFthf tpfhukilAk; nghUs;fspd; mstPLfisg;

ngWtjwF ,e;j cgfuzk; nghUj;jkw;wJ vd;gij vLj;Jf; fhl;Lf.

 gpd;dtO kw;Wk; rjtPjtO Mfpatw;iwf; fUj;jpw;nfhz;L> ,jd;%yk;

msg;gjw;Fj; Njitahd mstPl;L tPr;irj; jPu;khdpj;Jf;nfhs;s Ntz;Lk;.

 mNdf cgfuzq;fspy; ,opntz;zpf;if> mstPl;L tPr;R Mfpad

Fwpg;gplg;gl;Ls;sikia vLj;Jf;fhl;Lf (ghlrhiy Ma;$lj;jpYs;s

Ez;khdpj; jpUFf; fzpr;rpapd; mstPl;L tPr;R nghJthf 0 - 25 mm MFk;.)
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Nju;r;rp 06 : ntg;g ,urhadtpay; njhlu;ghd mbg;gil vz;zf; fUf;fis

Ma;e;jwpthu;.

1. cUFjYk; ciwjYk;

2. gjq;fkhjYk; kPs;gjq;fkhjYk;

3. MtpahjYk; xLq;FjYk;

Nfhl;ghL:      md;whlk; maw;#oypy; fhZk;; nghUs;;fisg; gad;gLj;jp rlg;nghUspd;

epiykhw;wq;fis mtjhdpj;jy;.

cUFjYk; ciwjYk;

Njitahd nghUl;fs;:

 gutpd; nkOF

 Mtpahf;fw; fpz;zk;

 gd;rd; RluLg;G

 Kf;fhyp

Kiw :  Mtpahf;fw; fpz;zj;jpy; Vwj;jho 10 g gutpd; nkOif vLj;J gd;rd;

RluLg;gpy; ntg;gkhf;Ff.

 nkOF cUfp epwkw;w jputkhf khWtjid mtjhdpf;fyhk;. ,r;

re;ju;g;gj;jpy; gd;rd; RluLg;ig mfw;wp RahjPdkhff; Fspu tplTk;.

 jput nkOF ciwe;J jpz;kkhf khWk;.

gjq;fkhjYk; kPs;gjq;fkhjYk;

Njitahd nghUl;fs; :

 jpz;k maBd; rpwpjsT

 250 ml KfitAk; mjid %lj;jf;f msTila fbfhuf; fz;zhb my;yJ

ngj;jpupf; fpz;zk;>

 gdpf;fl;b>

 gd;rd; RluLg;G>

 Kf;fhyp

Kiw :  KfitapDs; rpwpjsT maBd; gspq;Ffis ,l;L mjidf;fbfhuf;

fz;zhbapdhy; %b nkJthf ntg;gkhf;Ff. fbfhuf; fz;zhbapd; kPJ

gdpf;fl;bj; Jz;nlhd;iw ,Lf.

 jpz;k maBd; Mtpahfp mjhtJ gjq;fkhfp Kfit KOtJk; guTk;. RluLg;ig

mfw;wp MwtpLk;NghJ fz;zhbapd; fPo;g;gFjpapy; jpz;k maBd; gbtij

mtjhdpf;fyhk;.

nra;Kiwg; gupNrhjid  - 5

ngsjpf khw;wq;fspd;kPjhd ntg;g khw;wq;fis Nrhjpg;gjw;nfd
epiykhw;wq;fs; rpytw;iwr; nra;Jghu;g;ghu;
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MtpahjYk; xLq;FjYk;

Njitahd nghUl;fs; :

 ePu;

 gdpf;fl;b

 250 ml Kfit

 fbfhuf; fz;zhb my;yJ ngj;jpupf; fpz;zk;

Kiw

:  Kfitapy; 
3

1
gq;Ff;F ePupl;L nfhjpf;Fk;tiu ntg;gkhf;Ff.

 ed;F nfhjpePuhtp ntspNaWk;NghJ Kfitapd; kPJ fbfhuf; fz;zhbia

itj;J mjd;kPJ gdpf;fl;bia ,Lf. ePuhtp xLq;fpj; jputePu;  fpilg;gij

mtjhdpf;fyhk;

fye;Jiuahly;:

 ,e;jg; gupNrhjidf;fhfg; gad;gLj;jf;$ba NtW md;whlk; fhZk; rpy

nghUl;;fisg; gpNuupf;f.

 rlg;nghUl;fspd; epiykhw;wq;fspd;NghJ ntg;grf;;jp cwpQ;rg;gLk; my;yJ

ntspaplg;gLk; vdf; fhl;Lf.

 nkOFf;Fupa> ePUf;Fupa ntg;gkhf;fy; / Fspuy; tisapiag; gupNrhjid
uPjpahfg; ngWk; tpjj;ijr; nra;J fhl;Lf.

 ePupd; nfhjpepiy 1000C, ciwepiy 00C vdf;; Fwpg;gpl;L ,J J}a ePUf;F
kl;LNk nghUj;jkhdJ vd mwpTWj;Jf.

 mKf;fkhdJ nfhjpepiy> cUFepiy Mfpatw;wpy; nry;thf;Fr; nrYj;Jk;

vd mtjhdpg;Gf;fs; %yk; vLj;Jf;fhl;Lf.
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Nju;r;rp 06 : ntg;g ,urhadtpay; njhlu;ghd mbg;gil vz;zf; fUf;fis

Ma;e;jwpthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

 jpz;k NaOH

 nrwpthd H
2
SO

4 
  my;yJ NtW nrwpe;j mkpyk;.

 mNkhdpak; ry;Ngw;W / NtW mNkhdpak; ry;Ngw;W cg;Gfs;

 A+upah

 100 ml Kfit

 ntg;gkhdp

Nfhl;ghL:

 jhf;fk; eilngWk;NghJ ntg;gj;ij mfj;JwpQ;ry; kw;Wk; ntspNaw;wy;

eilngWfpd;wik.

Kiw:

 rpwpa Kfitapy; 50 ml ePiu ,l;L ntg;gkhdpapd; %ykhf mjd; ntg;gepiyia

mse;Jnfhs;f. jpz;k NaOH ,y; 5g ,id Kfitapy; ,l;L fyf;fpapdhy; nkJthff;

fyf;Ff. Kfitapy; mlq;fpAs;s ePupd; ntg;gepiy mjpfupg;gij mtjhdpf;fyhk;.

 rpwpa Kfitapy; 50ml ePiu ,l;L mjd; ntg;gepiyiaf; Fwpj;Jf; nfhs;f. 5 ml

nrwpe;j H
2
SO

4
 ,id rpwpJrpwpjhf Kfitapy; Nru;j;J nkJthff; fyf;fTk;.

Kfitapy; cs;s fiurypd; ntg;gepiy mjpfupg;gij mtjhdpf;fyhk;.

 rpwpa Kfitapy; 50 ml ePiu ,l;L mjd; ntg;gepiyiaf; Fwpj;Jf; nfhs;f.

mjDs; rpwpjsT A+upah my;yJ mNkhdpah cg;nghd;iw ,l;L ftdkhff;

fyf;Ff. mg;NghJ ntg;gepiy Fiwtiltij mtjhdpf;fyhk;.

Fwpg;G :

 nrwpe;j H
2
SO

4
 mjpfsT mupf;Fk; jd;ik nfhz;ljhifahy; mjidj; njhLtij

jtpu;j;Jf; nfhs;f. jahupf;fg;gl;l NaOH, H
2
SO

4
 fiury;fs; ,Ug;gpd; mtw;iw

NtW gupNrhjidj; NjitfSf;fhfg; gad;gLj;jyhk;.

fye;Jiuahly;:

 ntg;gkhdpapd; %yk; fiuriyf; fyf;ff; $lhJ. mjw;fhd fhuzk; ahJ?

 ntg;ghdpia gbtFf;Fif nra;tJ vt;thW?

 jpz;k NaOH  rpy  re;ju;g;gq;fspy; ghj;jpuj;jpd; mbapy; xl;bf;nfhs;Sk; jpz;k

NaOH  ,id tspapy; jpwe;J itf;Fk;NghJ ePu;kakhFk;. ,jw;fhd fhuzj;ijf;

fye;JiuahLf.

 ntg;gepiy NtWghl;ilg; gUkl;lhff; fUj;jpw;nfhz;L jhf;f ntg;gj;Jf;F mika

fUj;jpw;nfhs;sg;gl;l jhf;fj; njhliu vOJf.

 jhf;fq;fSf;fhd ntg;gepiy tupg;glj;ijf; fl;bnaOg;Gf

nra;Kiwg; gupNrhjid  - 6

mfntg;g> Gwntg;g jhf;fq;fs; rpytw;iw tha;g;Gg;ghu;j;jy;
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Nju;r;rp 06 : ntg;g ,urhadtpay; njhlu;ghd mbg;gil vz;zf; fUf;fis

Ma;e;jwpthu;.

gupNrhjid: 03 jhf;f ntg;gj;ijg; gupNrhjid uPjpahfj; Jzpjy;

cjh:  NaOH, HCl Mfpatw;Wf;fpilapyhd jhf;fntg;gj;ijj;

jPu;khdpj;jy;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

² 2.5 mol dm-3  Nrhbak; Ijnuhl;irl;Lf; fiury; my;yJ 2.0 mol dm-3

² nghw;whrpak; Ijnuhl;irl;Lf; fiury;. 50cm3

² 2.0 mol dm-3  iej ;j pu pf ;fkpyk ; 50cm3 my;yJ 2.0 mol dm-3

IjNuhFNshupf;fkpyk; 50cm3

² 250 cm3 nu[pNghk; fpz;zq;fs; (cups) 2

² 50 cm3 msTr;rhbfs; 2

² 0-100 
0C mstpil tPr;Rf; nfhz;l ntg;gkhdp

Nfhl;ghL:

² jhf;fj;jpd; jhf;f ntg;gj;ij Nrhjid uPjpahfj; JzpAk; tpjj;ijg; gUkl;lhf

tpsq;fpf; nfhs;sy;.

Kiw:

² nu[pNghk; fpz;znkhd;wpy;; 2.0 mol dm-3  Nrhbak; Ijnuhl;irl;L fiury; 50cm3

,id mse;J mjd; ntg;gepiyiaf; (t
1
) Fwpj;Jf; nfhs;f.

² ;kw;WnkhU nu[pNghk; fpz;zj;jpy; 2.0 mol dm-3 HCl mkpyk;; 50cm3 I mse;J

mjd; ntg;gepiyiaf; (t
2
) Fwpj;Jf; nfhs;f. (fhuf; fiurypd; ntg;gepiyia

mse;j gpd;du; mkpyf; fiurypd; ntg;gepiyia mstpl Kd;du; ntg;gkhdpiaf;

fOtpf; nfhs;f)

² xU nu[pNghk; fpz;zj;jpy; cs;s fiuriy kw;iwajpDs; xNujlitapy;

Nru;j;J fyf;fpf; fpilf;Fk; cr;r ntg;gepiyiaf; (t
3
) Fwpj;Jf; nfhs;f. ntg;gf;

flj;jpypg; nghUshyhd fyf;fpnahd;wpdhy; fiuriyf; fyf;fyhk;.

fye;Jiuahly; :

gpd;tUk; gbKiwfSf;fika ntg;gkhw;wj;ijf; fzpf;f.

t
1, 

t
2 
Mfpad rkdhff; fhzg;gltpy;iynadpy; mt;ntg;gepiyfspd; ruhrupg;

ngWkhdj;ij t
 
 ftdj;jpw;nfhs;f. fiurypd; mlu;j;jpia 1 gcm-3  vdf; nfhs;f.

fiury;fspd; ntg;gf; nfhs;ssT (c& 4.2 Jg-1 K-1 If; nfhs;f.

(i) a.  ,Wjpapy; fpilf;Fk; fiurypd; fdtsT =  ..........cm3

b.  fiurypd; jpzpT =  .......... g

c.  ntg;gepiy NtWghL  (t
3
 -t

1
)  t =   oC

d.  jhf;fj;jpd;NghJ ntg;gepiy khw;wk; m.c  t =

=   J

=   kJ

(ii) a. 2mol dm-3 Nrhbak; Ijnuhl;irl;L fiurypd; fdtsT = cm3

b. 2mol dm-3 IjNuhFNshupf;fkpyj;jpd; fdtsT = cm3

nra;Kiwg; gupNrhjid - 7

jhf;fntg;gj;ijg; gupNrhjiduPjpahfj; Jzpjy;
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c. Nrhbak; Ijnuhl;irl;L %y;fspd; vz;zpf;if = mold

d. IjNuhf; FNshupf;fkpy %y;fspd; vz;zpf;if = mol

(iii) NaOH(aq)  + HCl (aq)                NaCl(aq) +H
2
O (l)

  1 %y; Nrhbak; Ijnuhl;irl;L 1 %y; IjNuhf; FNshupf; mkpyk;

Mfpad jhf;fkile;J 1 %y; ePu;> 1%y; NaCl  Mfpad cUthFk;.

,e;jj;jhf;fj;Jf;F mika HCl %y; vz;zpf;iff;F rkdhd vz;zpf;if

NaOH %y;fSld; jhf;fkile;J mNjasthd %y; ePu; cUthFk;NghJ

Vw;gLk; ntg;gkhw;wk;. (KjyhtJ gbKiwapy; fzpf;fg;gl;Ls;sJ.)

(iv) jhf;fj;Jf;F mika HCl, NaOH %y; msTfs; jhf;fKWk;NghJ Vw;gLk;

ntg;gkhw;wk;  (i)  d. apy; fzf;fplg;gl;Ls;sJ.

fye;Jiuahly;:

 ;;jhf;f ntg;gk; vd;why; vd;d vdf; fye;Jiuahly;.

 ntg;gkhdp gbtFf;if nra;ag;gLk; tpjj;ij kPsTk; Qhgfg;gLj;Jf.

 vLNfhs;fspd; ,d;wpaikahik> vupnghUspd; ntg;g rf;jpapd; msT Mfpad

gw;wpf; fye;JiuahLf.

Fwpg ;G:

 gupNrhjidf;nfdg; gad;gLj;jg;gl;l vy;yhf; fiury;fsJk; mlu;j;jp> jd;ntg;gf;

nfhs;ssT Mfpad ePupd; mlu;j;jp> jd;ntg;gf; nfhs;ssT Mfpatw;Wf;Fr;

rkkhdnjdf; fUJf.

 nu[pNghk; ghj;jpuj;jpdhy; cwpQ;rg;gLk; ntg;gk; kpff; FiwthFk;. mt;thNw

jhf;fk; tpiuthf eilngWk;. MfNt> fzpj;jy;fis vspjhf Nkw;nfhs;tjw;F

ghj;jpuj;jpdhy; mfj;JwpQ;rg;gl;l ntg;gk; kw;Wk; #oYf;fhd ntg;g ,og;G

Gwf;fzpf;fj;jf;fJ vdf; fUjg;gLk;.

 xd;wpDs; kw;nwhd;whf ,uz;L nu[pNghk; fpz;zq;fspy; ,l;L ,;g;gupNrhjidia

elj;JNthkhapd; fpilf;Fk; ngWNgW Fwpj;J cq;fsJ fUj;J ahJ? mjw;fhfg;

gpd;tUk; khw;wq;fisr; nra;f.

(1) 2.0 mol dm-3   (M) HCl my;yJ   HNO
3
 fiury; 50cm3

 2.5 mol dm-3     (M) NaOH  fiury; my;yJ   NaOH fiury; 50cm3

        mc (t
3 
- t

1
) x 1   J

jhf;fkile;j HCl my;yJ

NaOH %y;fspd; vz;zpf;if

NaOH, HCl Mfpatw;Wf;
fpilapyhd jhf;fntg;gk;

=

ntg;gkhdp

fhl;Nghl;

nu[pNghk;

fpz;zk;

ntg;gf; fhtypf; fyf;fp

(gUF Foha;)
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nra;Kiwg; gupNrhjid - 8

fyit Kiwapy; ePupd; Mtpahjypd; jd;kiwntg;gj;ijj; Jzpjy;

;

Nju;r;rp 10 : ntg;gk; njhlu;ghd mwpit ehshe;jf; fUkq;fSf;fhfTk;

tpQ;QhdG+u;tf; fUkq;fSf;fhfTk; gad;gLj;Jthu;.

Njitahd nghUl;fs;> cgfuzq;fs;:

 fyf;fp mlq;fpAs;s fNyhupkhdp

 ntspg; ghj;jpuk;

 ntg;gkhdp

 nfhjpePuhtpg; gpwg;ghf;fp

 nfhjpePuhtpg; nghwp

 Kj;Jyhj; juhR / ehw;Jyhj; juhR> ,yj;jpudpay; juhR

 Kf;fhyp

 gd;rd; RluLg;G

 fk;gp tiy

Nfhl;ghL : #oYf;F ntg;g ,og;G epfohj NghJ>

 nfhjpePuhtp ntsptpl;l ntg;gk;  }  ePUk; fNyhupkhdpAk; ngw;w ntg;gk;

   nfhjpePuhtp ntsptpl;l ntg;gk; } nfhjpePuhtp 100 0C apy; cs;s ePuhf

khw;Wtjw;fhf ntsptpl;l kiwntg;gk;

+ 100 0C  ePu; ,Wjp ntg;gepiyia

miltjw;fhf ntsptpl;l ntg;gk;

fNyhupkhdp

fhtypg;nghUs; (gQ;R)

ePu;

nfhjpePuhtpg; nghwp

nfhjpePuhtpg;

gpwg;ghf;fp

 mKf;ff;fl;Lg;ghl;Lf; Foha;

 jhiuf;Foha;

fd;dhu;j;jfL
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Kiw :  glj;jpy; fhl;bAs;sthW nfhjpePuhtp gpwg;ghf;fpia Kf;fhyp kPJ

itj;J mjDld; nfhjpePuhtpg; nghwpia ,izf;Ff.

 gd;rd; RluLg;ig vupar; nra;J> nfhjpePuhtpg; gpwg;ghf;fpapy; cs;s

ePiuf; nfhjpf;fr; nra;f. mt;Ntisapy; ntWq; fNyhupkhdpapd;

jpzpitAk; ePu; Nru;f;fg;gl;l (fdtstpd; 
2

3
 gFjp tiu) fNyhupkhdpapd;

jpzpitAk; juhirg; gad;gLj;jp mse;J nfhs;f.

 fNyhupkhdpia fhtypapdhy; kiwg;gpl;L> mjpy; mlq;fpAs;s ePupd;

njhlf;f ntg;gepiyia #oy; ntg;gepiyiatpl Vwj;jho 50C
Fiwthd ntg;gepiyapy; itj;jpUf;Ff.

 nfhjpePuhtpg; nghwpapypUe;J tUk; cyu; nfhjpePuhtpia ePupd; Nkw;gug;gpy;

glr;nra;J> fyf;fpapdhy; fyf;fpathW ePupd; ntg;gepiy #oy;

ntg;gepiyia tpl Vwj;jho   50C ,w;F caUk; tiu ntg;gepiyiar;

Nrhjpf;Ff>

 gpd;du; nfhjpePuhtp mDg;Gtij epWj;jp fyitapd; ,Wjp

ntg ;ge piyiaAk ; ,Wj pj ; j pzpitAk ; mse ;Jnfhs ;f .

mt;thrpg;Gf;fisf; nfhz;L Nfhl;ghl;bd;gb> ePupd; Mtpahjypd; jd;kiw

ntg;gj;ijj; Jzpayhk;.

thrpg;Gf;fSk; fzpj;jYk; :

² fyf;fpAld; ntWk; fNyhupkhdpapd;; jpzpT m
1
= ............

² ePu;> fyf;fpAld; fNyhupkhdpapd; jpzpT m
2
= ............

² ePupd; Muk;g ntg;gepiy θ 1
= ............

² fyitapd; ,Wjp cr;r ntg;gepiy θ 2
= ............

² nfhjpePuhtp fyf;fg;gl;l gpd;du; fNyhupkhdpAldhd

fyitapd; jpzpT m
3
= ............

² nfhjpePuhy; ntsptpl;l ntg;gk; = ePUk; fNyhupkhdpAk; ngw;w ntg;gk;.

² nfhjpePuhtp ntsptpl;l ntg;gk;                       =  (m
3
-m

2
) [L +Cw (100-θ 2

)]

² ePu; ¬ fNyhupkhdp Mfpad ngw;w

ntg;gk;                                            =  [m
1
C +(m

2
-m

1
)Cw] (θ 2

-θ 1
)

(m
3
-m

2
) [L+ Cw (100-θ 2

) ] = [ m
1
C + (m

2
-m

1
) Cw]  (θ 2

-θ 1
) ,jpypUe;J L Ij; Jzpayhk;

C    - fNyhupkhdp jputpaj;jpd; jd;ntg;gf; nfhs;ssT

Cw - ePupd; jd;ntg;gf; nfhs;ssT

ngWNgW :

 ePupd; Mtpahjypd; jd;kiwntg;gk;  (L) = .............. J kg -1

1000C,y; cs;s ntg;gk;

,Wj p ntg ;g e piyia

miltjw ;F ntsptpl ;l

ntg;gk;.

1000C nfhjpePuhtp

1000C Mf khWtjw;F

ntsptpl;l ntg;gk;

 
 

=+
e PUk ; fNyhu p

khdpAk; ngw;w

ntg;gk;
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fye;Jiuahly; :

 ngWNgw;wpd; nrk;ikia> Mtpahjypd; jd;kiwntg;g cz;ikg;

ngWkhdj;Jld; xg;gpLf.

 ngWNgw;wpd; nrk;ikapd;ghy; nry;thf;Fr; nrYj;Jk; fhuzpfis

ntspf;nfhzu;f.

mjw;fika> nfhjpePuhtpg; nghwpapd; mtrpak;> #oTk; fhtypaplg;gLtjd;

mtrpak;> Muk;g ntg;gepiyia miwntg;gepiyapYk; 50C Fiwthf
vLj;jypd; mtrpak;.

 fNyhupkhdpf;Fk; nfhjpePuhtpg; gpwg;ghf;fpf;Fk; ,ilNa fd;dhu;j; jfnlhd;W

itg;gjd; mtrpak;. Mfpatw;iw ntspf;nfhzu;f.

Fwpg;G :

 A Fohapd; fPo;me;jk;> ePupDs; mikAkhW glj;jpy; fhl;bAs;sthW itj;jy;

Ntz;Lk;. Foha; ePsk; $bajhf ,Uj;jy; Ntz;Lk;. nfhjpePuhtpapd;

mKf;fj;ijf; fl;Lg;gLj;jTk; tpgj;Jf;fs; Vw;gLtijj; jtpu;f;fTk; ,J

JizahFk;.

 ePupd; njhlf;f ntg;gepiyahdJ #oy; ntg;gepiyia tplf; Fiwthd

ngWkhdj;ijf; nfhz;bUf;Fk;NghJ mJ gdpgLepiyia tpl cau;thd

ngWkhdkh vd;gJ Fwpj;Jf; ftdQ; nrYj;Jjy; Ntz;Lk;.
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Nju;r;rp 10 : ntg;gk; njhlu;ghd mwpit ehshe;jf; fUkq;fSf;fhfTk;

tpQ;QhdG+u;tf; fUkq;fSf;fhfTk; gad;gLj;Jthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

rkkhd ,ilntspfspy; ((10cm) FilTfsplg;gl;l NtWgl;l ntg;gf;

flj;jhWs;s cNyhff; Nfhy;fs;> (2cmx2cm  FWf;F ntl;Lk; 70 cm

ePsKk; nfhz;lit)> nghypj;ijuPd; (nu[pNghk;) Jz;Lfs;>

ntg;gkhdpfs; (00 -100 0 C) 5 > krnfz;nza; rpwpjsT> gd;rd;

RluLg;G.

Nfhl;ghL : fhtyplg;gl;l Nfhnyhd;wpy; epj;jpa epiyikapy; ntg;gk;

flj;jg;gLk;NghJ ntg;gg; gbj;jpwd; khwhJ fhzg;gLk;.

Kiw :  cNyhff; Nfhypd; FilTfspDs; rpwpjsT tPjk; krnfz;nza; ,Lf.

 glj;jpy; fhl;bAs;sthW cNyhff; Nfhiy ];iuNuhNghkpdhy; my;yJ

NtW nghUj;jkhd xU fhtypg; nghUspdhy; (Xu; me;jj;jpy; Vwj;jho 20

nrd;upkPw;wu; ePskhd gFjp jpwe;jpUf;FkhW) kiwg;gpl;Lf; nfhs;f.

 FilTfspDs; ntg;gkhdpf;Fkpiog; GFj;jp A me;jj;ij gd;rd;

RluLg;gpdhy; ntg;gNkw;Wf.

 ntg;gkhdp thrpg;Gf;fs; epj;jpa epiyia mile;j gpd;du;> mt; thrpg;Gf;fisg;

gjpTnra;J> A   me;jj;jpypUe;J mt;tt; ntg;gkhdp tiuapyhd J}uq;fis

mse;J Fwpj;Jf; nfhs;f.

 ePsj;Jf;Fr; rhu;ghf ntg;gepiy thrpg;Gfis tiuGgLj;Jf. tiuG

Neu;Nfhlhf miktjdhy; ntg;gg; gbj;jpwd; khwpyp vd mwpe;J nfhs;syhk;.

thrpg;Gf;fSk; fzpj;jYk; :

nra;Kiwg; gupNrhjid - 9

fhtyplg;gl;Ls;s cNyhff; Nfhnyhd;wpD}Nl ntg;gk;
flj;jg;gLk;NghJ epfOk; ntg;gg; guk;giyf; fw;wha;jy;

nghypj;ijuPd; kiwg;G

cNyhff;

Nfhy;

ntg;gkhdp thrpg;G (0C)   ...........  ...........  ...........  ...........   ...........   ...........

Kid A apypUe;J J}uk;(cm)  ...........  ...........  ...........  ...........   ...........   ...........
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    tiuG Neu;Nfhlhf miktjhy; ntg;gepiyg; gbj;jpwd; 
1 2

l

 


 ntt;NtW jputpaq;fspdhyhd Nfhy;fspidg; gad;gLj;jp ,t;thwhd

gupNrhjidia kPz;Lk; nra;J Kd;ida Ms;$w;Wj; jsj;jpy;

tiuGgLj;Jtjd; %yk; ntg;gf; flj;jhWf;fika ntg;gepiy gbj;jpwd;

khWgLk; vd;gijf; fhl;lyhk;.

ngWNgW :

 fhtyplg;gl;l Nfhnyhd;W epj;jpa epiyapy; cs;sNghJ mjd;

ntg;gepiyg; gbj;jpwd; (Nfhypd; topNaahd) khwpypahff; fhzg;gLk;.

 ntg;gf; flj;jhW mjpfk; nfhz;l jputpaq;fspd; ntg;gepiyg; gbj;jpwd;

Fiwthf ,Ug;gJld; ntg;gf; flj;jhW Fiwthd jputpaq;fspy;

ntg;gepiyg; gbj;jpwd; mjpfkhFk;.

fye;Jiuahly; :

 cNyhff;Nfhypd; FilTfspDs; cuha;TePf;fy; vz;nza; rpwpjsit

,Ltjd; %yk; ntg;gkhdpf;Fkpo; Nfhypd; ntg;gepiyia miltJ

,yFthtjhy; tOitf; Fiwf;fyhk; vdf; fhl;Lf.

Fwpg;G :

 Rthiyf;F mz;ikapYs;s KidapypUe;J rw;Wj; J}uk; tiu ntg;gf;

fhtypia ,lhJ jpwe;J itg;gjd; %yk; KjyhtJ ntg;gkhdpapd;

ntg;gepiyia nghUj;jkhd xU tPr;rpDs; Ngzyhk;.

A me;jj;jpypUe;J

J}uk; ^cm&

ntg;gepiy

θ
1

θ
2

l

0 C
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Nju;r;rp 11 : ,urhadj; jhf;fnkhd;wpd; jhf;ftPjj;jpy; nry;thf;Fr; nrYj;Jk;

fhuzpfisj; Jzpthu;.

1. jhf;fnkhd;wpd; tPjj;jpd;ghy;

(i) jhf;fpfspd; ngsjpfj; jd;ik

(ii) njhFjpapd; ntg;gepiy

(iii) jhf;fpfspd; nrwpT.

(iv) Cf;fpfs;.

Mfpa fhuzpfs;  nry;thf;Fr; nrYj;Jfpd;wikia tpsq;fpf;nfhs;sy;.

2. ahjhapDk; xU fhuzpapd; nry;thf;fpidf; fw;whAk;NghJ kw;iwa

fhuzpfs; khwpypahf ,Uf;f Ntz;Lk; vd;gij tpsq;fpf; nfhs;sy;.

jhf;ftPjj;jpy; jhf;fpfspd; ngsjpfj; jd;ikapd; nry;thf;fpidf; fw;wha;jy;.

(m) cNyhf / mkpy jhf;fk;

Njitahd nghUl;fSk; cgfuzq;fSk; :

 rpq;Fj; (Zn) Jz;Lfs;

 rpq;Fj;; (Zn) J}s; (kpfr; rpwpa Jz;Lfs;)

 Nrhjidf; Foha;fs;

 1.0 mol dm-3 IjNuhf;FNshupf;fkpyk;

Kiw :  rpq;Fj; Jz;Lfs; (Zn), rpq;Fj; J}s; Mfpatw;wpy; rkjpzpit (Vwj;jho

1 fpuhk;) epWj;njLj;J ntt;Ntwhf ,uz;L Nrhjidf; Foha;fspy; ,Lf.

 gpd;du; rpq;F cNyhfk; (Zn) mkpOkhW 1.0 mol dm-3  IjNuhf;FNshupf;

mkpyk; rkfdtsT tPjk; Vffhyj;jpy; ,uz;L Foha;fspYk; ,l;L Fkpopfs;

ntspNaWk; tPjq;fis xg;gpLf.

(M) fhgNdw;W / mkpy jhf;fk;

Njitahd nghUl;fs;

fy;rpak; fhgNdw;W (CaCO
3
) (ryitf;fy;) fl;bfs;

fy;rpak; fhgNdw;W (CaCO
3
) (ryitf;fy;) J}s;

1.0 mol dm-3   IjNuhf;FNshupf ;fkpyk;

nra;Kiwg; gupNrhjid - 10

,urhadj; jhf;fnkhd;wpd; jhf;ftPjj;jpy; nry;thf;Fr;  nrYj;Jk;
fhuzpfisf; fw;wha;jy;
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Kiw :  ,uz;L Nrhjidf; Foha;fspy;> ntt;Ntwhf rkjpzpT 
 
fy;rpak; fhgNdw;Wj;

Jz;LfisAk;> J}isAk; ,Lf.

,f ;Foha ;fs ; ,uz;bYk ; ntt ;Ntwhf 1.0 mol dm-3  IjNuhf ;

FNshupf;fkpyk;; rk fdtsTfis Vffhyj;jpy; ,Lf.

 ve;jf; Fohapy; Fkpo; ntspNaw;wk; tpiuthf epfOfpd;wJ vd mtjhdpf;f.

 tpdhfpup> CaCO
3 
 Mfpatw;iwg; gad;gLj;jpAk; ,g;gupNrhjidia elhj;jyhk;.

,jidr; nra;J fhl;Lf.

fye;Jiuahly;:

 Nkw;gb ,uz;L gupNrhjidfspYk; J}shf;fpa nghUl;fs; ,lg;gl;l

Foha;fspy; Fkpo;fs; ntspNaWk; tPjk; cau;thdJ vd;gij mtjhdpf;fyhk;.

 xt;nthU re;ju;g;gj;jpYk; rkfdtsT mkpyKk; rkjpzpT CaCO
3

gad;gLj;jg;gl;bUg;gpd; jhf;fk; Kw;Wg; ngWtjw;Fr; nrythFk; Neuj;Jf;Fk;

jhf;f tPjj;Jf;Fk; ,ilapyhd njhlu;G vt;thW mikAk; vdf;

fye;JiuahLf.

Fwpg ;G:

 Nkw ;gb gupNrhjidfspd;NghJ epfOk; jhf ;fq ;fs; Gwntg ;gj ;

jhf;fq;fshifahy; ntg;gepiyf; fhuzp Kw;WKOjhf khwpypahf

fhzg;glkhl;lhJ.

fy;rpak; fhgNdw;W - mkpyj; jhf;fj;Jf;fhd mkpykhf ry;g+upf;fkpyj;ijg;

gad;gLj;j KbahJ. fhgNdw;wpd;kPJ fiuAe;jd;ikaw;w fy;rpak;

ry;Ngw;Wg;gil gbtjd; tpisthf jhf;fk; jilg;gLtNj mjw;fhd

fhuzkhFk;.

ntg;gepiyapd; nry;thf;fpid fw;wha;jy;

(m) mkpy nghw;whrpak; Ngu;kq;fNdw;Wf;Fk;; (KMnO
4
) ,Uk;Gf;Fk; (Fe) ,ilapyhd

jhf;fk;.

Njitahd nghUl;fSk; cgfuzq;fSk;.

 nghw;whrpak; Ngu;kq;fNdw;Wg; gspq;Ffs;;

 mz;zsthf  2.0 mol dm-3 ry;G+upf;fkpyk;

 rk msthd ,Uk;gG Mzpfs; 2

 nrwpthd HCl IjNuhf;FNshupf; mkpyk;

 nfhjpFoha;fs;

Kiw:

 xd;Wf;nfhd;W rkkhd ,uz;L ,Uk;G Mzpfisg; ngw;W IjNuhf; FNshupf;

mkpyf; fiurnyhd;wpDs; ,l;L rpwpJ Neuk; itj;jpUf;f. Mzpfis ePupy;

fOtp cyu;j;jpagpd; muj;jhspdhy; cuha;Q;rp Rj;jpfupj;Jf; nfhs;f. ,Uk;G
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Mzpfisr; Rj;jpfupf;Fk;NghJ. mtw;wpd;kPJ G+rg;gl;Ls;s rpq;Fg;gil Kw;whf

ePq;FkhW Rj;jpfupj;jy; Ntz;Lk;. nfhjpFohia vLj;J mjpy; ghjpasT

epuk;Gk; tiu ePupl;L ngw;whrpak; Ngu;kq;fNdw;Wg; gspq;Ffs; ,uz;il (nrhw;g

msit) ,l;Lf; fiuf;Ff. mf;fiurYld; Ijhd ry;G+upf;fkpyk; Jkpj;j>

rkkhd ,uz;L fdtsTfs; fpilf;FkhW ,uz;L nfhjpFoha;fspy;

,l;Lf;nfhs;f. gpd;du; xt;nthU FohapYk; Rj;jpfupj;j ,Uk;ghzp xt;nthd;iw

Vffhyj;jpy; ,Lf. mtw;Ws; xU Fohia khj;jpuk; ntg;gNkw;Wf. ve;jf;

Fohapy; cs;s fiury; Kjypy; epwePf;fkilfpd;wJ vd mtjhdpf;Ff.

(M) mkpye;Jkpj ;j nghw ;whrpak; Ngu ;kq;fNdw;Wf;Fk; (KMnO
4
) xl;rhypf ;

mkpyj;Jf;Fk; ,ilapyhd jhf;fk;.

Njitahd nghUl;fs;

 NkNy (m) tpy; gupNrhjid jahupj;jJNghd;W jahupj;j mkpye;Jkpj;j

nghw;whrpak; Ngu;kq;fNdw;Wf; fiury;.

 xl;rhypf;fkpyg; gspq;Ffs; (Nrhbak; xl;rNyw;Wg; gspq;Ffs; rpwpjsT)

 nfhjpFoha;fs; rpy.

Kiw :

 mkpyk; Jkpj;j nghw;whrpak; Ngu;kq;fNdw;Wf; fiurypd; rk fdtsTfis

,uz;L  nfhjpFoha;fspy; ,l;Lf;nfhs;f. kw;WnkhU nfhjpFohapy; ghjpasTf;F

ePupl;L mjDs; Vwj;jho xU fpuhk; xl;rhypf;fkpyg; gspq;Ffs; Nru;j;Jf;

fiuj;J rkkhd ,uz;L fdtsTfshfg; gpupj;Jf;nfhs;f. ,e;j ,uz;L

Foha;fspYk;> nghw;whrpak; Ngu;kq;fNdw;Wf; fiurypd; rk fdtsTfis

Vffhyj;jpy; Nru;f;Ff. mjDs; xU Fohia khj;jpuk;  ntg;gNkw;Wf. ve;jf;

Fohapy; cs;s fiury; Kjypy; epwePf;fkilfpd;wJ vd mtjhdpf;Ff.

fye;Jiuahly;:

 Nkw;gb gupNrhjidfspy; ntg;gepiy mjpfupf;Fk;NghJ epwePf;fk; Jupjkhf

epfOfpd;wikia mtjhdpf;f Kbfpd;wJ. epwePf;fk; epfOtjw;nfdpd;

nghw;whrpak; Ngu;kq;fNdw;W mad;fs; KOtJk; jhf;fKw;W Kbtile;jpUj;jy;

Ntz;Lk;. (Nru;f;fg;gl;l ry;G+upf;fkpyj;jpd; msT Nghjpajhfhjtplj;J fiury;

fgpyepwkhFk;)

 - + 2+ 3+
4 23MnO aq +5Fe(s)+24H (aq) 3Mn (aq)+5Fe (aq)+12H O(l)

,q;F 2+Fe(s) Fe (aq)  xl;rpNaw;wkile;J

NkYk; 2+ 3+Fe (aq) Fe (aq)  Mf xl;rpNaw;wkilAk;.

2- - + 2+
2 4 4 2 25C O (aq)+2MnO (aq)+16H (aq) 2Mn (aq)+10CO (g)+8H O(l)

Nkw;gb ,uz;L jhf;fq;fspYk; tpisthfj; Njhd;Wk; kq;fdPR mad;fs; mNj

jhf;fj;jpy; Cf;fpahfj; njhopw;gLk;. ,J jd;D}f;fp vdg;gLk;.
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jhf;fnkhd;wpd; tPjj;jpy; nrwptpd; nry;thf;fpidf; fw;wha;jy;

(m ) tpdhfpup> CaCO
3
 Mfpatw;Wf;F ,ilapyhd jhf;fk;.

Njitahd nghUl;fSk; cgfuzq;fSk;.

² nfhjpFoha;fs; rpy

² tpdhfpup (my;yJ NtW mkpyf;) fiury; vwj;jho 250 cm3

² CaCO
3
(s) J}s;

² msf;FQ;rhb (100 cm3)

² Kfitfs; rpy

² ntg;gkhdp

Kiw:

² tpdhfpup fiurypd; 10 cm3 cld; 90 cm3 ePu; Nru;j;Jf; fiuj;J Ijhf;fpf;

nfhs;f

² Ijhd tpdhfpupf; fiurypd; 10 cm3 cld; kPz;Lk; 90 cm3 ePu; Nru;j;Jf;

fiuj;Jf;nfhs;f.

² CaCO
3 
J}s; 1 fpuhk; tPjk; ,uz;L nfhjpFoha;fspYk; ,l;Lf;nfhs;f

² xU nfhjpFohapy; 10 klq;F Ijhf;fpa tpdhfpupf; fiurypd; 5 cm3  Nru;f;Ff.

² CaCO
3 
 mlq;fpAs;s kw;iwa nfhjpFohapy; 20 klq;;F Ijhf;fpa tpdhf;fpup

fiury; 5 cm3 Nru;f;Ff.

² tspf;Fkpopfs; ntspNaWk; tPjj;ij mtjhdpf;Ff.

fye;Jiuahly;

² tpdhf;fpupf; fiuriy NkYk; Ijhf;fp> gupNrhjidia elhj;jp tspf;Fkpopfs;

ntspNaWk; tPjj;ij mtjhdpf;Ff.

² 20 klq;F Ijhf;fpa tpdhfpupf; fiurYld; CaCO
3 
Nru;f;fg;gl;l nfhjpFohia

ntg;gNkw;Wk;NghJ ahJ epfOk;?

² tpdhfpupapYs;s Nrjdmkpyk; ahJ  vd mwpKfQ; nra;f. mjd; cw;gj;jpr;

nrad;Kiwiaj; NjbawpAkhW khztUf;F Mu;t%l;b topg;gLj;Jf.

Fwpg ;G:

² td;dPu; fhuzkhf CaCO
3
/Mg CO

3
 gbe;Js;s ePu; tbfl;bnahd;wpidr;

Rj;jpfupg;gjw;fhf Nkw;gb tpdhfpup CaCO
3  
jhf;fj;ijg; gad;gLj;jj;jf;f

rhj;jpag;ghl;il tpsf;Ff.

jhf;ftPjj;jpd;ghy; Vftpd> gy;ypd Cf;fpspd; nry;thf;iff; fw;wha;jhy;

Njitahd nghUl;fSk; cgfuzq;fSk;.

² 3% H
2
O

2
 fiury; 20 cm3

² kq;fdPrPnuhl;irl;Lj; J}s;> rpwpjsT (Vwj;jho 1 fpuhk;)

² Nrhbaikjnuhl;irl;Lf; fiury; rpwpjsT

² jputepiyr; rtu;f;fhuk; Vwj;jho 50 cm3
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Kiw

² ,uz;L nfhjpFoha;fspy; 3% H
2
O

2
  fiurypd; 10 cm3 tPjKk; jput epiyr;

rtu;f;fhuk; 10 cm3 tPjKk; ,l;Lf;nfhs;f.

² mtw;Ws; xU Fohapy; khj;jpuk; MnO
2
 Nru;j;J mtjhdpf;Ff

² jhf;fpfSk; Cf;fpfSk ntt;NtW mtj;ijfspy; cs;sikahy; ,J gy;ypd

Cf;fyhFk;.

² Kd;du; Nghd;Nw ,uz;L Foha;fspYk; 3%H
2
O

2
 10 cm3 tPjKk; jputepiyr;

rtu;f;fhuk; 10 cm3 tPjKk; Nru;f;f. mtw;Ws; xU Fohapy; NaOH fiury;

rpwpjsT Nru;f;Ff.

² jhf;fpfSk; Cf;fpfSk; xNu mtj;ijapy; cs;sikahy; ,J Vftpd

Cf;fyhFk;.

ngWNgW:

² mg;NghJ NaOH Nru;f;fg;gl;l FohapypUe;J tpiuthf xl;rprd; ntspNaWtij
mtjhdpf;fyhk;

fye;Jiuahly;

² Cf;fpfs; fhuzkhf jhf;fg; nghwpKiw khw;wkilfpd;wikia tpsf;Fjy;.

² capu;Kiwikfspy; capupay; Cf;fpfs; fhzg;gLfpd;wikiaAk; capupay;

Cf;fpfs;  kPJ ntg;gepiy mjpfstpy; nry;thf;Fr; nrYj;Jfpd;wikiaAk;

fye;Jiuahly;.

² ifj;njhopy;fspy; Cf;fpg;; gad;ghl;bd; Kf;fpaj;Jtj;ij tpsf;Ff.

Fwpg ;G:

² MnO
2   

,  NaOH Mfpatw;Wf;Fg; gjpyhfg; gad;gLj;jj;jf;f> md;whl tho;tpy;

fhz;fpd;w Cf;fpfisg; gpNuupf;Ff.

² Cf;fpfs;> jhf;fpfs; Mfpatw;wpd; ngsjpfepiyf;fika Cf;fpfis

Vftpdkhdit> gy;ypdkhdit vdg; gpupj;Jf; fhl;lyhk; vd;gijf;

fye;JiuahLf.

² Cf;fpfs; gad;gLk; ifj;njhopy;fs; gw;wpa tplaq;fisf; fye;JiuahLf.
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Nju;r;rp 12: gy;gFjpag; gjhu;j;jq;fis Ma;e;jwpthu;.

ntg;gj;jpd; Kd;dpiyapy; tPl;Lg; ghtid gpshj;jpf;Fg; gjhu;j;jq;fspd;

Nrhjid

Njitahd nghUl;fSk; cgfuzq;fSk;.

 100 ml fdtsTila Kfitfs; ,uz;L

 ntg;gkhdp (300 0C cr;r ntg;gepiy mstPLnfhz;l)

 fz;zhbf;Nfhy;

 300 0C tiu ntg;gkhf;ff;$ba gutPd;

 Kf;fhyp

 4 cm mfyKk; 12 cm ePsKk; nfhz;l nrg;Gj; jfLfs; ,uz;L

 4 cm ePs mfyk; nfhz;l nky;ypa nghypvjpyPd; (PE) nghypGnuhg;gyPd;
(PP) khjpupfs; ,uz;L.

Nfhl;ghL:

 gpshj;jpf;Fg; nghUl;fs; ,sfp nkd;ikahFk; ntg;gepiyAk; cUFk;

ntg;gepiyAk; ntt;NtWgl;lit vd;gijAk; mg;nghUl;fspd; xl;Le;jd;ik

NtWgLk; vd;gijAk; ,dq;fhzy;.

Kiw:  Kjypy; nrg;Gj; jfl;bid   tbtj;jpy; Mf;fpf; nfhs;f.

 100 ml Kfitapd; mbapypUe;J 3.5cm tiu jput gutpd; nkOif

epug;gpf;nfhs;f. mjDs; glj;jpy; Nghd;W  tbtj; jfl;bid

cl;nrYj;Jf.

  ,e;j Kfitia Kf;fhypapd;kPJ itj;J ntg;gkhdpiaj; jhq;fpapy;

nghUj;jpf;nfhs;f.

  Nkilapd;kPJ xU jlitapy; xU khjpupia itf;fTk;. gd;rd; RluLg;gpd;

%yk; nkJthf #lhf;fTk;.

 xt;nthU ,uz;L epkplq;fSf;Fk; xU jlit ntg;gepiyia

mse;Jnfhs;f.

  fz;zhbf; Nfhypdhy; njhl;L khjpupapy; Vw;gLk; khw;wq;fis (,sFjd;ik>

xl;Le;jd;ik> cUFjy;) ,dq;fhz;f. mt;thwhd khw;wq;fisAk; epfOk;

ntg;gepiyfisAk;; Fwpj;Jf;nfhs;f.

Nkilapy; itf;fg;gl;l

khjpup

3.5cm

gutpd; nea;

kl;lk;.

4cm

4cm

Nkil

nra;Kiwg; gupNrhjid - 11

nntg;gj;jpd; Kd;dpiyapy; gpshj;jpf;Fg; gjhu;j;jq;fspd;

elj;ijiar; Nrhjpj;jy;
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 cr;rmsthf 250 0C tiu ntg;gNkw;Wf.

  gpd;du; Fspu;r;rpaila ,lkspf;fTk;. FspUk;;NghJ xt;nthU 5 epkplj;Jf;F

xUjlit ntg;gepiyia mse;Jnfhs;f. ntg;gepiyAld; khjpupapy;

Vw;gLk; ngsjpf khw;wq;fis  ,dq;fz;Lnfhs;f.

ngWNgW :

 Neuj;Jf;F vjpNu ntg;gepiy mjpfupj;jiyAk; Fspu;r;rpailjiyAk;

tiughf;Ff.

  ,e;j nghypvjpypd;> nghypGnuhg;gypd; khjpupfs;> ntt;NtW ntg;gepiyfspy;

fhl;Lk; NtWghLfis xg;gpLf.

fye;Jiuahly;.

  ,g;gupNrhjidfspy; cs;s FiwghLfis ,dq;fz;L> ,g;gupNrhjidia

Nkk;gLj;jj;jf;fKiwfs; gw;wpa gpNuuizfis MrpupaUld; ;

fye;JiuahLf.

 ntg;gj;jpd; Kd;dpiyapy; gpshj;jpf;Fg; nghUl;fspd; elj;ij gw;wpa

jfty;fs; eilKiwapy; Kf;fpaj;Jtk; ngWk; tpjj;ijf; fye;JiuahLf.

cjhuzkhf: mkpo;g;G ntg;gkhdpia ,l;L ePiuf; nfhjpf;fitg;gjw;fhfg;;

gpshj;jpf;Fg; ghj;jpuq;fs; gad;gLj;jy;.

RLePu; ,l;L itg;gjw;fhfg; gpshj;jpf;Fg; Nghj;jy;fisg; gad;gLj;jy;.

Kfit

gutpd;
nea;

ntg;gkhdp

nrg;Gj; jfL

Kf;fhyp
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Nrhjid : 2  ntg;gj;jpd; Kd;dpiyapy; tpNrl gpshj;jpf;Fg; gjhu;j;jq;fspd; elj;ij

Njitahd nghUl;fSk; cgfuzq;fSk; :

² Kfit> 100 ml nfhs;ssTilaJ.

² ntg;gkhdp (cr;r ntg;gepiy 300 0C)

² fz;zhbf;Nfhy;

² Kf;fhyp

² Nrhjidf;Foha;

² 5 cm ePs mfyKs;;s fz;zhbj;Jz;Lfs; ,uz;L

² nghypvjpy Pd ; (PVC) nghypGnuhg ;gy Pd ; (PP)

² nkOFjpup cw;gj;jpf;fhfg; gad;gLj;jg;gLk; gutpd; nkOF.

Nfhl;ghL:

²  gpshj;jpf;Fg; nghUs;fis> gha;e;J nry;yj;jf;f ntg;gepiyf;F ntg;gNkw;wpa

gpd;du; Njitahd tbtj;ijg; ngwyhk; vd;gijAk; mr;rpdJ Nkw;gug;gpd;

jd;ikf;Nfw;g> ghtidg; nghUl;fspd; Nkw;gug;gpdJ jd;ik jq;fpapUf;Fk;

tpjj;ijAk; fw;wha;jy;.

Kiw :

² kpfr; rpwpa Jz;Lfshf eWf;fg;gl;l  nghypj;jPd;/nghypGnuhg;gyPd; Vwj;jho
1 - 0.5 g fpuhik Nrhjidf; Fohapy; ,Lf.

² gutpd; vz;nza; mlq;fpa 100 ml Kfitapy; Nrhjidf; Fohia mkpo;j;jp.

jhq;fpapy; nghUj;Jf. ntg;gkhdpiaAk; jhq;fpapd; JizAld; epWj;Jf.

² gutpd; vz;nza; mlq;fpa  Kfitiag; gbg;gbahf ntg;gNkw;Wf.

² ntg;gNkw;Wk;;NghJ fz;zhbf;Nfhypdhy; nghypvj;jPd;/nghypGnuhg;gyPd;
ngsjpfj; jd;ik khWtij ,dq;fhz;f. mr;re;ju;g;gq;fspy; ntg;gepiyiag;

gjpTnra;Jnfhs;f

² khjpupg;nghUs; jputepiyia milAk;tiu ntg;gNkw;Wf. ntg;gepiy cr;r

msthf 270 0C tiu ntg;gNkw;Wf. jputkhFk; re;ju;g;gj;jpy; ntg;gepiyiaf;

Fwpj;Jf;nfhs;f.

² fz;zhbj; jl;bd;kPJ gutpd; nkOif nky;ypa gilahfg; gug;Gf. ,jw;fhff;

fz;zhbf;Nfhiyr; rw;Wr; #lhf;fp> gutpd; nkOifj; jputkhf;fp> fz;zhbj;

jl;bd; Nkw;gug;gpd;kPJ rPuhfg; gug;gpf;nfhs;f.

² jput epiyapYs;s nghypg;Gnuhg;gyPid fz;zhbj;jl;bd;kPJ XltpLf

(ghJfhg;Gf; Fwpj;J tpNrl ftdk; nrYj;Jf.)

² mj;jl;bd;kPJ kw;iwa fz;zhbj; jfl;il itj;J> ftdkhf mOj;Jf.

jputkhfpa nghypg;Gnuhg;gypd; fz;zhbj; jfLfspd; ,ilNa nky;ypa

gilahfg; guk;GkhW ,ad;wsT tpiuthff; ftdkhf mOj;Jf.

(,g;gupNrhjidapd;NghJ ghJfhg;Gf; ifAiw (Gloves) mzpe;jpUg;gJ

Kf;fpakhdJ.)
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² Fspu;e;j gpd;du; ,uz;L fz;zhbj; jl;Lf;fisAk; Ntwhf;fp nghypg;

Gnuhg;gyPd; khjpupiag; ngWf.

² nghypvjpypd; khjpup njhlu;ghfTk; ,t;thwhfNt gupNrhjidia elj;Jf.

ngWNgW :

² nghypGnuhg;gypd;> nghypvjpypd; PP,  PE khjpupfspd; ,yFthfj; jputkhFk;
jd;ik> fz;zhb Nfhyp;dhy; czug;gLk; nfl;bj;jd;ik Mfpatw;iw xg;gpLf.

ePq;fs; jahupj;j nghypGnuhg;gypd; (PP)> nghypvjpypd; (PE) ,  khjpupfspd;
Nkw;gug;gpd; xg;gkhd jd;ik> kpDkpDg;G> CLfhl;Lk; jd;ik Mfpa

,ay;Gfis xg;gpLf.

fye;Jiuahly;:

² ,g ;gu pNrhjidapy ; cs;s FiwghLfis ,dq ;fz;Lnfhs ;f .

,g;gupNrhjidia NkYk; tpUj;jp nra;tjw;fhd cq;fsJ gpNuuizfis

Kd;itf;f.

mg;gpNuuizfs; Fwpj;J MrpupaUld; fye;Jiuahb mtw;wpd; ntw;wp gw;wpf;

Nfl;lwpf.

² gpshj;jpf;Fg ; gz;l cw;gj ;jpapd;k PJ jputepiiyiaAk; Fiw

jpz;kepiyiaAk; ngWtjw;fhf nghUj;jkhd ntg;gepiy tiu

ntg;gNkw;Wtjd; Kf;fpaj;Jtj;ijf; fye;JiuahLf.

² jputepiy> Fiwjpz;k epiyfspd;NghJ cau; gpRf;Fik (Viscosity) fhuzkhf

ntg;gNkwpa ,j;jpzpit mKf;fj;ijg; gpuNahfpj;J mr;Rfspy; ghar;

nra;aNtz;Lk; vd;gijAk; fye;JiuahLf.
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Nju;r;rp 15 : tpir kw;Wk; mjd; tpisTfs; gw;wpa mwpit md;whl

tho;f;ifj; NjitfSf;nfdg; gad;gLj;Jthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

 kPw;wu;f; Nfhy;>

 juhRg; gbj;njhFjp

 jhq;fp

 fj;jpNahuk;

 E}y;

 fy;

Nfhl;ghL :

kPw;wu;f;Nfhy; rkdpiyapy; cs;sNghJ O gw;wpa tpirj;jpUg;gk;

          
2 0 1l W l W

            2 1

0

( )
W

l l
W



            y mx   tifahdjhFk;.

1l  f;F vjpuhf 2l it tiuGgLj;Jk;NghJ cw;gj;jpg; Gs;spapD}lhfr;

nry;Yk; Neu;NfhL ngwg;gLk;. mjd; gbj;jpwidf; fhz;gjd; %yk;

gpd;tUkhW wIj; Jzpayhk;.

gbj;jpwd; 
0

w

w


w  } 0w  « gbj;jpwd;

1l2l o

0w
w

0w - gbapd; epiw

w  - fy;ypd; epiw

2l

1l



nra;Kiwg; gupNrhjid - 12

tpirj;jpUg;gf; Nfhl;ghl;ilg; gad;gLj;jp epiwnjupahj
Riknahd;wpd; epiwiaf; fhZjy;

.....          ......

.....          ......

.....          ......

.....          ......

1l 2l
(cm) (cm)
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Kiw :   fy;nyhd;iw vLj;J mjd; epiwf;F mz;zsthd epiw nfhz;l juhRg;

gbia gbj;njhFjpapypUe;J njupTnra;J nfhs;f. fy;ypYk; gbapYk;

jdpj;jdpNa xt;nthU E}y; Jz;ilf; fl;bf;nfhs;f.

 fj;jpNahuj;ij; jhq;fpapy; nghUj;jp mjd;kPJ kPw;wu;f;Nfhiy fpilahfr;

rkdpiyg;gLJ;Jf. mg;Gs;spia kPw;wu;f;Nfhypy; milahskpl;L tyJ gf;fj;jpy;

Fwpj;j J}uj;jpy; ( 1l ) fy;iyj; njhq;ftpl;L kPw;wu;f;Nfhy; rkdpiy milAk;

tiu gbia kPw;wu;f;Nfhypd; topNa nrg;gQ;nra;J njhq;ftpl;Lf; nfhs;f.

fj;jpNahuj;jpypUe;J gb njhq;ftplg;gl;Ls;s Gs;spapd; J}uk; 2l  If; Fwpj;Jf;

nfhs;f.

,t;thW 1l  ,d; ngWkhdj;jpw;F ey;y guty; fpilf;Fk; tiuapy; Vwj;jho

6 ngWkhdq;fSf;Fupa 2l  ,d; ngWkhdq;fisj; Jzpe;J 1l  ,w;F vjpNu

2l  I tiuGgLj;Jf.

thrpg;Gf;fSk; fzpj;jYk; :

² 1l  vjpu; 2l   tiugpd; gbj;jpwidg; ngWf. ,jw;nfd epahakhd Nfhl;by; nghUj;jkhd

Gs;spfs; ,uz;ilj; njupTnra;f.

² Nkw;gb Nfhl;ghl;bw;fika

 w  } gbj;jpwd; « 0w   ,ypUe;J w  ,idf; fzpf;f.

 gbapd; jpzpT x 0g w  vdf; fhl;Lf.

ngWNgW :

² fy;ypd; epiw = ....... N MFk;.

fye;Jiuahly; :

 juhrpidg; gad;gLj;jp jpzpit mse;J fy;ypd; epiwiaf; fzpf;f.

 gupNrhjidg; ngWNgW epak epiwia tpl NtWgLnkdpd; mjw;F VJthf

mike;j fhuzq;fis Kd;itf;Ff.

Fwpg;G :

 kPw;wu;f;Nfhypd; epiw fhuzkhf Vw;gLk; jpUg;gj;ijg; G+r;rpakhf;Ftjw;fhfNt

kPw;wu;f;Nfhy; GtpaPu;g;G ikaj;jpdhy; rkdpiyg; gLj;jg;gLfpwJ vdf; fhl;Lf.

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

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

1l

2l

(cm)

(cm)
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 gbapid Neubahff; Nfhypd;kPJ itf;fhJ fl;bj; njhq;ftpLtjd; fhuzk;

epiwapd; jhf;f Gs;spf;fhd J}uj;ijr; nrk;ikahfg; ngWtjhFk; vdf;

fhl;Lf.

 jpzpit mstplg; gad;gLj;jg;gLk; ,urhadj; juhR> Kj;Jyhj; juhR>

ehd;F Jyhj; juhR> jl;Lj; juhR Mfpad ,f;Nfhl;ghl;bd; mbg;gilapNyNa

gad;gLj;jg;gLfpd;wJ vd;gij vLj;Jf;fhl;Lf.

 gbapd; epiw> fy;ypd; epiwia tpl mjpfstpy; khWgLkhapd; 1l > 2l

Mfpatw;Wf;nfd ed;F guk;gpa thrpg;Gf;fisg; ngwKbahJ vdf; fhl;Lf.
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Nju;r;rp 17 : Xa;tpYs;s kw;Wk; mirAk; ghapfs; gw;wpa mwpit md;whl

Njitfs; kw ;Wk ; njhopDl ;g eltbf ;iffSf;fhfg ;

gad;gLj;Jthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

² gpbjhq;fpapy;; nghUj;jf;$ba Kj;Jyhj; juhR

² cNyhff; Fw;wp

² E}y;

² ePu; Kfit

² Njq;fhnaz;nza; (my;yJ NtW jputk;)

Nfhl;ghL: ² cNyhff;Fw;wp tspapy; njhq;ftplg;gl;Ls;s } m
1

NghJ Kj;Jyhj; juhrpd; thrpg;G

² cNyhff;Fw;wp KOikahf ePupy; mkpo;e;Js;s } m
2

NghJ thrpg;G

² jputj;jpDs; KOikahf mkpo;e;Js;sNghJ } m
3

thrpg;G

²

Mf;fpkpbrpd; tpjpf;fika

² rkkhd ePu;f; fdtstpd; epiw } NkYijg;G Mifahy;

nghUspd; epiw

nghUspd; fdtstpw;Fr; rkkhd fdtsT

ePupd; epiw

rhulu;j;jp =

nghUspd; epiw

NkYijg;G
rhulu;j;jp =

nra;Kiwg; gupNrhjid - 13

Mf;fpkpbrpd;  Nfhl;ghl;ilg;  gad;gLj;jp  jpz;knkhd;wpdJk;
jputj;jpdJk; rhulu;j;jpiaj; Jzpjy;

gpbjhq;fp

m
1

m
2

ePu; jputk;

P

E}y;

m
1
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² cNyhff; Fw;wpapd; rhulu;j;jp
1

1 2

m g

m g m g




1

1 2

m

m m




      nghUspd; fdtsTf;Fr; rkfdtsTs;s jputj;jpd; epiw
           ² jputj;jpd; rhulu;j;jp =  ____________________________________________

                                    nghUspd; fdtsTf;Fr; rkfdtsTs;s ePupd; epiw

                        jputj;jpdhy; Vw;gLj;jg;gLk; NkYijg;G
      =    ________________________________

                                      ePupdhy; Vw;gLj;jg;gLk; NkYijg;G

² jputj;jpd; rhulu;j;jp 
1 3

1 2

m m

m m






Kiw :  cUtpy; fhl;lg;gl;lthW gbjhq;fpia Nkirapy; nghUj;jp Kj;Jyhj; juhir

itf;Ff.  Jyhf;Nfhy;fspd; Rikiag; G+r;rpaj;Jf;Ff; nfhz;Lte;J Kj;Jyhj;

juhrpd; Nfhy; G+r;rpa mstPl;Lf;F tUk; tiu juhRj; jl;bd; fPNo cs;s Mzp

p apidj; jpUFf.

 Jyhj;jl;Lf;Ff; fPNoAs;s nfhStpapy; E}nyhd;iwf;  fl;b glj;jpy;

fhl;lg;gl;Ls;sJ Nghd;W cNyhff;Fw;wpiaj; njhq;ftpl;Lj; juhirr;

rkepiyg;gLj;Jf. fpilf;Fk; thrpg;G m
1
 If; Fwpj;Jf;nfhs;f.

 cNyhff;Fw;wpia Kfitr; RtupNyh mbapNyh glhjthW ePupy; KOikahf

mkpor;nra;J juhR rkdpiy milAk; thrpg;G m
2
 tpidg; ngWf.

 cNyhff;Fw;wp KOikahf jputj;jpy; mkpo;e;jpUf;Fk;;NghJ thrpg;G m
3 
 tpid

Kd;diug; Nghd;Nw ngWf.

 Nfhl;ghl;by; fhl;lg;gl;ljw;fpzq;f thrpg;Gf;fisg; gad;gLj;jp jputk;> cNyhff;Fw;wp

Mfpatw;wpd; rhulu;j;jpiaf; fzpf;fyhk;.

thrpg;Gf;fSk; fzpj;jYk; :

 cNyhff; Fw;wp tspapy; njhq;ftplg;gl;Ls;s epiyapy; juhrpd; thrpg;G 1 (......)m g

 cNyhff; Fw;wp ePupy; Kw;whf mkpo;e;Js;s epiyapy; juhrpd; thrpg;G 2 (......)m g

 cNyhff; Fw;wp jputj;jpy; Kw;whf mkpo;e;Js;s epiyapy; juhrpd; thrpg;G 3 (......)m g

thrpg;gpd; cjtpAld; Nfhl;ghl;by; fhl;lg;gl;l rkd;ghl;bidg; gad;gLj;jp cNyhfj;jpdJk;

jputj;jpdJk; rhulu;j;jpiaf; fzpf;f.

ngWNgW :

 cNyhff; Fw;wpapd; rhulu;j;jp = ..........................................................

 jputj;jpd; rhulu;j;jp = .............................................................
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fye;Jiuahly; :

 fpilf;Fk; ngWNgW cNyhfj;jpd; epak rhulu;j;jpapypUe;J NtWgLtjw;F VJthff;;$ba

fhuzpfisf; fz;lwpa topg;gLj;Jf.

 cNyhff;Fw;wp nghs;shdnjdpd; (cs;sPlw;wJ) ,il mlu;j;jpNa fpilf;Fnkd;gij

ntspf;nfhzur; re;ju;g;gkspf;Ff.

Fwpg;G :

 fz;lwpag;gl;l rhulu;j;jpia ePupd; mlu;j;jpapdhy; ngUf;fp mlu;j;jpiag; ngw KbAnkdf;

fhl;Lf.

 cNyhfj;jpd; epak mlu;j;jp kw;Wk; gupNrhjidg; ngWNgw;wpypUe;J ngwg;gl;l

cNyhff;Fw;wpapd; rhulu;j;jp Mfpatw;wpd; mbg;gilapy; cNyhff; Fw;wp nghs;shdnjdpd;

mjd; fdtsitf; fzpj;jwptjw;fhf eilKiwapy; ,jidg; gad;gLj;jyhk; vdf;

fhl;Lf.

1 2

1

1

               

             

1 1

V v v

m m
v

d D

m v
d D

 

 

 
  

 

d - ngWNgw;Wf;fikthd mlu;j;jp

D - cz;ik mlu;j;jp

V
1

V
2

cNyhfk;

nghs;; (Fop)
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Nju;r;rp 18 : ,aw;ifahd cw;gj;jpfs;. mtw;wpd; gpupj;njLg;G Kiwfs;

Mfpatw;iw Ma;e;jwpthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

 epwg;gjptpay; El;gf; fljhrp (Watchman Beta)

 Kfit my;yJ [hk; Nghj;jy;

 ngj;jpupf; fpz;zk;

 msTr;rhb (10 ml)

 kapu;j;Jisf; Foha;

 cuYk; cyf;ifAk;

 ngd;rpYk; mbkl;lKk;

 nkjNdhy;

 vf;Nrd; (Hexane)

 ntz;zpwf; fljhrp.

Nfhl;ghL:

 ,aq;Fepiy mtj;ij epiyj;j mtj;ij Mfpa ,uz;Lk; jputq;fshf ,Uf;Fk;

re;ju;g;gj;jpy; gpupg;G (Partition) vDk; vz;zf;fU %yk; fyitnahd;W mjd;

$WfsJ KidTj;jd;ikf;fika NtwhFk;.

Kiw:

 8 ml nkjNdhiyAk; 2 ml vf;NridAk; Kfitapy; my;yJ [hk; Nghj;jypy; vLj;J

mjd; thia ngj;jpupf; fpz;znkhd;why; %b fiug;ghd;  miwnahd;iwj;

jahu;nra;f.

 8 cm x 4 cm mstpdjhf epwg;gjptpay; El;gf; fljhrpia ntl;bj; jahu;gLj;jpf;;

nfhs;f. mjpy; mbg;gilf; Nfhl;il> ngd;rpypdhy; ,l;Lf; nfhs;f. mjd; gUkl;lhd

tupg;glj;ij nts;isj;jhspy; tiue;Jnfhs;f.

 gr;irepw ,iyfs; rpytw;iw (cjh: grsp) cuypy; ,l;L rpwpjsT ePu;> nkjNdhy;

Mfpatw;iwr; Nru;j;J ed;F ,bj;Jf; nfhs;f.

 ,jid tbj;;J nrwpthd tbjputj;ijj; jahu;nra;J nfhs;f.

 kapu;j;Jisf; Fohapd; cjtpAld; epwg;gjpTf; fljhrpapd; mbg;gilf; Nfhl;bd;kPJ

Vw;fdNt jahupj;Jf;nfhz;l ,iyr;rhw;Wj; Jspfs; rpytw;iw xd;wd; kPJ

xd;W ,Lf. ,t;thwhf ,uz;L nghl;Lf;fis rpwg;gjptpay; fljhrpapy; ngWf.

(,uz;L khjpupfs;)

 gpd;tUk; glj;jpy; fhl;lg;gl;lthW ,jidf; fiug;ghd; nfhz;l miwapy;

kl;Lkl;lhfj; njhLifAWkhW ,wf;fp fiug;ghd;> tbjhspD}lhf Nky;Nehf;fpr;

nry;Yk; tpjj;ij mtjhdpf;f. (epwg;gjptpay; fljhrpia fiug;ghd; fyitapy;

epiyf;Fj;jhf itg;gjw;fhf nfstpfisg; gad;gLj;Jf.)

nra;Kiwg; gupNrhjid - 14

fljhrp epwg;gjptpay; El;gKiw%yk; ,iyfspy; mlq;fpAs;s
epwq;fis NtWgpupj;jy;;
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 fiug;ghd; Kfg;ghdJ epwg;gjptpay; fljhrpapd; Nky; me;jj;jpw;Ff; fPopUe;J

1cm tiuahd ,lj;jpw;F tUk;NghJ fiug;ghd; miwapypUe;J fljhrpia

mfw;wp kpjkhd fhw;wpy; cyu;j;jpf;nfhs;f. cyu;e;j gpd;du; Ntwhf;fg;gl;l

epwg;nghUl;fis ngd;rpypdhy; tiue;J nfhs;f.

ngWNgW:

 khjpup 1> khjpup 2> Mfpatw;wpd; epwq;fis i, ii, iii vd;wthwhf njspthf

Ntwhf;fpAs;sd.

 khjpup 1> khjpup 2> Mfpad xNutpjkhf NtwhfpAs;sikf;Ff; fhuzk; mit

xNu %yj;jpypUe;J  ngwg;gl;l khjpupfshf ,Ug;gjhyhFk;.

fye;Jiuahly;:

 ,q;F khjpupfspd; epwq;fs; i, ii, iii vd;wthwhf njspthf Ntwhtjw;fhf

gad;gLj;jg;gl;l fiug;ghd; fyitAk; mjd; tpfpjKk; Kf;fpakhdit vdf;fhl;Lf.

 khjpup epwq;fshf njspthf Ntwhfpd;wikahy; mtw;iw mtjhdpg;gjw;fhf

fl;Gyj; Jizf; fiug;ghd;fs; Njitg;gLtjpy;iy vd tpsf;Ff.

 epwg;gjptpay; fljhrpia KfitapDs; my;yJ [hk; Nghj;jypDs; epiyf;Fj;jhf

epWj;jpitg;gjw;fhf ePz;l fljhrp nfstpfspuz;ilg; gad;gLj;jyhk; vdTk;

fhl;Lf.

fiug;ghd; Kfg;G

epwk; - I

epwk; - II

epwk; - III

mbg;gilf; NfhL

khjpup - 1    khjpup - 2

jhtu ,iyr;rhw;Wg; nghl;Lfs;

ngj;jpupf; fpz;zk;

mbg;gilf; NfhL

fiug;ghd; fyit
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Fwpg;G:

 khjpup 1 khjpup 2 Mfpatw;wpw;fhf epwk; i, ii, iii Mfpatw;Wf;F Rf ngWkhdj;ijf;

fzpj;J mtw;iw xg;gpl;Lg; ghu;f;Ff.

 khjpupapy; mjpf msit epwg;gjptpay; fljhrpapy; itj;J epwq;fis Ntwhf;Fk;

tpjj;ij mwpayhk;.

 fiug;ghd; fyitapd; tpfpjq;fis khw;wpathW jhtu ,iyr;rhw;Wf; fyit

mjd; $Wfshf NtwhFk; tpjj;ij mtjhdpf;Ff.
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Nju;r;rp 18 : ,aw;ifahd cw;gj;jpfs;> mtw;wpd; gpupj;njLg;G Kiwfs;

Mfpatw;iw Ma;e;jwpthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

 Njapiy 12 g

 fha;r;rp tbj;j ePu; 150 ml

 Nrhbak; fhgNdw;W 10 g

 ePuw;w Nrhbak; ry;Ngw;W

 ilf;FNshNuh nkNjd; 45 ml

 gpupGdy;

 Kfit (400 ml)

 Gdy;

 gd;rd; RluLg;G

 Njapiy tb

 Gf;Fdupd; GdYk; FLitAk;

 ePu; cwpQ;rw; gk;gp

 tbjhs;

 ntg;gkhdp

 J}kf; $z;L (Fume hood)

Nfhl;ghL :

 ,aw;ifahd xU %yj;jpypUe;J Jiz mDNrgpnahd;wpid Ntwhf;fpr;

Rj;jpfupj;J jpl;ltl;lkhf ,dq;fhzy;.

Kiw :

 150 ml fha;r;rptbj;j ePu;> 10 g Nrhbak; fhgNdw;W Mfpatw;iw 400 ml Kfitapy;

,l;L ed;F fiuAk; tiu fyf;fp mjDs; 12 g Njapiyia ,l;L 30 epkplq;fs;

ntg;gNkw;Wf. (ntg;gepiyia 900 - 95 0C ,w;F ,ilNa NgZf.)

 ,f;fiury; XusT Mwpa gpd;du; (Vwj;jho 500 C tiu) Njapiy tbapd; cjtpAld;

tbj;njLf;f. fpilf;Fk; fUepwf; fiuriy miwntg;gepiyf;F MwtpLf.

 ilf;FNshNuh nkNjd; fiurypy; 15 ml ,id Nkw;gb Fspu;e;j NjePu;f;; fiurypy;

Nru;j;J Kfitia nkJthff; fyf;Ff. (tpiuthf fyf;fpdhy; Eiunfhz;l

nrwpFok;G (Emulsion) cUthFk;.)

 ,f;fyitiag; gpupGdypy; (Separatory Funnel) ,l;L ,uz;L gilfshf Ntwhf;fpa

gpd;du; fPNoAs;s Nrjdg; gilia (ilFNshNuh nkNjd;) Ntwhf;fpf; nfhs;f.

 kPz;Lk; gpupGdypYs;s ePu;g;gilAld; 15 ml tPjk; ilf;FNshNuh nkNjid

%d;W jlitfs; Nru;j;J ePu;f;fiurypy; cs;s fNgidg; gpupj;njLf;f.

nra;Kiwg; gupNrhjid - 15

NjapiyapypUe;J fNgd; gpupj;njLj;jy;
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 NkNy ngwg;gl;l Nrjdg;gilfs; %d;iwAk; xd;W Nru;f;f. ,jw;F ePuw;w Nrhbak;

ry;Ngw;iwr; Nru;f;f. (,e;j re;ju;g;gj;jpy; Nrjdg;gilapy; ePu; fhzg;gl;lhy; mJ

mfw;wg;gLk;) Nrhbak; ry;Ngw;W NruhjthW Nrjdf; fiuriy cyu;e;j Kfitapy;

ftdkhf tbj;njLf;f.

 ePu;;j;njhl;bapy; itj;J ilf;FNshNuh nkNjid Mtpahf;Ff. ,jw;fhf J}kf;

$z;ilg; (Fume hood) gad;gLj;JtJ nghUj;jkhdjhFk;.

 ,jd;NghJ Kfitapy; gbAk; fNgd; Vwj;jho 90% J}a;ikahdjhFk;. ,J

gz;gLj;jhj tpisnghUs; (Crude Product) vdg;gLk;. ,e;j fNgid  95% vjNdhypy;

(1g fNgDf;F 5 ml tPjk;) fiuj;J kPs;gspq;fhf;fp (Recrystalization) J}a fNgidg;

ngWf.

 ,t;thW gpupj;njLf;fg;gl;l fNgdpd; J}a;ikiaj; jPu;khdpg;gjw;F mjd;

cUFepiyiaj; Jzpf. ,jw;nfd gutpd; nea;j; njhl;bnahd;wpidg; gad;gLj;Jf.

(fNgdpd; nfhjpepiy 2270- 2280 C MFk;)

ngWNgW :

 J}a ntz;zpw gspq;Fepiyf; fNgid mjw;NfAupa kzj;Jld; ngwyhk;.

 Njapiyapy; fNgDf;F Nkyjpfkhf> jdpd; Nghd;w Jiz mDNrgp;fSk; cs;sd.

,it ilf;FNshNuh nkNjid miltijj; jtpu;g;gjw;fhf> %yj;jd;ikahd

Nrhbak; fhgNdw;Wf; fiurYs;; Njapiyia ,l;L Nja;f;fiury; jahupf;fg;gLk;.

mg;NghJ jdpd; Nghd;wtw;wpd; Nrhbak; cg;G cUthfp ,f;fiurypy; fiutjhy;

mit ilf;FNshNuh nkNjid mila khl;lh.

 Nja;f; fiurypy; mlq;fpAs;s fNgdpd; ngUk;gFjp ilf;FNshNuh nkNjid

milar; nra;tjw;fhf ,J gFjp gFjpahf Nja;f; fiurYld; Nru;f;fg;gLk;.

fye;Jiuahly; :

 NjapiyiaAk; ilf;FNshNuh nkNjidAk; fyf;Fk;NghJ nrwpFok;G

cUthtijj; jtpu;f;fNtz;Lk;. ,y;iyNay; ePu;g;giliar; Nrjdg; gilapypUe;J

Ntwhf;FtJ fbdkhFk;.

Fwpg;G :

 J}afNgd;> gz;gLj;jpa fNgd; Mfpatw;iw nky;ypa gil epwg;gjptpay;  El;g

Kiwfisf; ifahz;L gFg;gha;Tnra;f. mjpypUe;J ePq;fs; ifahz;l Kiwapd;

mD$yq;fisAk; gpujp$yq;fisAk; fye;JiuahLf.
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Nju;r;rp 18 : ,aw;ifahd cw;gj;jpfs;. mtw;wpd; gpupj;njLg;G Kiwfs;

Mfpatw;iw Ma;e;jwpthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

 J}shf;fpa fuhk;G (15 g)

 ilf;FNshNuh nkNjd; (45 ml)

 ePufw;wpa kfdPrpak; ry;Ngw;W

 fz;zhbj;Jz;Lfs; my;yJ Fumic stone

 fha;r;rptbj;j ePu; (150 ml)

 Kfitfs; 3 (100 ml)

 tl;l mbf;FLit  (500 ml)

 msf;FQ;rhb (50 ml)

 gpupGdy; (Separatory Funnel)

 J}kf;$z;L (Fume hood)

 xLf;fp

 $k;Gf;FLit (50 ml)

 ntg;gkhdp

Nfhl;ghL :

 nfhjpepiy NtWghLfisj; Jizahff;nfhz;L fha;r;rptbj;jiyg; gad;gLj;jp

jputq;fis Ntwhf;fYk; J}a;ikahf;fYk;

Kiw :

 J}shf;fpa fuhk;ig (15g) ,id tl;lmbf; FLitnahd;wpDs; ,Lf. mjDld;

Vwj;jho 150 ml fha;r;rptbj;j ePu; Nru;j;J> fz;zhbj; Jz;Lfs; my;yJ Fumic

Stone ,l;Lf; fha;r;rp tbf;Ff.

 fha;r;rptbj;jy; %yk; fpilf;Fk; tpisit (tbjputj;ij) Kfitnahd;wpDs;

,Lf.

,irthf;fp

,yPgPf;fpndhLf;fp

tbjputk;

ePu;cs;Ns

tl;lmbf;FLit

fuhk;Gj;J}s;

¬
ePu;

ePu; ntspNa

nra;Kiwg; gupNrhjid - 16

fuhk;gpypUe;J ,A+[pNdhy; gpupj;njLj;jy;
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 Nkw;gb> tbjputj;ij gpuGdypy; ,l;L> ilf;FNshNuh nkNjd; (Nrjdf; fiug;ghd;)

15 ml ,l;L ed;F FYf;Ff.

 Nrjdg; gilia (,jpy; ,A[pNdhy; mlq;fpAs;sJ) cyu;e;j Kfitnahd;wpy;

,Lf.

 vQ;rpa ePu;g;gilAld; kPz;Lk;> ,uz;L jlit> 15 ml tPjk; Nru;j;J gpupGdypdhy;

Ntwhf;fp> Nrjdg; gilia xd;WNru;j;Jf; nfhs;f.

 mjDld; ePufw;wpa kfdPrpak; ry;Ngw;W Nru;f;Ff. gpd;du; Nrjdg;gilia> kf;dPrpak;

ry;Ngw;W NruhjthW ftdkhf tbj;Jf;nfhs;f. ,jid xU ePu;j;njhl;bapy;

itj;J ilf;FNshNuh nkNjid Mtpahf;fp ntspNawr; nra;f. (,jidj;

J}kf; $z;bDs; epfo;j;Jf.)

 kQ;rs; epw vz;nzahf ,A[pNdhy; fpilf;Fk;. ,jid mjd; rpwg;gpay;ghd

kzj;ijf; nfhz;L ,dq;fhzyhk;.

 gpupj;njLj;j ,A[pNdhypd; J}a;ikia nkd;gil epwg;gjptpay; %yk; Nrhjpf;fyhk;.

,jw;fhf khjpupg; nghUl;fisr; Nrhjpj;jy; Ntz;Lk;.

 gpupj;njLj;j ,A[pNdhy;

 fl;Lg;ghl;L ,A[pNdhy;

 gpupj;njLj;j ,A[pNdhYk; fl;Lg;ghl;L ,A[pNdhYk; 1:1 fyit

ngWNgW :

 kQ;rs; epwj;ijAk; jdpr;rpwg;ghd kzj;ijAk; nfhz;L ,A[pNdhy; vz;nzia

,dq;fhz;f.

 nkd;gil epwg;gjptpay; El;gj;ijg; gad;gLj;jp ,A+[pNdhypd; J}a;ik Fwpj;Jf;

fye;JiuahLf.

fye;Jiuahly; :

 ePUld; fye;Js;s ,A+[pNdhy; rhnuz;izia gpupGdypd; JizAld; Nrjdj;

jpzpthfg; ngw;w gpd;du; mjpy; fye;Js;s ,Wjpahd ePu;r; rpW Jspfis

ePf;Ftjw;fhf ePuw;w kfdPrpak; ry;Ngw;iwr; Nru;j;jy; Ntz;Lk;.

Fwpg;G :

 fha;r;rp tbj;jypd;NghJ fz;zhb cgfuzq;fis tspkz;lyj;jpy; jpwe;JtpLjy;

fl;lhakhFk;. mjw;Ff; fhuzk;> mjpy; Vw;glf;$ba mKf;fj;ijf; Fiwj;jyhFk;.

,y;iyNay;> mKf;fk; mjpfupj;J ntbg;G Vw;glyhk;.

 ,J ePu;f;fha;r;rptbj;jy; (Water Distillation) vdTk; miof;fg;gLk;.
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Nju;r;rp 18 : ,aw;ifahd cw;gj;jpfs;. mtw;wpd; gpupj;njLg;G Kiwfs;

Mfpatw;iw Ma;e;jwpthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

 MlhNjhil ,iyfs; 3 - 4

 10 % mnrw;wpf; mkpyk;

 mNkhdpah fiury;

 ilf;FNshNuh nkNjd; 45 ml

 bufd; Lnuh/g; fiury; (Dragon drof)

 nkd;gil epwg;gjptpay; El;g tOf;fpfs;

 nrhl;rpNyw;W cgfuzk; (Soxhlet apparatus)

 tbjhs;

 tl;l mbf;FLit

 msf;FQ; rhb (25ml)

Nfhl;ghL :

 nrhl;rpNyw;W cgfuzj;ijg; gad;gLj;jp fiujpwd; Fiwthd fiuankhd;wpd;

nrwpthd gpupj;njLg;ig> rpW fdtsT fiug;ghidg; gad;gLj;jpg; ngWjy;.

Kiw :

 MlhNjhil ,iyfis nky;ypa Jz;Lfshf eWf;fpf; nfhs;f. tbjhspy;

nra;j jPjhs; cUtpDs; (Thimble) eWf;fpa ,iyj;Jz;Lfis ,l;L> mikg;gpDs;

itf;Ff.

 tl;l mbf;FLitapDs; 10 % mnrw;wpf;fkpyk; Vwj;jho 50 ml ,idr; Nru;j;J

glj;jpy; fhl;bAs;sthW cgfuzq;fis mikj;Jf;nfhs;f.

ePu; ntspNa

ePu; cs;Ns

xLf;fp

fljhrpj; jPjhs; cU

nky;ypa  Jz;Lfshf eWf;fpa
MlhNjhil ,iy

tl;l mbf;FLit

(Water out)

(Water in)

(Condenser)

(Thimble)

(Solid)

(Round bottom flask)

(Soxhlet)

nrhl;rpNyw;W cgfuzk;

nra;Kiwg; gupNrhjid - 17

MlhNjhil(ghtl;il) ,iyfspypUe;J mw;fnyhapl;ilg; gpupj;njLj;jy;
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 Vwj;jho 20 epkplq;fSf;F kPs;gha;r;ry; (Reflux) epfor; nra;f. mg;NghJ mnrw;wpf;

mkpyk; gbg;gbahfg; gr;ir epwkhf khWk;.

 fiurw; fyitia miwntg;gepiy tiu Fspur;nra;J> mNkhdpahf; fiury;

Nru;j;J> %yj;jd;ikAilajhf;fpf; nfhs;f. (fiury; %yj; jd;ikaile;j gpd;

rptg;Gg; ghrpr;rhaj;jhs; ePyepwkhf khWk;;)

 mf;fyitia gpupGdnyhd;wpDs; ,l;L> mjDld; ilf;FNshNuh nkNjd; 15 ml

,l;L ed;F FYf;fp> Nrjdg;gilia (ilf;FNshNu nkNjd;) Ntwhf;fpf; nfhs;f.

kPjpahfTs;s ePu;f;fiurYld; NkYk; ,uz;L jlitfs;> ilf;FNshNuh nkNjd;

15 ml tPjk; Nru;j;Jf; FYf;fp> Nkw;Fwpg;gpl;lthwhfNt Nrjdg;gilia

Ntwhf;fpf;nfhs;f. Nrjdf; fiury; gFjpfs; vy;yhtw;iwAk; xd;WNru;j;Jf; nfhs;f.

 Nrjdf; fiujputj;ij ePu;j;njhl;bapy; ,l;L Mtpahf;Ff. mg;NghJ mw;fnyhapl;Lf;

fyit fpilf;Fk;.

 ,t;thwhf Ntwhf;fpg; ngw;w mw;fnyhapl;il> nkd;gil epwg;gjptpay; %yk;

gFg;gha;T nra;f. ,jw;fhf fiujputf; fyitahf> ilf;FNshNuh nkNjd;>

nkjNdhy; (8:2) fyitiag; gad;gLj;Jf.

 mw;fnyhapl;bd; msit Dragondroff fiury; %yk; mtjhdpf;fyhk;.

(mw;fnyhapl;L> Dragondroff cld; fgpy epwj;ijj; jUk;) ,y;iyNay; nkd;gilia

maBd; ghj;jpunkhd;wpy; ,l;L fpilf;Fk; epwg; nghl;Lf;fis mtjhdpf;fyhk;.

ngWNgW :

 ,q;F fpilf;Fk; mw;fnyhapl;Lf; fyitia nkd;gil epwg;gjptpay; El;gj;jpd;

%yk; gFg;gha;T nra;J> fpilf;Fk; Jiz mDNrgpfSf;fhd Rf ngWkhdj;ijf;

fzpf;Ff.

 ,q;F fpilf;Fk; Jiz mDNrgpfspd; vz;zpf;ifia ,dq;fhz;f.

fye;Jiuahly; :

 nrhl;rpNyw;W cgfuzj;ijg; gad;gLj;Jtjd; mD$yq;fs;> gpujp$yq;fisf;

fye;JiuahLf.

Fwpg;G :

 Ma;$lj;jpy; Dragondrof fiury; ,y;iynadpd; mjw;Fg; gjpyhf maBd;

ghj;jpunkhd;iwg; gad;gLj;jyhk;.

 nrhl;rpNyw;W cgfuzj;Jf;Fg; gjpyhf nghJthd Kiwapy; kPs;gha;r;ry; nra;tjd;

%yk; MlhNjhilg; gpupj;njLg;igg; ngWf.

 ,uz;L Kiwfspd; NghJk; fpilf;Fk; tpisTfis ,dq;fhz;f.
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Nju;r;rp 20 : rlg;nghUspd; nghwpKiw ,ay;Gfs; gw;wpa mwpit khDlj;

NjitfSf;nfdg; gad;gLj;Jthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

 ,wg;gu;f;Foha;

 kPw;wu;f;Foha;

 juhRj; jl;L

 gbj; njhFjp

 jhq;fp

 fk;gpj;Jz;Lfs;

 efUk; EZf;Ff;fhl;b.

Nfhl;ghL : aq;qpd; Fzfk; } vy;iy kPs;jd;ik
,Oit tpfhuk;

y mx c   'vDk; tbtj; jpy; cs;sJ

m ,w;F vjpu; l tiugpd; gbj;jpwdpypUe;J y iaf; fhzyhk;

gbj;jpwd; 
0gl

Ay


0gl
y

A


gbj; jpwd;

m

m

l

nra;Kiwg; gupNrhjid - 18

,wg;gu;f; Fohiag; gad;gLj;jp ,wg;gupd; aq;fpd; Fzfj;ijf; fhZjy;

0

0

0

0

0

0
0 0

            
F

Ay
e

l

F mg

e l l

l

l

lmg
y

A l l

gl
l l m l

Ay





 



 


  

 

 -  

Gjpa J}uk ;

Muk; g J}uk ;

ePsk;

ePsk;






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Kiw :

 ,wg;gu;f; Fohia vLj;J cUtpy; fhl;lg;gl;lthW mjd; fPo; Kidapy; juhRj;

jl;bid ,Wff; fl;bf;nfhs;f.

 ,wg;gu;f; Foha; rw;W <u;f;fg;gLkhW epiw njupahj Rikiaj; juhRj; jl;by;

,l;L ,uz;L fk;gpj; Jz;Lfis Fohapd;%yk; fzprkhd msT ,ilntsptpl;L

,uz;L Gs;spfis mikj;Jf;nfhs;f. mjw;nfjpNu kPw;wu;f;Nfhiy epiyf;Fj;jhf

mikAkhW itj;J ,izj;Jf;nfhs;f. mg;Gs;spfSf;fpilapyhd Muk;g ePsk;;

l
0
  iaf; Fwpj;Jf;nfhs;f.

 juhRj;jl;bd;kPJ Rik (m) ,l;L Gjpa ePsk; (l) ,d; thrpg;Gfs; rpytw;iwg;

ngWf. Rikfis xt;nthd;whf ePf;fTk;. thrpg;Gf;fis kPz;Lk; ngWf. y

,ilg;ngWkhdk; %yk; l ,idf; fzpj;J m ,w;F vjpu; l ,id tiuGgLj;Jf.

tiugpd; gbj;jpwdpd; %ykhf y ,idj; Jzptjw;fhfg; gpd;tUk; Nkyjpf

thrpg;Gf;fisg; ngw;W A apidf; fzpj;Jf; nfhs;f.

 efUk; EZf;Ff;fhl;biag; gad;gLj;jp Fohapd; cs;> ntsp tpl;lq;fisf;

fz;lwpf.

 

2 22 2

2 2
2 1

( ) ( )
2 2

4

d d
A u

u
d d

 



 

 

efUk; EZf;Ff;fhl;bapd; FWf;Ff; fk;gp a, b, c, d Mfpa epiyfspy; ngwg;gl;l

thrpg;Gf;fs; a, b, c, d vdf; nfhs;Nthkhapd;

d
1
 = c - b

d
2
 = d - a

thrpg;Gf;fSk; fzpj;jYk; :

²   ,wg;gu;f; Fohapd; milahsq;fSf;fpilapyhd Muk;g ePsk; = (...............) mm

Fohapd; FWf;F ntl;LKf thrpg;Gfs;

a epiyapy; thrpg;G = ................. mm

b epiyapy; thrpg;G          = ................. mm

c epiyapy; thrpg;G          = ................. mm

d epiyapy; thrpg;G = ................. mm

d
1

d
1

a b c d
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thrpg;Gf;fSf;fika A If; fzpf;f. Nru;f;fg;gl;l jpzptpw;fika Gjpa ePsk; l

ngWkhdj;ijg; gpd;tUkhW ml;ltizg;gLj;Jf.

m ,w;F vjpu; l  ,d; tiugpd; gbj;jpwidg; ngw;W

         
0gl

y
A


gbj; jpwd;

    rkd;ghl;bd; cjtpAld;  y ,idf; fzpf;f.

ngWNgW :

 ,wg;gupd; aq;qpd; Fzfk;  = ..........Nm-2

fye;Jiuahly; :

 tpfpjrk vy;iyf;F mg;ghy; nry;Yk;tiu Rikfs; ,l;lhy; 1 tJ> 2 tJ

re;ju;g;gq;fspy; thrpg;G khWgLkhifahy; ngWNgW tOTld; $bajhf

mikAnkdf; fhl;Lf. ,wg;gu;f; FohAld; jl;by; xU jlitapy; Nru;f;Fk;

jpzpit ePl;rpf;F mikaj; jPu;khdpf;fr; nra;f.

Fwpg ;G :

 thrpg;Gfs; ,yFthd myFfspy; ngwg;gl;lNghJk; aq;qpd; Fzfj;ijf; fzpg;gjw;F

ngWkhdq;fisg; gpujpapLtjw;fhf epak myFfs; gad;gLj;jg;gl Ntz;Lk;.

 ,wg;gu;f;Foha; ,OgLk;NghJ FWf;Fntl;LKfg; gug;gpy; Vw;gLk; khw;wk;

Gwf;fzpf;fj;jf;f mstpw;Ff; Fiwthf mikAk; tz;zk; epiwfs;; Nru;g;gJ

Fwpj;Jf; ftdQ; nrYj;Jf.

(i)

.......

.......

.......

.......

Nru;f;fg;;gl;l jpzpT (g)

1 tJ ePsk; (Rikia Nru;f;Fk; re;ju;g;gk;) mm

2 tJ ePsk; (Rikia mfw;Wk; re;ju;g;gk;) mm

Gjpa ePsk; (,il)  (l) mm

(ii)

.......

.......

.......

.......

(iii)

.......

.......

.......

.......

(iv)

.......

.......

.......

.......

(v)

.......

.......

.......

.......

(vi)

.......

.......

.......

.......
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Nju;r;rp 21 : k pd ; cgfuzq ;fs pd ; guhku pg ;g pw ;Fk ; k pd ;Rw ;Wf ;fisj ;

jpl;lkpLtjw;Fk; kpd; gw;wpa mwpitg; gad;gLj;Jthu;.

1' ntt;NtW Xl;lq;fis msj;jy;

2' ntt;NtW mOj;j tpj;jpahrq;fis msj;jy;

3' ntt;NtW jilfis msj;jy;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

² gd;khdp

² 2 jilapfs; 3

² 15K jilapfs; 3

² 6V Nrkpg;Gf;fyk;

² ,upaepWj;jp (0 - 100 2)

² Msp 1

² xypngUf;fp ,izg;Gr; Nrhbfs; (2 gang speaker connectors) 4

² xl;Lg;gyifj; Jz;L (15 cm x10 cm)"

² ,izg;Gf; fk;gp

Nfhl;ghL :

fPNo cU 1 ,y; jug;gl;Ls;s Rw;iw> Xl;lk;> mOj;j tpj;jpahrk; Mfpatw;iw

msg;gjw;Fk;> cU 2 m > cU 2 M Mfpa Rw;Wf;fspd; jilfspd;

rktYj; jilia msg;gjw;Fk; gad;gLj;jyhk;.

Kiw:

    ²  ntt;NtW Xl;lq;fis msg;gjw;fhfg; gd;khdpia Xl;l tPr;Rf;F topg;gLj;Jf.

jug;gl;Ls;s xypngUf;fp ,izg;Gf;fs;> nghUl;fis gyif kPJ cU 1 ,y;;

fhl;bAs;sJ Nghd;W jhgpj;Jr; Rw;iw mikf;Ff.

1' C> D Kidfis ,izj;J A, B Kidfspy; gd;khdpapd; Kidfisj;

njhLj;J mtw;wpd; Clhfg; ghAk; kpd;Ndhl;lj;ij mse;J gjpTnra;J

nfhs;f.

nra;Kiwg; gupNrhjid - 19

gd;khdpiag; gad;gLj;jp msitg; ngWjy;

( )

A

B

C D

E F

G H

2

2

2

15K

15K

15K 15K

15K

15K

15K 15K 15K

15K

15K

15K

cU: 1

cU: 2 (m)

cU: 2 (M)
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2' E, F Kidfis ,izj;J  A, B Kidfspy; gd;khdpapd; Kidfisj;

njhLj;J mtw;wpd; Clhfg; ghAk; kpd;Ndhl;lj;ij mse;J gjpTnra;J

nfhs;f.

3' A, B  KidfisAk; E, F KidfisAk; ,izj;J C, D Kidfspy;

gd;khdpia itj;J  G C D H  Clhfg; ghAk; kpd;Ndhl;lj;ij mse;J

gjpTnra;J nfhs;f.

4' A, B KidfisAk; C, D Kidfis ,izj;J  E, F Kidfspy;  gd;khdpapd;
Kidfisj; njhLj;J G E F H Clhfg; ghAk; kpd;Ndhl;lj;ij mse;J

gjpTnra;J nfhs;f.

²  ntt;NtW kpd;dOj;j tpj;jpahrq;fis msg;gjw;fhfg; gd;khdpapd; Mspia

mOj;j tPr;Rf;F topg;gLj;Jf.

5' A, B KidfisAk; C, D KidfisAk; njhLj;J B, G KidfspYk; G, H
KidfspYk; gd;khdp Kidfis ntt;Ntwhfj; njhLj;J  B,G ,w;F
,ilNaAk; G, H ,w;F ,ilNaAk; kpd;dOj;j tpj;jpahrj;ij mse;J

gjpT nra;Jnfhs;f.

6' A, B KidfisAk;  E, F KidfisAk; njhLj;J   B, G KidfSlDk; G,
H KidfSlDk; gd;khdp Kidia ntt;Ntwhfj; njhLj;J  B, G ,w;Fk;
,ilNaAk; G, H ,w;F ,ilNaAk; kpd;dOj;j tpj;jpahrj;ij mse;J

gjpTnra;J nfhs;f.

7. A, B KidfisAk; C, D KidfisAk;  E, F ; KidfisAk; njhLj;J B,
G KidfSlDk; G, H KidfSlDk; gd;khdpapd; Kidfis

ntt;Ntwhfj; njhLj;J  B, G ,w;F ,ilNaAk;  G, H ,w;F ,ilNaAk;
kpd;dOj;j tpj;jpahrj;ij mse;J Fwpj;Jf; nfhs;f.

² ntt;NtW jilfis msg;gjw;fhf gd;khdpapd; Mspiaj; jiltPr;Rf;F

topg;gLj;Jf. jilia msg;gjw;fhfg; gd;khdpiar; nrg;gQ;nra;f.

8. xypngUf;fp ,izg;Gf;fs; njhLf;fg;gl;l  gyif kPJ cU 2: (m) ,y;

fhl;bAs;sthW njhluhfj; jilapfisj; njhLj;J  Kidfisg;

gd;khdpAld; njhLj;J me;je;jr; re;ju;g;gj;jpy; jilia mse;J

Fwpj;Jf;nfhs;f.

9. mg;gyifiag; gad;gLj;jp cU 2 M ,y; fhl;bAs;sthW rkhe;jukhfj;

jilfisj; njhLj;J me;je;jr; re;ju;g;gj;jpy; jilia mse;J gjpT

nra;Jnfhs;f.

thrpg;Gf;fSk; fzpg;GfSk;.

re;ju;g;gk; 1 2 3 4

(A)

Xl;lk; I

re;ju;g;gk;

B,G  ,w;F 

,ilNa

G, H ,w;F 

,ilNa

B, G  ,w;F 

,ilNa

G, H ,w;F 

,ilNa

B, G  ,w;F 

,ilNa

G, H ,w;F 

,ilNa

5 6 7

kpd;dOj;j 

NtWghL 

(V)
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

re;ju;g;gk; 1 re;ju;g;gk; 2 re;ju;g;gk; 3

8 njhluhf

9 rkhe;jukhf

rktYj;jil
jilapj; njhLg;Gre;ju;g;gk;

 1> 2> 3> 4 Mfpa re;ju;g;gq;fspy; Rw;wpd; me;je;jg; gFjpapy;; ghAk; Xl;lk; kw;Wk;

5> 6> 7 Mfpa re;ju;g;gq;fspYk; Rw;wpd; ntt;NtW jilfisAk; kw;Wk; jilj;

njhFjpfSf;Fk; ,ilapyhd kpd;dOj;j tpj;jpahrj;ijAk; Xkpd; tp;jpg;gb fzpf;Ff.

gupNrhjid %yk; fpilj;j ngWNgWfs;> fzpj;Jg;ngw;w ngWNgWfSld;

nghUe;Jfpd;wdth vd xg;gpl;Lg; ghu;f;Ff.

 8> 9 Mfpa re;ju;g;gq;fspy; fpilj;j rktYj; jilapd; ngWkhdq;fspy; njhLf;fg;

gl;l me;je;jj; jilapapd; ngWkhdj;Jf;Fk; ,ilNa vspa njhlu;nghd;wpidf;

fl;bnaOg;Gf. ,y;iyNay; fpilj;j njhlu;Gfs; njhlu;ghd rkhe;jukhd jilfspd;

rktYj; jilf;fhf njhlu;GfSld; nghUe;Jfpd;wth vd xg;gpl;Lg; ghu;f;Ff.

ngWNgW :

 kpd;Ndhl;lq;fis msg;gjw;fhfg; gd;khdp> Rw;wpy; njhluhfj; njhLf;fg;gLk;

 kpd;dOj;j tpj;jpahrj;ij msg;gjw;fhf> gd;khdp Rw;wpd; xU gFjp rkhe;jukhfj;

njhLf;fg;gLk;.

 rkkhd jilapfs; njhluhf cs;sNghJ xU jilapapd; ngWkhdj;ij

mj;jilapfspd; vz;zpf;ifahy; ngUf;Ftjhy; rktYj;; jil ngwg;gLk;.

 rkkhd jilapfs; rkhe;jukhf cs;sNghJ rktYj; jilahdJ xU jilapd;

ngWkhdj;Jf;Fk; jilapfspd; vz;zpf;iff;Fk; ,ilapyhd tpfpjj;Jf;Fr;

rkkhdJ.

fye;Jiuahly;:

 kpd;dOj;j tpj;jpahrq;fis msf;Fk;NghJ eilKiwapy; fpilf;Fk;

ngWkhdq;fSf;Fk; fzpj;Jf; fpilf;;Fk; ngWkhdq;fSf;Fk; ,ilNa rpwpa

NtWghL fhzg;glyhk;. ,J njhlu;ghf cq;fsJ fUj;Jf;fisj; njuptpf;Ff.

Nthy;w;wsit NkYk; jpUj;jkhf msg;gjw;F kw;nwhU cgfuzj;ijg; gpNuupf;Ff.

Fwpg ;G:

 ntt;NtW kpd;Ndhl;lq;fisAk;> ntt;NtW kpd;dOj;j tpj;jpahrq;fisAk;

msg;gjw;fhf gd;khdpiag; gad;gLj;Jk;NghJ mjd; Roy;Mspia cupa tPr;rpd;ghy;

topg;gLj;Jf. kpff;$ba tPr;rpy;  Muk;gpj;J nghUj;jkhd kpff; Fiwe;j tPr;R

fpilf;Fk; tiuapy; Roy;Mspiar; nrg;gQ; nra;f.
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 ntt;NtW jilfis msg;gjw;fhfg; gd;khdpiag; gad;gLj;Jk;NghJ mjd;

Roy;Mspiaj; jil tPr;rpd;ghy; mikAkhW Row;Wf. gd;khdpapd; Kidfisf;

FWQ;Rw;whf;fp Rl;bahdJ jiltPr;rpd; G+r;rpaj;ij milfpd;wjh vdg;ghu;f;Ff.

G+r;rpaj;ij milatpy;;iyNay; G+r;rpaj;ij milAk; tiuap;y; khWe; jilapidr;

Row;Wf. gpd;du; gd;khdpapd; Kidfis jilapapd; Kidfshy; njhLf.

Rl;bapdhy; fhl;lg;gLk; thrpg;gpdhy; Fwpj;;j jilapapd; ngWkhdk; fpilf;Fk;.

,q;Fk; kpff; $ba tPr;rpy; Muk;gpj;J nghUj;jkhd kpff; Fiwe;j tPr;R fpilf;Fk;

tiuapy; Roy;Mspiar; nrg;gQ;nra;f.

 khWe;jil ,opthFkhW nrg;gQ;nra;jNghJk; nghJj;jilr; Rl;bahdJ. jiltPr;rpd;

G+r;rpaj;ij milatpy;iynadpd;> gd;khdpapy; cs;s cyu; fyj;Jf;Fg; gjpyhfg;

GjpaNjhu; cyu; fyj;ij ,Ljy; Ntz;Lk; vd;gijf; ftdj;jpw;nfhs;f.

 Nrkpg;Gf; fyj;jpdhy; Rw;Wf;F toq;fg;gLk; mOj;j tpj;jpahrk; 3V MFkhW

,upa epWj;jpiar; nrg;gQ;nra;f.
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Nju;r;rp 21 : kpd ; cgfuzq;fisg ; guhkupg ;gjw ;Fk; kpd ;Rw ;Wf ;fisj ;

jpl;lkpLtjw;Fk; kpd; gw;wpa mwpitg; gad;gLj;Jthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

² Nthy;w;Wkhdp (0 - 5V)

²  mk;gpau;khdp (0 - 5A)

² 6V   Nrkpg;Gf; fyk;

² ,upa epWj;jp  ( 0 - 100 

² Msp 1

² ief;fpNuhk; fk;gp  8  msTld; $baJ.

² fhl;Nghl; Foha; ( 2cm  tpl;lKk;  6cm ePsKk; cs;sJ.)

² ,izg;Gf; fk;gp

² xypngUf;fp ,izg;Gr; Nrhbfs; (2 gang speaker connectors) 4

² xl;Lg;gyifj; Jz;L (15 cm x10 cm)

Nfhl;ghL:

  jilf;fk;gpr; RUspd; Clhfg; ghAk;

kpd;Ndhl;lk; I ck; mjD}lhf mOj;j

tpj;jpahrk; V ck; fk;gpr; RUspd; jil R
ck; Mapd; Xkpd; tpjpf;fika>

V = IR
I ,w;F vjpNu V tiuG> cw;gj;jpg; Gs;spf;F

Clhfr; nry;Yk; xU Neu;Nfhlhapd; Xkpd;tpjp

cz;ikahdJ vd;gJ ep&gzkhFk;.

Kiw:

 jug;gl;Ls;s fhl;Nghl; Fohapd; kPJ jilf; fk;gpia (ief;fpNuhk; fk;gpiar;)

Rw;Wf. KWf;Ffs; xd;iwnahd;W njhlhjthW KWf;FfSf;F ,ilNa rpwpa

,ilnsptpl;L fk;gpiar; Rw;Wf. fk;gpapd; Kidfisf; FohapypUe;J ntspNa

vLj;;jy; Ntz;Lk;.

nra;Kiwg; gupNrhjid - 20

Xkpd;tpjpia tha;g;Gg;ghu;j;jy;

( )

V

A

6V

V

I
0
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 jug;gl;Ls;s Jizf;$Wfisg; gad;gLj;jp xypngUf;fp ,izg;Gf;fs;

nghUj;jg;gl;Ls;s gyifkPJ Rw;iw mikf;Ff. Mspia %b mk;gpau;khdpapd;

Clhf Vwj;jho 0.1 A Xl;lj;ijg; ghAkhW ,upaepWj;jpiar; nrg;gQ;nra;J

mk;gpau;khdp thrpg;igAk; Nthy;w;Wkhdp thrpg;igAk; gjpTnra;J nfhs;f.

 ,upaepWj;jpiar; nrg;gQ;nra;J 0.1 A tPjk; mjpfupj;J Fwpj;j Nthy;w;Wkhdp

thrpg;Gf;fisg; ngw;W mtw;iwg; gpd;tUk; ml;ltizapy; gjpTnra;f.

thrpg;Gf;fSk; fzpj;jYk;

     

Xl;lk; I(A)

mOj;j tpj;jpahrk; V(V)

  I ,w;F vjpNu V I tiughf;Ff.

ngWNgW : tiuG cw;gj;jpg; Gs;spf;F Clhfr; nry;Yk; xU Neu;Nfhlhf ,Ug;gjhy;

Xkpd;tpjp cz;ikahdJ vd ep&gzkhfpd;wJ.

fye;Jiuahly; :

 tiugpd; gbj;jpwidf; fzpf;Ff. gd;khdp %yk; fk;gpr; RUspd; jilia mse;J

mg;ngWkhdj;ijg; gbj;jpwd; ngWkhdj;Jld; xg;gpLf. cq;fsJ fUj;Jf;fisj;

njuptpf;Ff. gupNrhjidfis NkYk; ntw;wpfukhf;fpf; nfhs;tjw;fhd cq;fsJ

gpNuuizfisj; jUf.
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G

N

G

NS

nra;Kiwg; gupNrhjid - 21

flj;jpr; RUnshd;wpy; J}z;lg;gLk; kpd;dpaf;f tpirkPJ nry;thf;Fr;
nrYj;Jk; fhuzpfisr; Nrhjpj;jwpjy;

Nju;r;rp 21 : kpd; cgfuzq;fisg; guhkupg;gpw;Fk; kpd;Rw;Wf;fisj;

jpl;lkpLtjw;Fk; kpd;gw;wpa mwpitg; gad;gLj;Jthu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

²  xj;j rl;lf; fhe;jq;fs; 2

    ² FWf;Fntl;Lg; gug;gsT NtWgl;l> vdpDk; rkkhd KWf;Ffisf;

nfhz;l cUis tbtf; fk;gpr; RUs;fs; (tupr;RUs;fs;)

² xNu FWf;Fntl;Lg; gug;gsT> ntt;NtW njhif KWf;FfisAk;

nfhz;l fk;gpr; RUs;fs;.

² czu;jpwd;kpf;f fy;tNdhkhdp (ikag;G+r;rpa fy;tNdhkhdp)

² ,izg;Gf; fk;gpfs;.

Nfhl;ghL :

flj;jpf; fk;gpapy; kpd;dpaf;ftpir J}z;lg;gLk;NghJ fy;tNdhkhdpapy; jpwk;gy;

Vw;gLk;. fhe;jg;Gyk; khWfpd;wikapdhNyNa ,J epfOfpd;wJ.

J}z;lg;gLk; kpd;dpaf;ftpirapd;kPJ nry;thf;Fr; nrYj;Jk; fhuzpfs; tUkhW.

² RUspd; KWf;Ffspd; vz;zpf;if

² fhe;jj;jpd; typik

² RUspd; FWf;Fntl;Lg; gug;gsT.

² RUis mirf;Fk; Ntfk;.

Kiw :

 glj;jpy; fhl;bAs;sthW RUspd; fPo; me;jq;fspuz;Lf;FkpilNa czu;jpwDs;s

fy;tNdhkhdpiaj; njhLj;J mjd; mUNf fhe;jj;ij Xa;tpy; itf;Ff.

 fhe;j tlKidia / njd;Kidiar; RUspd;ghy; nfhz;L nrd;wthW

fy;tNdhkhdpapd; jpwk;giyr; Nrhjpf;Ff.

 fhe;j tlKidia / njd;Kidiar; RUSf;F mg;ghy; nfhz;L nrd;wthW

jpwk;giyr; Nrhjpf;Ff

 Vffhyj;jpy; ,uz;L fhe;jq;fis RUis Nehf;fpf; nfhz;Lnrd;wthW jpwk;giyr;

Nrhjpf;Ff.
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G

NS

A

B

 KWf;Ffspd; vz;zpf;if NtWgl;l RUs;fisg; gad;gLj;jp jpwk;giyr; Nrhjpf;Ff.

 FWf;Fntl;Lg; gug;gsT NtWgl;l (rkkhd vz;zpf;if KWf;FfSs;s

RUs;fSf;fhf) fy;tNdhkhdpapd; jpwk;giyr; Nrhjpf;Ff.

thrpg;Gf;fSk; fzpj;jYk; :



re;ju;g;gk; fy;tNdhkhdp jpwk;gy;

1

2

3

4

5

6

ngWNgW :

fhe;jg;Gynkhd;Wld; njhlu;GWk; RUnshd;wpy; J}z;lg;gLk; kpd;dpaf;f tpir

 fhe;j typik mjpfupf;Fk;NghJ. ...............................................................................................

 RUspd; KWf;Ffspd; vz;zpf;if mjpfupf;Fk;NghJ.....................................................

 fhe;jj;ij mirf;Fk; fjp mjpfupf;Fk;NghJ.......................................................................

 RUspd; FWf;Fntl;Lg; gug;gsT mjpfupf;Fk;NghJ.......................................................

fye;Jiuahly; :

 kpd;fhe;jj; J}z;ly; gpuNahfpf;fg;gLk; ,lq;fs; mt;thW gpuNahfpf;fg;gLk; tpjk;

Mfpad njhlu;ghf tpUj;jp Nehf;fpahd gpNuuizfis Kd;itf;fr;

re;ju;g;gkspf;Ff.

Fwpg;G :

 RUis Nehf;fpf; fhe;jj;ijf; nfhz;Lnry;Yk; fjpiaf; fl;Lg;gLj;Jk; Xu;

mikg;ghfg; gpd;tUk; mikg;gpidg; gad;gLj;jyhk;.

 fhe;jj;ijg; glj;jpy; fhl;bAs;sthW Xu; ,ioapy; fl;bj; njhq;ftpl;L mjd;

kpfj; jho;thd mikT RUspd; vjpNu ,Uf;FkhW nrg;gQ;nra;J ,io

<u;f;g;gl;bUf;FkhW fhe;jj;;ijr; rw;W ,lk;ngau;j;J tpLtpf;Ff. jhq;fpapy;

,izf;fg;gl;Ls;s fhe;jj;jpd; E}ypdJ ePsj;ijf; Fiwf;Fk;NghJ fjp

mjpfupg;gNjhL ePsj;ij mjpfupf;Fk;NghJ fjp FiwtilAk;.
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efUk; EZf;Ff;fhl;biag; gad;gLj;Jtjw;Fupa mwpTWj;jy;fs;

  efUk; EZf;Ff;fhl;bapd;> EZf;Ff;fhl;bg; gFjpAld; Ntzpau; msTj; jpl;lj;ij

epiyf;Fj;jhf mirg;gjw;fhf.

 Ez; nrg;gQ;nra;iff;fhf  jpUfhzpj;jiy Y  IAk;

 gUk;gbr; nrg;gQ;nra;iff;fhd msTj; jpl;lj;jpd; gpd;GwkhfTs;s MzpiaAk;

gad;gLj;Jf.

 epiyf;Fj;J msTj; jp;l;lj;ijf; nfhz;l Gaj;ijf; fpilahf ,lk;ngau;f;Fk;NghJ

 Ez; nrg;gQ;nra;tjw;fhf X jpUFj; jiyiaAk;

 gUk;gbr;nrg;gQ;nra;iff;fhf fpilNkilkPJ msTj; jpl;lj;Jf;Fg; gpd;Gwkhf

cs;s MzpiaAk; gad;gLj;Jf.

 thrpg;Gf;fisg; ngWk; Ntisapy; Z jpUF %yk;  vt;tpj nrg;gQ; nra;ifiaAk;

nra;jyhfhJ.

 EZf;Ff;fhl;bg; gFjpia epiyf;Fj;jhf;Ftjw;fhf my;yJ fpilahf;Ftjw;fhf T

Gaj;ijg; gad;gLj;Jf.

 thrpg;G ngWtjw;fhf FWf;Ff; fk;gpfs; ClWf;Fk; ,lj;ij Fwpj;j Gs;spkPJ topg;gLj;Jf.

  ,wg;gh;f; Fohnahd;wpy; my;yJ kapu;j;Jisf; Fohnahd;wpd; FWf;Fntl;L tpl;lj;ij

msg;gjw;fhf mf;Foha;j;Jz;il fpilahfj; jhq;fpnahd;wpy; ,izj;J EZf;Ff;

fhl;bapd;ghy; FWf;Fntl;il topg;gLj;jp gpd;tUk; gbKiwfisg; gpd;gw;Wf.

  EZf;Ff; fhl;bg; gFjpiaf; fpilahf mikj;J (T Gaj;jpdhy;) Z

jpUFj;jiyiaj; jpUfp Fohapd; FWf;Fntl;L njspthfj; njupAk;

re;ju;g;gj;ijg; ngWf. gpd;du; epiyf;Fj;Jj; jpUFj; jiy (Y) IAk; fpilj;

jpUFj; jiy (X) IAk; jpUFtjd; %yk; cupa Ntzpau; thrpg;igg; ngWf

Y

X

Z
T
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 thrpg;Gf;fs; %yk; ngw;w fpil epiyf;Fj;J tpl;lg; ngWkhdq;fisg; ngWf.

  

2 2

2 2

    
     

     

ntsptpl; lk; cs;tpl; lk;
FWf; Fntl; Lg; gug; gsT x

  
   

22

2 2
QP

 

 
  

 

a

b

c

d
P Q R S

(i) (ii)

mstPL tpl;l mstPl;Lf;fhff; fpilf;Fk; ngWkhdk;

(i) mm             (ii)mm      ,ilg;ngWkhdk;  mm

ntsptpl;lk; d-a =..... c-b =..... ...............(p)

cs;tpl;lk; s-p =..... p-q =..... ...............(q)
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Nju;r;rp 22 : ntt;NtW ,urhadf; ifj;njhopy;fs; rhu ;e ;j njhopDl;g

nrad;Kiwfisj; Njbawpthu;.

gupNrhjid 01( ghlrhiy Ma;T $lj;jpy; rtu;f;fhur; nrad;Kiwiaf; fw;wha;thu;.

Njitahd nghUl;fSk; cgfuzq;fSk; :

²  Njq;fhnaz;nza;  - 5 g .

² Nrhbaikjnuhl;irl;L

² NaCl,   vjNdhy;

² 100 ml Kfit 10

² 250 ml Kfit 10

² Gf;Fdu; Gdy;.

² Gf;Fdu; FLit

² ePUwpQ;R gk;gp

² tbjhs; 8

² gd;rd; RluLg;Gk; Kf;fhypAk;

² gdpf;fl;b ePu; (Ice water)

² ntg;gkhdp

² fz;zhbf;Nfhy;

² ,urhadj; juhR

² 50 ml msTr;rhb

Nfhl;ghL : rtu;f;fhuj; jahupg;ig cjhuzkhff; nfhz;L ntt;NtW mbg;gilr;

nray;fspd; xOq;FKiwia khw;WjyhdJ tpisnghUnshd;wpd;

mstpYk; juj;jpYk; nry;thf;Fr; nrYj;Jk; tpjj;ijf; fw;wha;jy;.

Kiw :

² 50 ml ePiu mse;J 100 ml Kfitnahd;wpy; ,l;L me;ePupy; NaCl ,l;Lf; fiuj;J

epuk;gpa NaCl fiurnyhd;iwj; jahupj;Jf;;nfhs;f.

² nghUj;jkhd msT NaOH  ,id mse;J 250 ml Kfitnahd;wpy; ,l;L 20%

^w/
w
%&  fiury; 120 ml jahupj;Jf;nfhs;f.

² 100 ml Kfitnahd;wpy;  5 g Njq;fhnaz;nzia (jhtu vz;nza;)  mse;J

,l;Lf;;nfhs;f> gpd;du; NaOH  ePu;f;fiury; 15 ml mse;njLf;f. fdtsT

kl;lj;Jf;fhd Xu; milahsj;ij Kfitapd; ntspNkw;gug;gpy; Fwpj;Jf;nfhs;f.

² Njq;fhnaz;nzAk; (vjNdhy; mlq;fpa) NaOH ePu;f;fiurYk; nfhz;l

,f;fyitia xd;whff; fyf;fpathW kpf nkJthf ntg;gNkw;Wf. Muk;g

ntg;gepiyiag; gjpTnra;J nfhs;f. ,uz;L epkplj;Jf;F xU jlit

ntg;gepiyia mse;Jnfhs;f. ,Wjp ntg;gepiy 70 0C I milAk; tiu 15

epkpl Neuk; njhlu;e;J ntg;gNkw;Wf.

nra;Kiwg; gupNrhjid - 22

ghlrhiy Ma;T$lj;jpy; rtu;f;fhu cw;gj;jpr; nrad;Kiwiaf; fw;wha;thu;
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² ntg;gepiy 70 0C I mile;j gpd;du; mt;ntg;gepiyapy; 30 epkplNeuk;

ntg;gNkw;wpathW fyf;Ff / JohTf. ePUk; vjNdhYk; Mtpahfpr; nry;tjd;

tpisthf fiug;ghd; kl;lk; FiwtilAkhapd; ,ilapilNa rktsthf

ePUk; vjNdhYk; Nru;j;Jj; jahupj;j fiurypd; nghUj;jkhd fdtsTfisr;

Nru;j;Jf;nfhs;f.

² #lhd fiurypy; rk msTfis ^15 ml tPjk;& ,uz;L gFjpfshf

Ntwhf;fpf;nfhs;f.

² xU gFjpia ^A'& epuk;gpa NaCl fiurypd; 25 ml fdtsTld; rpwpJ rpwpjhfr;

Nru;f;Ff'

² kw;iwa gFjpAld; ^A"& epuk;gpa fiurypd; 25 ml fdtsitr; rpwpJrpwpjhfr;

Nru;f;Ff.

² ,e;j  A' , A"  ,uz;L fiury;fisAk; gdpf;fl;b ePupy; mkpo;j;jp NkYk;

Fspu;j;Jf.

² Njq;fhnaz;nza; 5 g vjNdhy; 15 ml kw;Wk;  20% ^w/w%& NaOH  15 ml

Mfpatw;iwg; gad;gLj;jp Nkw;Fwpg;gplg;gl;lthW #lhd rtu;f;fhuf;

fiurnyhd;iwj; jahupj;Jf;nfhs;f mf;fiuriyr; rkmsT tPjk; ,uz;L

gFjpfshfg; ^15 ml ) gpupj;Jf;nfhs;f.

²  mtw;Ws; xU fdtsTg; gFjpia  (B') gdpf;fl;b ePupy; mkpo;j;jpf; Fspu;j;Jf.

5 epkplj;Jf;F xUjlit tPjk; ntg;gepiyia msf;Ff. gpd;du; epuk;gpa

NaCl fiurypd; 25 ml I vLj;J jlitf;F 5 ml tPjk;> Fspu;;;j;jpa rtu;f;fhuf;

fiurYld; gbg;gbahfr; Nru;j;Jf; FsputpLf.

² epuk;gpa NaCl fiurypd; 25 ml fdtsitg; gdpf;fl;b ePupy; mkpo;;j;jpf; FsputpLf.

Fspu; epiyia mile;jJk; mjDld; #lhd rtu;f;fhuf; fiurypd; kPjpg;

gFjpia (B”) jlitf;F 5 ml tPjk; Nru;f;Fk; ntg;gepiyia mse;Jnfhs;f.

Fspu tpLf.

² 5 g Njq;fhnaz;nza; 20% (w/w %) NaOH fiurypd; 5 ml, ePu; 15 ml Mfpatw;iwg;

gad;gLj;jp Nkw;Fwpg;gplg;gl;lthW rtu;f;fhuf; fiuriyj; jahupj;Jf;nfhs;f.

#lhff; fiuriyr; rkkhd ,uz;L gFjpfshfg; gpupj;Jf;nfhs;f.

² #lhd xU fiuriy (C’) miu ntg;gepiyapy; FsputpLf. gpd;du; epuk;gpa

NaCl fiurypd; 25 ml fiuriyr; rpwpJ rpwpjhfr; Nru;f;Ff. miw ntg;gepiyf;Ff;

Fspu;j;Jk; re;ju;g;gj;jpy; 5 epkplj;Jf;F xU jlit ntg;gepiyia mse;Jnfhs;f.

² fiurypd; ,uz;lhk; gFjpia (C”) gdpf;fl;b ePupy; mkpo;j;jpitj;Jf; Fspur;

nra;f. mjDld; gbg;gbahf epuk;gpa NaCl fiurypd; 25 ml Nru;j;Jf; FsputpLf.

² 5g Njq;fhnaz;nza; 20% (w/w%) NaOH  15 ml, vjNdhy; 15 ml, epuk;gpa NaCl

fiury; 50 ml Mfpatw;iwf; fye;J Nkw;Fwpg;gpl;lthW ntg;gNkw;wp njspthd

rtu;f;fhuf; fiurnyhd;W jahupj;Jf;nfhs;f. mjidg; gdpf;fl;bePupy; mkpo;j;jpf;

Fspu;j;Jf.

² tbjhspd; jpzpit mse;J gjpTnra;Jnfhs;f. (w
1
)

² rtu;f;fhuk; tPo;gbtJ G+u;j;jpaile;j gpd;du;> Gf;Fdu; Gdy;> Gf;Fdu; FLit>

cwpQ;rw;gk;gp Mfpatw;iwg; gad;gLj;jp rtu;f;fhuj;ij Ntwhf;fpf;nfhs;f.

tbjhSld; <ur;rtu;f;fhuj;jpd; jpzpit (w
2
) mse;J gjpTnra;Jnfhs;f.
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² 70 0C f;F nrg;gQ;nra;ag;gl;l fdyLg;gpy; (Oven) ,l;L Vwj;jho xU kzp

Neuk; cyutpLf. cyu; rtu;f;fhuj;jpd; jpzpit mse;J gjpT nra;Jnfhs;f.

(W
3
)

ngWNgW :

 NaOH  fiury; jahupg;gjw;Fj; Njitahd NaOH ,d; msitf; fzpj;j tpjj;ijj;

jUf.

 ntg;gNkw;Wk; NtisapYk; Fspu;j;Jk; NtisapYk; mse;jwpe;j ntg;gepiyfisf;

nfhz;L ,r;re;ju;g;gq;fSf;Fupa ntg;gepiy - Neu tiuGfis tiuf.

 me;je;jr; re;ju;g;gj;jpy; fpilj;j rtu;f;fhuj;jpd; msTfisAk;> cyu;j;Jk;NghJ

ntspNawpa ePupd; msTfisAk; ml;ltizg;gLj;Jf.

rtu;f;fhu w
1      

w
2 

   <ur; rtu;f;fhuk;   w
3
   cyu; rtu;f;fhuk;  ntspNawpa ePu;

khjpup              w2
-w

1
                 w

3
-w

1             
       w

3
-w

2

  
A'

 A"

 B'

 B"

 C'

 C"

 D

 me;je;j Kiwapd;;NghJ fpilj;j rtu;f;fhu tpisr;riyg; gpd;tUkhW fzpf;Ff.

3 1(w  - w ) ×100

(5 g)

cyu; rtu; f; fhuj; jpd; jpzpT 

rtu; f; fhu tpisr; ry;
Njq; fhnaz; nza;apd; jpzpT 

fye;Jiuyahly;

 me;je;jg; gupNrhjidapy; mbg;gilahd nray;fspd; xOq;FKiwapd;gb

Njq;fhnaz;nza;f;Fr; rhu;ghf rtu;f;fhu tpisr;ry; NtWgLk; tpjj;ijf;

fye;jhNyhrpf;Ff.

 me;je;j rtu;f;fhu khjpupapd; juk; njhlu;ghff; fz;lwptjw;Fg; nghUj;jkhd

Kiwfisg; gpNuupf;Ff.


