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Unit 1 mstPL 

Unit 2 ,af;fk; 
 

Unit 3 gha;kq;fs; 
jputq;fs; kw;Wk; thAf;fs; 

 
Unit 4 kpd;D}l;lKk;> kpd;Ndhl;lKk; 

 
Unit 5 fhe;jtpay; kw;Wk; kpd;fhe;jtpay; 

Unit 6 xsp 

Unit 7 ntg;gk; 
 

Unit 8 xyp 
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Unit 10 ek;ikr; Rw;wpAs;s nghUl;fs; 

Unit 11 mZ mikg;G 

Unit 12 jdpkq;fspd; tifghl;L ml;ltid 

Unit 13 Ntjpg;gpizg;G 

Unit 14 mkpyq;fs;> fhuq;fs; kw;Wk; cg;Gfs 

Unit 15 fhh;gDk; mtw;wpd; Nrh;kq;fSk; 
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9thmwptpay; 
myF 1 
mstPL 

 
mwpKfk;: th;fP]; 
 
mwptpay; rhh;e;j gphpTfs; midj;jpw;Fk; mstPLfNs mbg;gilMFk;. ,J> ek;Kila 
md;whltho;f;ifapYk; Kf;fpag;gq;F tfpf;fpwJ. cd; cauj;ijf; fhz;gJ> cd; tPl;bw;Fg; 
ghy; thq;FtJ> cdJ ez;gd; Xl;lg;ge;jaj;jpy; Xba Neuj;ijf; fzf;fpLtJ Nghd;w 
nray;fspy; mstPLfs; Njitg;gLfpd;wd. mstPL vd;gJ vt;tsT ePsk;. vt;tsT fdk;> 
vt;tsT Ntfk; Nghd;w Nfs;tpfSf;Fg; gjpyspf;fpd;wJ. mstPL vd;gJ>xU nghUspd; 
gz;igNah my;yJ epfo;itNah kw;nwhUnghUspd; gz;G my;yJ epfo;Tld; xg;gpl;L 
mg;nghUSf;F my;yJ epfo;Tf;F xU vz;kjpg;ig toq;FtjhFk;. xUnghUspd; msT kw;Wk; 
vz; kjpg;igj; jPh;khdpg;gNj mstPL vd;WtiuaWf;fg;gLfpwJ. ,e;jg; ghlg;gFjpapy; 
mstPl;bd; myFfs; kw;Wk; mstpLk; fUtpfspd; gz;Gfs; gw;wpePq;fs; fw;Wf;nfhs;s 
,Uf;fpwPh;fs;.  
 
,aw;gpay; msTfs;:  
 
mstplf; $ba msTfis ,aw;gpay; msTfs; vd;fpNwhk;. ,aw;gpay; msTfis 
,uz;lhftifg;gLj;jyhk;. mit: mbg;gil msTfs; kw;Wk; top msTfs; MFk;. NtW 
ve;jnthU mstpdhYk; mstpl Kbahj msTfismbg;gil msTfs; vd;fpNwhk;. 
vLj;Jf;fhl;L: ePsk;. epiw> fhyk; kw;Wk; ntg;gepiy. NtWmsTfspdhy; mstplf;$ba 
msTfs; top msTfs; vdg;gLk;. vLj;Jf;fhl;L: gug;gsT> fdmsT kw;Wk; mlh;j;jp.  
 
,aw;gpay; msTfSf;F vz; kjpg;Gk; (xUvz;)>mstpLk; myFk; cz;L vLj;Jf;fhl;L : 3 
fpNyhfpuhk;. eP fil xd;wpy; 3 fpNyhfpuhk; fha;fwpfs; thq;Ftjhfitj;Jf; nfhs;Nthk;. 
,jpy;> 3 vd;gJvz;kjpg;G>fpNyhfpuhk; vd;gJ myF MFk;. myFfisg; gw;wpehk; ,g;gFjpapy; 
NkYk; fhz;Nghk;.  
 
myF:  
myF vd;gJ njhpahj msT xd;Wld; xg;gplf;$ba gbj;jukhd msTMFk;. Tpjp my;yJ 
kugpd; gb Vw;Wf; nfhs;sg;gl;l Fwpg;gpl;l vz;kjpg;ig cila ,aw;gpay; msNt myF 
vd;W tiuaWf;fg;gLfpwJ. cjhuzkhf> mb vd;gJ ePsj;ijmstplf;$ba myF MFk;. 10 
mb vd;gJ 1 mb’vd;w tiuaWf;fg;gl;lePsj;ijg; Nghd;W 10 klq;Fvd;gijf; Fwpf;fpwJ.  
 
Ke;ija fhyq;fspy;> ntt;NtW myF Kiwfs; ntt;NtW ehl;L kf;fshy; gad;gLj;jg;gl;L 
te;jd. mt;thW gad;gLj;jg;gl;l myF Kiwfs; jug;gl;Ls;sd.  
  
gd;dhl;LmyFKiwfs; 
 

myFKiw ePsk; epiw fhyk; 
CGS nrd;bkPl;lh; fpuhk; tpdhb 

FPS mb gTz;l; tpdhb 

MKS kPl;lh; fpNyhfpuhk; tpdhb 

 
Mdhy;> ,uz;lhk; cyfg;Nghhpd; Kbtpy;> cyf mstpyhd myF Kiwf;fhd mtrpak; 
Vw;gl;lJ. vdNt> 1960 Mk; Mz;L>ghhp]; efhpy; vilfs; kw;Wk; msTfSf;fhd 
nghJkhehl;by; SI myF KiwahdJ (gd;dhl;LmyFKiw) cyfehLfspd; gad;ghl;bw;fhf 
cUthf;fg;gl;L> ghpe;Jiuf;fg;gl;lJ.  
 
SI myF Kiw 
 
SI myF Kiw vd;gJ gz;ila myF Kiwfis tpl etPdkakhd kw;Wk; Nkk;gLj;jg;gl;l 
myF KiwahFk;. Vwf;Fiwa cyfpYs;s midj;J ehLfshYk; ,k;Kiwah dJ Vw;Wf 
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;nfhs;sg;gl;Ls;sJ. ,J> rpy mbg;gilahd myFfisf; nfhz;lJ. me;j mbg;gil 
myFfspypUe;J Kiwahd ,izg;gpd; %yk; gpw top myFfisg; ngwKbAk;. SI myF 
Kiwapy; VO mbg;gil myFfs; (fundamental units) cs;sd. Mit mbkhd myFfs; 
(Base units) vd;Wk; toq;fg;gLfpd;wd.  
 
mbg;gilmsTfismstplg; gad;gLk; myFfs; mbg;gilmyFfs; vd;Wk; top 
msTfismstplg; gad;gLk; myFfs; top myFfs; vd;Wk; miof;fg;gLfpd;wd.  
 
 
mbg;gilmsTfSk; mtw;wpd; myFfSk;:  
   

mbg;gilmsT myF FwpaPL 
ePsk;  kPl;lh; m 
epiw fpNyhfpuhk; kg 
fhyk; tpdhb s 
ntg;gepiy nfy;tpd; K 
kpd;Ndhl;lk;  Mk;gpah; A 
Xspr;nrwpT Nfz;byh Cd 
nghUspd; msT Nkhy; Mol 
 

,e;j VO mbg;gilmyFfspd; Jiznfhz;L>gpw top msTfspd; myFfs; 
tUtpf;fg;gLfpd;wd.   
 

 mbg;gilmyFfs;:  
ePsk;  
 
,U Gs;spfSf;F ,ilg;gl;lnjhiyTePsk; vdtiuaWf;fg;gLfpwJ. ePsj;jpd; 
SImyFkPl;lh; MFk;. xspahdJ1/29, 97, 92, 458 tpehbapy; ntw;wplj;jpy; flf;Fk; 
J}uNkxUkPl;lh; vdg;gLk;.  
 
top msTfSk; mtw;wpd; myFfSk;  
 

t.vz; ,aw;gpay; msT tha;g;ghL myF 
1. gug;G ePsk; х  mfyk; kP2 (m2) 
2. gUkd;  ePsk; х  mfyk; х  cauk; kP3(m3) 
3. mlh;j;jp epiwх  gUkd; fp.fp/kP (kg/m3) 
4 jpirNtfk;  ,lg;ngah;r;rp/ fhyk; kP/tp(m/s) 
5. ce;jk;  epiwх jpirNtfk;  fp.fpkP/tp(kgms-1) 
6. KLf;fk;  jpirNtfk; /fhyk;  kP/tp2 (m/s2) 
7. tpir epiwх KLf;fk;  fp.fp.kP/ tP2(kgms-

2my;yJepA+l;ld; (N) 
8. mOj;jk; Tpirх gug;gsT epA+l;ld; / kP2(N/m2) 

my;yJgh];fy; (Pa) 
9. Mw;wy; (Ntiy) tpirх  njhiyT epA+l;ld; хkP(Nm) 

my;yJ [{y; (J) 
10. gug;G ,Otpir tpir/ ePsk;  epA+l;ld; / kP(N/m) 

 
kpfg;nghpa J}uq;fis (v.fh: thdpay; nghUs;fSf;fpilNaahd J}uq;fs;) mstplehk; 
fPo;f;fz;lmyFfisg; gad;gLj;JfpNwhk;.  

• thdpay; myF 
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• xspMz;L 
• tpz;zpay; Muk;  

 
thdpay; myF(AU) : thdpay; myFvd;gJGtpikaj;jpw;Fk; #hpadpd; ikaj;jpw;Fk; 
,ilNaahdruhrhpj; njhiyTMFk;.  
 
xUthdpay; myF(1AU) = 1.496 х 1011kP 
 
xspMz;L : xspMz;Lvd;gJxspahdJntw;wplj;jpy; Xuhz;Lfhyk; gazk; nra;Ak; 
njhiyTMFk;.  
 
xUxspMz;L= 9.46 х 1015kP 
tpz;zpay; Muk; (Parsec):tpz;zpay; Muk; vd;gJ #hpa FLk;gj;jpw;FntspNacs;sthdpay; 
nghUl;fspd; J}uj;ijmstplg; gad;gLfpwJ.  
 
xUtpz;zpay; Muk; = 3.26xspMz;L 
 

nghpamyFfs; kjpg;G (kPl;lhpy;)  
fpNyhkPl;lh; (km) 103kP 

thdpay; myF(AU) 1.496 х 1011kP 
XspMz;L 9.46 х 1015kP 
tpz;zpay; Muk;  3.08 х 1016kP 

 

ekf;FkpfmUfpy; cs;sel;rj;jpuk; My;/ghnrd;lhhp(Alpha centauri) #hpadpypUe;J 1.34 
tpz;zpay; Muj;njhiytpy; ,J cs;sJ. ,uTNeuq;fspy; ekJntWk; fz;zpw;Fj; njhpAk; 
el;rj;jpuq;fs; #hpadpypUe;J 500 tpz;zpay; Muj;njhiytpw;Fs; cs;sd.  
 
xU %yf;$wpy; cs;s ,U mZf;fSf;F ,ilNaahdnjhiyT>cl;fUtpd; msT>xspapd; 
miyePsk; Nghd;wtw;iwmstplgj;jpd; Jizg; gd;klq;Ffs; gad;gLfpd;wd. ,it 
Mq;];l;uk; vd;wmyfhy; mstplg;gLfpd;wd.  
 
rpwpamyFfs;:  
 

rpwpamyFfs; kjpg;G (kPl;lhpy; 
/nghpkp(f) 10-15kP 

Mq;];l;uk; (A˚) 10-10kP 

NeNdhkPl;lh; (nm) 10-9kP 

ikf;uhd; (ikf;NuhkPl;lh; µm) 10-6kP 

kpy;ypkPl;lh; (mm) 10-3kP 

nrd;bkPl;lh; (cm) 10-2kP 

 
SImy;yhjgpwmyF SI myFld; gad;gLj;JtJ ,y;iy.  
 
epiw:  
epiwvd;gJxUnghUspy; cs;sgUg;nghUl;fspd; msthFk;. epiwapd; SImyFfpNyhfpuhk;. 
xUfpNyhfpuhk; vd;gJgpuhd;]; ehl;by; nrt;u]; vDk; ,lj;jpYs;svilkw;Wk; 
mstPLfSf;fhdgd;dhl;Lmikg;gpy; itf;fg;gl;Ls;sgpshl;bdk; - ,hpbak; 
cNyhff;fyitahy; nra;ag;gl;lKd; khjphpcUisapd; epiwMFk;.  
 
fpuhk; kw;Wk; kpy;ypfpuhk; fpNyhfpuhk; MfpamyFfs;>fpNyhfpuhk; vd;wmyfpd; Jizg; 
gd;klq;Ffs; MFk;. mijg;NghyNt>Ftpz;lhy; kw;Wk; nkl;hpf; ld; MfpaitfpNyhfpuhk; 
vd;wmyfpd; gd;klq;Ffs; MFk;.  
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1 fpuhk;   = 1/ 1000 fp.fp= 0.001 fp.fp 
1 kpy;ypfpuhk;  = 1/1000000fp.fp= 0.000001fp.fp 
1 Ftpz;lhy;  = 100 × 1 fp.fp=100fp.fp 
1 nkl;hpf; ld;  =1000 × 1 fp.fp. = 10Ftpz;lhy;  
mZepiwmyF 
 
GNuhl;lhd;>epA+l;uhd; kw;Wk; vyf;l;uhd; Nghd;wJfs;fspd; epiwiamZepiwmyfhy; 
mstplyhk;.  
 
mZepiwmyF(a amu = C12mZtpd; epiwapy; 1/12 klq;FMFk;.  
 
fhyk;:  
fhyk; vd;gJepfo;TfisAk; mtw;wpw;fpilNaahd ,ilntspiaAk; mstplf; $bajhFk;. 
fhyj;jpd; SImyFtpdhbMFk;. xspahdJ 29>97>92>458 kPl;lh; njhiyTntw;wplj;jpy; 
guTtjw;Fj; Njitahdfhyk; xUtpdhbMFk;. tpdhbvd;gJruhrhp #hpa ehspd; 
1/86,400klq;Fvd;Wk; toq;fg;gLfpd;wJ. fhyj;jpd; kpfg; nghpamyFfs; ehs;>khjk;>tUlk; 
kw;Wk; kpy;ypdpak; MFk;. 1 kpy;ypdpak; = 3.16 × 109tpdhb.  
 
ntg;gepiy:  
ntg;gepiyvd;gJntg;gk; kw;Wk; Fsph;r;rpMfpatw;wpd; msitf; Fwpf;fpwJ. ntg;gepiyapd; 
SImyFnfy;tpd; (K)MFk;. nfy;tpd; vd;gJntg;g ,af;ftpaypd; ntg;gepiyapy; ePhpd; 
Kg;Gs;spapd; (Triple point of water) 1/273.16 gpd;dkjpg;GMFk;. ePhpd; 
Kg;Gs;spvd;gJepiwTw;wePuhtp> J}aePh; kw;Wk; cUFk; gdpf;fl;bMfpaitrkepiyapy; ,Uf;Fk; 
ntg;gepiyMFk; OKntg;gepiyvd;gJnghJthfjdpr;Ropntg;gepiyvdg;gLk;. ntg;gepiyapd; 
kw;wmyFfs; bfphpnry;rpa]; (˚C) kw;Wk; /ghud;̀ Pl; (F) MFk;.  
 
myFfSf;fhd Kd;dPLfs;:  
 
myFfSf;fhd Kd;dPLfs; vd;git>xU mstPl;bd; vz;zsitf; Fwpg;gjw;fhf xU myfpd; 
FwpaPl;bw;F Kd;ghf vOjg;gLk; FwpaPLfs; MFk;. mit kpfg;nghpa my;yJ kpfr;rpwpa 
msTfisf; Fwpg;gjw;F gad;gLfpd;wd. fpNyhkPl;lh; vd;gjpy; fpNyh (k) vd;gJ Kd;dPL 
MFk;. Kd;dPL vd;gJ gj;jpd; mLf;fpYs;s Neh;f;Fwp my;yJ vjph;Fwp vz;izf; 
Fwpf;fpd;wJ. xU rpy myFfSf;fhd Kd;dPLfs; nfhLf;fg;gl;Ls;sd.  
 
,aw;gpay; mstPLfspd; kjpg;Gfs; kpfg;nghpa mstpy; khWglf;$bait. ehk; mZtpd; 
cl;fUtpd; Muj;jpid 10-15kP myFfSf;fhd Kd;dPLfs; vd;git> xU mstPl;bd; vdTk;> 
,U tpz;kPd;fSf;F ,ilNaahd njhiyit 1026kP vdTk; Fwpf;fpNwhk;. vyf;l;uhdpd; 
epiwia 9.11 × 10-31fpfp vdTk;> ekJ ghy;topj;jpus; mz;lj;jpd; epiwia 2.2 × 1041 kg 
vdTk; Fwpf;fpNwhk;.  
  
myFfSf;fhd Kd;dPLfs;  
 

gj;jpd; klq;F Kd;dPL FwpaPL 
1015 gPl;lh P 

1012 Nluh T 

109 [pfh G 

106 Nkfh M 

103 fpNyh k 

102 n`f;lh h 

101 nlf;fh da 

10-1 nlrp d 
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10-2 nrd;b c 

10-3 kpy;yp m 

10-6 ikf;Nuh µ 

10-9 ehNdh n 

10-12 gpf;Nfh P 

10-15 /ngk;Nlh f 
 
SI myFfis vOj gpd;gw;w Ntz;ba tpjpfSk;> kuGfSk;  
 

1. mwptpay; mwpQh;fspd; ngah;fshy; Fwpf;fg;gLk; myFfisvOJk;NghJ>Kjy; 
vOj;JnghpavOj;jhf(Capital Letter) ,Uf;ff; $lhJ. v.fh: newton, henry, ampere, 
watt.  
 

2. mwptpay; mwpQh;fspd; ngah;fshy; Fwpf;fg;gLk; mYFfspd; FwpaPLfisvOJk; 
NghJnghpavOj;jhy; vOjNtz;Lk;. v.fh: Newton vd;gJN, Henry vd;gJH, Ampere 
vd;gJA, watt vd;gJW 
 

3. Fwpg;gpl;lngauhy; toq;fg;glhjmyFfspd; FwpaPLfisrpwpavOj;jhy; (Small 
Letter)vOjNtz;Lk;. v.fh: metrevd;gJmkw;Wk; kilogramvd;gJkg.  
 

4. myFfspd;; FwpaPLfSf;F ,WjpapNyhmy;yJ ,ilapNyhepWj;jy; Fwpfs; Nghd;wve;jf; 
FwpaPLfSk; gad;gLj;jf; $lhJ. v.fh: 50 mvd;gij50 m. vd;WFwpg;gplf; $lhJ. 
 

5. myFfspd; FwpaPLfisgd;ikapy; vOjf; $lhJ. 
v.fh10kgvd;gij10kgsvdvOjf;$lhJ.   
 

6. ntg;gepiyianfy;tpd; (kelvin)myfhy; Fwpg;gpLk; NghJbfphpFwp ,lf; $lhJ. v.fh: 
283Kvd;gij293˚KvdvOjf; $lhJ. (nry;rpa]; kw;Wk; ghhd;`Pl; myFfisf; 

Fwpg;gpLk;NghJbfphpFwp ,l Ntz;Lk; v.fh: 100˚Ckw;Wk; 
108˚FvdvOjNtz;LNkjtpu100Ckw;Wk; 108FvdvOjf;$lhJ)  
 

7. myFfspd; FwpaPLfistFf;Fk;NghJrhpTf; (/)Nfhl;bidg; gad;gLj;jyhk;. Mdhy; 
xd;Wf;Fk; Nkw;gl;lrhpTf; NfhLfisg; gad;gLj;jf; $lhJ. v.fh: ms-

1my;yJm/svdvOjyhk;. J / K / mol vdvOjhky; JK-1 mol-1vdvOjNtz;Lk;.  
 

8. vz; kjpg;gpw;Fk;>myFfSf;Fk; ,ilapy; ,ilntsp ,lNtz;Lk;>v.fh: 15kgms-

1vd;WvOjNtz;LNkjtpu15kgms-1vd ,ilntspapd;wpvOjf;$lhJ.  
 

9. Vw;Wf;nfhs;sg;gl;lFwpaPLfiskl;LNkgad;gLj;jNtz;Lk;. v.fh: Ampere 
vd;gijampvd;Nwhsecondvd;gijsecvd;NwhvOjf; $lhJ.  
 

10. ve;jnthU,aw;gpay; mstpd; vz; kjpg;igAk; mwptpay; Kiwg;gbNavOjNtz;Lk;. 
v.fhghjurj;jpd; mlh;j;jpia13600 kgm-3vd;WvOjhky; 1.36 × 104 kgm-3vdvOjNtz;Lk;.  

 
nth;dpah; mstp:  
 
ekJmd;whltho;tpy; nghUl;fspd; ePsq;fismsf;fehk; kPl;lh; msTNfhiyg; 
gad;gLj;JfpNwhk;. mitnr.kPmstpYk; kpkPmstpYk; Fwpf;fg;gl;bUf;Fk;. xUkPl;lh; 
msTNfhypdhy; msf;fKbe;jkpfr; rpwpamsTmjd; kPr;rpw;wsTvdg;gLk;. xUkPl;lh; mstpapd; 
kPr;rpw;wsthdJ 1 kp.kPMFk;. ,jidg; gad;gLj;jpnghUl;fspd; 
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ePsj;jpidkp.kPmsTf;FJy;ypakhfehk; fzf;fplyhk;. nth;dpah; mstpiaf; nfhz;L 0.1 
kp.kPJy;ypakhfTk;>jpUFmstpiaf; nfhz;L 0.01 kpkPJy;ypakhfTk; ek;khy; mstplKbAk;.  
 
nth;dpah; mstpapd; mikg;G:  
 
nr.kPkw;Wk; kp.kPmstPLfs; Fwpf;fg;gl;lxUnky;ypacNyhfg; gl;ilianth;dpah; 
mstpnfhz;Ls;sJ. ,J Kjd;ikmsTNfhy; vdg;gLfpwJ.  
 
cNyhfg; gl;ilapd; ,lg;gf;fKidapy; Nky;Nehf;fpakw;Wk; fPo; Nehf;fpajhilfs; Kjd;ikf; 
NfhYf;Fr; nrq;Fj;jhfg; nghUj;jg;gl;Ls;sd. ,it epiyahdjhilfs; vdg;gLk;.  
 
Nky; kw;Wk; fPo; Nehf;fpa,aq;Fk; jhilfiscilaeOtpepiyahdjhilapy; tyJGwj;jpy; 
nghUj;jg;gl;Ls;sJ. jpUfpidg; gad;gLj;jp>eOtpiaefh;j;jTk;>epiyahfXhplj;jpy; nghUj;jTk; 
KbAk;. nth;dpah; msTNfhypd; mstPLfs; eOtpapy; Fwpf;fg;gl;L>mJeOtpAlDk; ,aq;Fk; 
jhilAlDk; efh;fpwJ. fPo;Nehf;fpajhilfsxUnghUspd; 
ntspg;GwmsTfismstplTk;>Nky;Nehf;fpajhilfs; cl;GwmsTfismstplTk; 
gad;gLfpd;wd. nth;dpah; msTNfhypd; tyJGwj;jpy; 
,izf;fg;gl;lnky;ypagl;ilcs;sPlw;wnghUs;fspd; Moj;ijmstplg; gad;gLfpwJ.  
 
nth;dpah; mstpiag; gad;gLj;Jjy;:  
nth;dpah; mstpapidg; gad;gLj;Jk; NghJkPr;rpw;wsT>mstpLk; vy;iykw;Wk; Ropg;gpioiaf; 
fz;lwptNjKjy;gbMFk;.  
 
kPr;rpw;wsT:  

 fUtpapd; kPr;rpw;wsT= 
Kjd;ikf; Nfhypd; xU kpfr; rpwpa gphptpd; kjpg; G

nth;dpah; Nfhy; gphpTfspd; nkhj;j vz;zpf;if
 

ngUk;ghYk; Kjd;ikf;Nfhy; gphpTnrd;bkPl;lhpYk;. mjd; cl;gphpTfs; kpy;ypkPl;lhpYk; 
Fwpf;fg;gl;bUf;Fk;. vdNt>Kjd;ikf;Nfhypd; kpfr;rpwpamsTxUkpy;ypkPl;lh; MFk;. nth;dpah; 
msTNfhypy; nkhj;jk; 10 gphpTfs; cs;sd.  
 

vdNt>kPr;rpw;wsT= 
1

10

kp.kP
= 0.1kp.kP= 0.01nr.kP 

 
Ropg; gpio:  
jpUfpidnefpo;j;jpeOtpia ,lg;gf;fk; efh;j;jp>nth;dpah; mstpapd; jhilfs;  
xd;NwhLxd;WnghUe;JkhWitf;fNtz;Lk;. nth;dpah; msTNfhypd; 
Ropg;gphpTKjd;ikmsTNfhypd; Ropg;gphpTld; nghUe;jpAs;sjhvd;WNrhjpf;fTk;. mitxd;Wld; 
xd;WnghUe;jpdhy; Ropg;gpio ,y;iynad;WnghUs;gLk;. mt;thWnghUe;jtpy;iynad;why; 
mstpapy; Ropg;gpiocs;sJvd;WnghUs;gLk;. Ropg;gpioahdJNeh; 
Ropg;gpioahfNthmy;yJvjph; Ropg;gpioahfNth ,Uf;Fk;. nth;dpah; msTNfhypd; 
Ropg;gphpTKjd;ikmsTNfhypd; Ropg;gphptpw;Ftyg;Gwkhfmike;jhy; mJNeh;Ropg;gpiovdg;gLk; 
khwhf> ,lg;Gwkhfmike;jhy; mJvjph;Ropg;gpiovdg;gLk;.  
 
Neh; Ropg;gpio:  
 
Neh;Ropg;gpioiaf; Fwpf;fpwJ. ,g;glj;jpy; nth;dpah; msTNfhypd; 
Ropg;gphpT>Kjd;ikmsTNfhypd; Ropg;gphptpw;Ftyg;Gwkhfefh;e;Js;sJ. mg;gbnad;why;>ehk; 
msf;Fk; msthdJcz;ikahdmsittplmjpfkhf ,Uf;Fk;. vdNt 
,g;gpioahdJjpUj;jg;glNtz;Lk;. ,g;gpioiaj; jpUj;Jtjw;F>Kjyhtjhf>nth;dpah; 
msTNfhypd; ve;jg;gphpTKjd;ikmsTNfhypd; VjhtJxUgphpTld; xd;wpapUf;fpwJvdg; 
ghh;f;fNtz;Lk;. ,q;F>Ie;jhtJnth;dpah; gphpTKjd;ikf; Nfhypd; gphpTxd;Wld; 
xd;wpapUf;fpwJ. vdNt>Neh;Ropg;gpio= + 5 × LC = + 5 × 0.01 = 0. 05 nr.kP.  
 
mg;gbnadpy; Ropj;jpUj;jk; vjph;FwpMFk;. vdNt>Ropj;jpUj;jk; = -0.05nr.kP 
 
fzf;fPL 1  
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Kjd;ikmsTNfhypd; msT 89 nr.kPnth;dpah; xd;wpg;G 4 kw;Wk; Neh; Ropg;gpio 0.05 
nr.kPvdpy;>rhpahdmsitf; fzf;fpLf.  
 
jPh;T:  
 rhpahdmsT =8 + (4 × 0.01) – 0.05  
    = 8 + 0.04 – 0.05  
    = 8 – 0.01 = 7.99 nr.kP 
vjph; Ropg; gpio:  
 
,g;nghOJnth;dpah; msTNfhypd; Ropg;gphpT>Kjd;ikmsTNfhypd; Ropg;gphptpw;F ,lk; 
Gwkhfefh;e;Js;sijehk; fhzyhk;. vdNt>ehk; ngWk; 
msthdJcz;ikahdmsittplFiwthf ,Uf;Fk;. ,g;gpioiarhpnra;aNtz;Lnkdpy;>ehk; 
Vw;fdNtnra;jJNghynth;dpah; msTNfhypd; ve;jg; gphpT>Kjd;ikmsTNfhypd; 
VjhtJxUgphpTld; xd;wpAs;sJvd;gijf; fhzNtz;Lk;. 
,g;glj;jpy;>MwhtJgphpTxd;wpapUf;fpwJ. Mdhy; vjph;Ropg;gpioiaf; fzf;fpLk; 
NghJgpd;Gwj;jpypUe;Jfzf;fplNtz;Lk; (10tJ 
gphptpypUe;J)>mg;gbnadpy;>ehd;fhtJNfhLxd;wpapUf;fpwJ. vdNt>vjph;Ropg;gpio= -4 × LC = -4 × 
0.01 = 0.04 nr.kP 
 
mg;gbnadpy; Ropj;jpUj;jk; Neh;FwpMFk;. vdNt>Ropj;jpUj;jk; = + 0.04 nr.kP 
fzf;fPL 2  
 
nth;dpah; Nfhypd; mstPL 8 kp.kP>nth;dpah; xd;wpg;G 4 kw;Wk; vjph;Ropg;gpio– 0.2 
kp.kPvdpy;>rhpahdmsitf; fzf;fpL.  
 
jPh;T:  
 rhpahdmsT= 8 + (4 × 0.1) – (-0.2)  
    = 8 + 0.4 – 0. 2  
    = 8 + 0.6 = 8.6 kp.kP 
 
nghJthf>nth;dpah; mstpiag; gad;gLj;jpgy;NtWnghUs;fspd; ghpkhzq;fisf; fzf;fplyhk;. 
nghUs;fspd; ePsk;>mfyk;>cauk; Mfpatw;iwf; fzf;fpl;Ltpl;lhy; mtw;wpd; fdmsitf; 
fzf;fplyhk;. vLj;Jf;fhl;lhf>xUKfitapd; cs;tpl;lj;ijAk; (rhpahdjhilfisg; 
gad;gLj;jp) mjDilaMoj;ijAk; (Mok; fzpg;ghidg; gad;gLj;jp) fzf;fpl;L>mjd; %yk; 
Kfitapd; cl;GwfdmsitAk; fzf;fplyhk;.  
 
vz;zpyf;f(Digital) nth;dpah; mstp:  
 
,d;Wehk; vz;zpyf;fcyfpy; (Digital world) tho;e;Jnfhz;bUf;fpNwhk;. vdNt>nth;dpah; 
mstpAk; vz;zpyf;fnth;dpah; mstpvd;wGjpaghpzhkj;ijg; ngw;Ws;sJ.  
 
vz;zpyf;fnth;dpah; mstpapd; eOtpapd; kPJxUvz;fhl;bmikg;Gk; kpd;dZfzf;fPl;Lf; 
fUtpAk; mikf;fg;gl;Ls;sd. ,J mstPl;bidf; fzf;fpl;Lvz;fhl;b %yk; fhl;rpg;gLj;Jk;. 
,jdhy; gad;gLj;jg;gLk; fUtpapd; kPr;rpw;wsT>Ropg;gpioj; jpUj;jk; Nghd;wtw;iwf; 
fzf;fplNtz;baNjit ,y;iy.  
 
jpUFmstp:  
 
jpUFmstpxUkpy;ypkPl;lypy; E}wpy; xUgq;F (0.01 kp.kP) mstpw;Fj; Jy;ypakhfmstpLk; 
fUtpahFk;. ,f;fUtpiaf; nfhz;Lnky;ypafk;gpapd; tpl;lk;>nky;ypacNyhfj; jfl;bd; jbkd; 
Nghd;wtw;iwmstplKbAk;.  
 
jpUFmstpapd; mikg;G:  
 



 

9 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

jpUFmstpapy; ‘U’ tbt cNyhfr; rl;lk; cs;sJ. ,r;rl;lj;jpd; xUGwk; 
cs;sPlw;wxUcNyhfcUisnghUj;jg;gl;Ls;sJ. cUisapd; cl;Gwk; Ghpfs; 
nrJf;fg;gl;bUf;Fk;. GhpapDs; jpUFxd;W ,aq;FfpwJcUisapd; Nky;Gwj;jpy; jpUfpd; 
mr;Rf;F ,izahfkpy;ypkPl;lh; msTfs; Fwpf;fg;gl;lmsTNfhy; cs;sJ. ,J Ghpf;Nfhy; 
(PS)vdg;gLk;. jpUfpd; jiyg;gFjpNahLcs;sPlw;wcUisnahd;W,izf;fg;gl;Ls;sJ. mjd; 
Ftpe;jKid 100 gphpTfisf; nfhz;lJ. ,J jiyf;Nfhy; (HS)vdg;gLk;. ‘U’ tbt 
rl;lj;jpd; xU Kidapy; epiyahd Kid xd;Wk; mjw;nfjpNuefuf;$ba Kid xd;Wk; 
cs;sd. jpUfpd; jiyg;gFjpapy; cs;sgw;rl;lmikg;G (ghJfhg;Gmikg;G) 
jpUfhdJmsTf;Fmjpfkhfj; jpUfg;gLtijj; jLf;Fk; tifapy; mike;Js;sJ.  
 
jpUFmstpiag; gad;gLj;Jjy;:  
 
epiyahdcNyhfcUisf;FNky; cs;sjpUifr; Rw;Wk; nghOJ>mjd; Kid 
Kd;Ndhf;fpefUk; njhiyT>Rw;wg;gl;lRw;Wf;fspd; vz;zpf;iff;FNeh; jftpy; mikAk; 
vd;wjpUFj; jj;Jtj;jpd; mbg;gilapy; jpUFmstp,aq;FfpwJ.  
 
Ghpapilj; J}uk;:  
 
xUKOr; Rw;Wf;FjpUfpd; Kid efUk; njhiyTGhpapilj; J}uk; vdg;gLk;. jpUFmstpapy; 
,jd; msT 1 kp.kPMfcs;sJ.  

Ghpapilj; J}uk; = 
Ghpf; Nfhypy; jpUF efh; e; j njhiyT 

jiyf; Nfhy; Rw; wpa Rw; Wf; fspd; vz;zpf;if
 

jpUFmstpapd; kPr;rpw;wsT 
 
jpUfpd; jiyg;gFjp>jiyf;Nfhypd; xUgphpTmstpw;Fr; Rw;Wk;nghOJjpUfpd; Kid efUk; 
J}uk;>jpUFmstpapd; kPr;rpw;wsTMFk;.  

kPr;rpw;wsT(LC) =
Ghpapilj; J}uk; 

jiyf; Nfhy; gphpTfspd; vz;zpf;if
 

= 1kp.kP/ 100 = 0.01kp.kP 
 
jpUFmstpapd; Ropg;gpio:  
 
efUk; Kidapd; rkjsg; gug;Gk; vjpNuAs;sepiyahdKidapd; rkjsg;gug;Gk; 
,izAk;nghOJ>jiyf;Nfhypd; Ropg;gphpT>Ghpf;Nfhypd; tiuNfhl;Lld; ,ize;jhy; 
Ropg;gpioVJk; ,y;iy.  
 
Neh; Ropg;gpio:  
 
jpUFKidapd; rkjsg; gug;Gk;>vjpNuAs;sFkpopd; rkjsg;gug;Gk; ,izAk; 
NghJjiyf;Nfhypd; Ropg;gphpTGhpf;Nfhypd; tiuNfhl;bw;Ff; fPo; mike;jhy; mJNeh; 
Ropg;gpiovdg;gLk;. vLj;Jf;fhl;lhfjiyf;Nfhypd; 5tJ gphpTGhpf;Nfhypd; tiuNfhl;Lld; 
,ize;Js;sJvdNt> ,J Neh; Ropg;gpiovdg;gLk;.  
  Neh;Ropg;gpio= + (n × LC)  
  nvd;gJjiyf;Nfhy; xd;wpg;G> ,q;Fn =5 
  vdNt>Neh; Ropg;gpio= +(5 × 0.01) = 0.05 kp.kP 
  Ropj;jpUj;jk; = - 0.05kp.kP 
 
vjph; Ropg; gpio:  
 
jpUFKidapd; rkjsg;gug;Gk; vjph;Kidapd; rkjsg;gug;Gk; ,izAk; NghJ>jiyf;Nfhypd; 
Ropg;gphp×TGhpf;Nfhypd; tiuNfhl;Lf;FNky; mike;jhy; mJvjph;Ropg; gpiovdg;gLk;.  
 
vLj;Jf;fhl;lhf> ,g;glj;jpy; jiyf;Nfhypd; 95-tJ gphpTGhpf;Nfhypd; tiuNfhl;Lld; 
,ize;Js;sJ ,J vjph;Ropg; gpioahFk;.  
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 vjph; gpio= - (100 – n) × LC  
 vjph; gpio= - (100 – 95) × LC  
   = -5 × 0.01  
   = 0.05 kp.kP 
 Ropj;jpUj;jk;  (Z.C) = + 0.05 kp.kP 
   
epiwiamstpLjy;:  
 
md;whltho;tpy; ehk; epiwvd;wthh;j;ijf;Fg; gjpyhfvilvd;wthh;j;ijiaNagad;gLj;JfpNwhk;. 
tzpfKiwapYk; nghUl;fisepiwvd;wmbg;gilapy;jhd; mstpLfpwhh;fs;. epiwapd; 
SImyFfpNyhfpuhk; MFk;. Mdhy; ehk; thq;Fk; nghUl;fisg; 
nghWj;Jmtw;iwgy;NtWepiwmyFfspy; thq;FfpNwhk;. vLj;Jf;fhl;lhfehk; jq;fk; thq;Fk; 
NghJfpuhk; kw;Wk; kpy;ypfpuhk; msTfspYk;>kUe;Jfs; thq;Fk;NghJkpy;ypfpuhk; 
msTfspYk;>kspiff; filapy; nghUl;fs; thq;Fk; nghOJfpuhk; kw;Wk; fpNyhfpuhk; 
msTfspYk; thq;FfpNwhk;. Vw;Wkjpg; nghUl;fisld;fs; mbg;gilapy; mstpLfpNwhk;.  
 
xNufUtpiag; gad;gLj;jpNkw;fz;lnghUl;fismstPLnra;aKbAkh? 
rpwpamsTepiwfisAk;>nghpamsTepiwfisAk; mstpljdpj;jdpahdfUtpfisj; jhd; 
gad;gLj;jKbAk;. ,e;jg; gFjpapy; rpwpakw;Wk; nghpaepiwiamstPLnra;aj; 
NjitahdfUtpfisg; gw;wpj; njhpe;Jnfhs;Nthk;.  
 

xUKl;ilapd; XlhdJme;jKl;ilapd; vilapy; 12%MFk;. xUePyj; jpkpq;fyj;jpd; vil 30 
ahidfspd; vilf;Fr; rkk;. mjd; ePsk; %d;WNgUe;Jfspd; ePsj;jpw;Fr; rkk;.  
 
nghJj; juhR:  
 
gbj;juepiwfNshLnghUl;fisxg;gpl;LmstPLnra;ag; gad;gLk; fUtpnghJj; juhRMFk;. 
(gbj;juepiwfs;: 5fp> 10 fp> 20 fp> 50 fp> 100 fp> 200 fp> 500 fp> 1 fp.fp> 2 fp.fp> 5 fp.fp) 
rhjhuzj; juhrpidf; nfhz;L 5 fpvd;wmsTtiuJy;ypakhfmstplKbAk;.  
 
,aw;gpay; juhR:  
 
,aw;gpay; juhRMa;tfq;fspy; gad;gLj;jg;gLfpwJ. ,J rhjhuzj; juhrpidg; Nghd;wjhFk;. 
Mdhy; ,j;juhRmjpfj; Jy;ypaj;jd;ikiag; ngw;Ws;sJ. ,aw;gpay; juhrpidg; 
gad;gLj;jpky;ypfpuhk; mstpy; Jy;ypakhfmstplKbAk;.  
 
,aw;gpay; juhrpy; gad;gLj;jg;gLk; gbj;juepiwfs; KiwNa10 kpfp> 20 kpfp> 50 kpfp> 100 kpfp> 
200 kpfp> 500 kpfp> 1 fp> 2 fp> 5 fp> 10 fp> 20 fp> 50 fp> 100 fpkw;Wk; 200 fpMFk;.  
 
vz;zpapy; juhR:  
 
jw;fhyj;jpy; nghUspd; epiwiaf; fzf;fplkpfj; Jy;ypaj; jd;ikAld; $bavz;zpay; 
juhirg; gad;gLj;Jfpd;wdh;. nghUspd; epiwiakpy;ypfpuhk; mstpw;Fkpfj; 
Jy;ypakhfmstpLfpwhh;fs;. ,f;fUtpapd; kPr;rpw;wsT 10 kp.fp. mstpw;F ,Uf;fpwJ 
,j;jifajuhRfisf; ifahs;tJvspJ. ,it>Ma;tfq;fs; kw;Wk; eiff; filfspy; 
gad;gLj;jg;gLfpd;wd.  
 
RUs; tpy; juhR:  
 
Rus; tpy; juhRnghUspd; viliaf; fzf;fplg; gad;gLfpwJ. 
,f;fUtpcNyhfcs;sPlw;wrl;lj;jpDs; v/F RUs;tpy;iyg; nghUj;jpmikf;fg;gl;lmikg;ghFk;. 
,jd; Nky; Kid epiyahdtisaj;NjhLnghUj;jg;gl;bUf;Fk;. mjd; fPo; 
KidahdJnghUNshLnghUe;jf; $batisaj;NjhL ,izf;fg;gl;bUf;Fk;. ,J ‘RUs; 
tpy;ypy; nfhLf;fg;gLk; tpirahdJepiyahdGs;spapypUe;JRUs;tpy;  
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tphptilAk; njhiytpw;F Neh; jftpy; mikAk;” vd;w `_f;]; tpjpg;gb ,aq;FfpwJ FwpKs; 
xd;W msTNfhy; kPJ efh;e;J nry;Yk; rl;lj;jpd; kPJ tyJ Gwj;jpy; ,izf;fg;gl;Ls;sJ. 
nghUspd; vilf;Nfw;g RUs;tpy; tphptilAk; NghJ juhrpd; tyg;gf;fk; cs;s msTNfhypy; 
mstPl;il FwpKs;fhl;Lk;. ,JNt mg;nghUspd; vilahFk;.  
 
epiw – vil NtWghL  
 
epiw (m) vd;gJ xU nghUspy; cs;s gUg;nghUs;fspd; msthFk;. vil (w) vd;gJ xU 
nghUspd; kPJ nray;gLk; GtpA+h;g;G tpiria rkd;nra;tjw;fhf me;jg; nghUspd; gug;gpdhy; 
nrYj;jg;gLk; vjph; tpir MFk;. cjhuzkhf> xU RUs;tpy; juhrpd; RUspy; Vw;gLk; 
,Otpir> nghUspd; kPJ nray;gLk; GtpaPh;g;G tpiriar; rkd;nra;fpwJ. xU kdpjd; 
jiuapd; kPJ epw;Fk;NghJ> jiuahdJ GtpaPh;g;G tpirf;Fr; rkkhd vjph;tpiria me;j 
kdpjdpd; kPj nrYj;JfpwJ. ve;jnthU nghUspd; kPJk; nray;gLk; GtpaPh;g;G tpir mg vd;W 
miof;fg;gLfpwJ. ,jpy; m vd;gJ xU nghUspd; epiw g vd;gJ GtpaPh;g;G KLf;fk; MFk;.  
 
fzf;fPL 3 
G+kpapy; xU kdpjdpd; epiw 50 fp.kP vdpy; mthpd; vil vt;tsT?  
jPh;T  
xU kdpjdpd; epiw = 50 fp.fp  
vil (w) mg = 50 × 9.8 = 490 epA+l;ld;  
 
epytpy; <h;g;G tpirahdJ Gtp<h;g;G tpirapy; 1/6 klq;fhf ,Uf;Fk;. vdNt> epytpy; xU 
nghUspd; vil Gtpapy; cs;s vilia tpl Fiwthf ,Uf;Fk;. epytpy; GtpaPh;g;G KLf;fk; 
1.63 kP/tp2 MFk;.  
 
epiw – vil NtWghL  
 

epiw Vil 
mbg;gilmsT top msT 
vz; kjpg;Gkl;Lk; nfhz;lmsT. vdNt> 
,J ];Nfyh; msthFk;.  

vz; kjpg;Gkw;Wk; jpirg; gz;Gnfhz;lJ>vdNt> 
,J ntf;lh; msthFk;. 

nghUspy; cs;sgUg;nghUl;fspd; 
msthFk; 

gUg;nghUl;fspd; kPJnray;gLk; 
Gtp<h;g;Gtpirapd; msthFk;. 

,lj;jpw;F ,lk; khwhJ ,lj;jpw;F ,lk; khWgLk; 
,aw;gpay; juhrpdhy; 
mstPLnra;ag;gLfpwJ.  

RUs;tpy; juhRnfhz;LmstPLnra;ag;gLfpwJ.  

,jd; myFfpNyhfpuhk;  ,jd; myFepA+l;ld; 
 
mstPLfspy; Jy;ypak;:  
 
,aw;gpay; msTfismstpLk;NghJ>Jy;ypak; vd;gJmtrpakhFk;. Jy;ypak; vd;gJehk; 
msf;Fk; mstPlhdJve;jmstpw;Fcz;ikahdmstPl;NlhLxd;wptUfpwJvd;gijf; Fwpf;fpwJ. 
mstPLfspy; Jy;ypak; vd;gJnghwpapay;> ,aw;gpay; kw;Wk; midj;Jmwptpay; gphpTfSf;Fk; 
ikakhf ,Uf;fpwJ. Jy;ypak; vd;gJ ek; md;whltho;f;ifapYk; mtrpakhdjhFk;. eiff; 
filfspy; vt;tsTJy;ypakhfjq;fj;ijmstpLfpwhh;fs; vd;gijePq;fs; ghh;j;jpUg;gPh;fs;. 
czTrikf;Fk;NghJ>cg;gpd; msTrpwpJmjpfkhfptpl;lhy; vd;dMFk;? 
vdNtmstPLfisNkw;nfhs;Sk;NghJ>Jy;ypakhfmstpLtJmtrpakhFk;.  
 
gpioahdmstpLk; fUtpfs; kw;Wk; mstpLgth; GhpAk; gpiofshy; Jy;ypakw;wkjpg;Gfs; 
fpilf;fpd;wd. Jy;ypakhdmsTfisg; ngWtjw;F>mstpLk; fUtpapd; 
Jy;ypaj;jd;ikiarhpghh;g;gJvd;gJvg;nghOJk; Kf;fpakhdjhFk;. NkYk;>mstPLfiskPz;Lk; 
kPz;Lk; nra;Jruhrhpiaf; fhz;gjd; %yKk; gpiofisr; rhpnra;JmstpLk; msTfspd; 
Jy;ypakhdkjpg;gpidg; ngwKbAk;.  
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myF – 2 
,af;fk; 

,af;fk;: 
 
 ,af;fk; vd;gJ xU nghUspd; Rw;Wg;Gwj;ijg; nghWj;J mjd; epiyapy; Vw;gLk; 
khw;wk; MFk;. 
 
,af;fj;jpd; gy;NtW tiffs;: 
 
Neuhd ,af;fk;: Neh;Nfhl;by; nry;Yk; nghUspd; ,af;fk; 
tl;l ,af;fk;: tl;lg;ghijapy; nry;Yk; nghUspd; ,af;fk; 
miyT ,af;fk;: xU Gs;spia ikakhff; nfhz;L kPz;Lk; kPz;Lk; Kd;Dk; gpd;Dkhf 
   ,aq;Fk; nghUspd; ,af;fk; 
xOq;fw;w ,af;fk;: NkNy Fwpg;gpl;l ve;j ,af;fj;ijAk; rhuhj ,af;fk; 
 
rPuhd ,af;fk; 
 
 xU nghUs; efUk; nghOJ rkkhd njhiyTfis rkfhy ,ilntspfspy; fle;jhy; 
mJ rPuhd ,af;fk; MFk;. 
 
rPuw;w ,af;fk; 
 
 xU nghUs; rkfhy ,ilntspfspy; rkkw;w njhiyTfisf; fle;jhy; mJ rPuw;w 
,af;fk; MFk;. 
 
njhiyT 
 
 jpiriaf; fUjhky;> xU efUk; nghUs; fle;j ghijapd; ePsNk> mg;nghUs; fle;j 
njhiyT vdf; $wyhk;.  SI Kiwapy; mij msf;fg; gad;gLk; myF ‘kPl;lh;’. njhiyT 
vd;gJ vz;kjpg;ig kl;Lk; nfhz;l jpirapyp (];Nfyhh;) msTU MFk;. 
 
,lg;ngah;r;rp 
 
 xU Fwpg;gpl;l jpirapy;> ,aq;Fk; nghUnshd;wpd; epiyapy; Vw;gLk; khw;wNk 
,lg;ngah;r;rp MFk;.  ,J vz;kjpg;G kw;Wk; jpir Mfpa ,uz;ilAk; nfhz;l 
jpirasTU(ntf;lh;) MFk;.  SI myFKiwapy; ,lg;ngah;r;rpapd; myFk; kPl;lh; MFk;. 
 
xU kfpOe;jpd; fPo;f;fz;l ,af;fj;ijf; ftdpj;J nfhLf;fg;gl;l tpdhf;fSf;F tpil jUf.  
 
BC kw;Wk; AC vd;w ghijfs; topNa kfpOe;J mile;j J}uj;ijf; fzf;fpLf.  eP vd;d 
cw;WNehf;Ffpwha;?  ABCD my;yJ ACD my;yJ AD Mfpatw;wpy; D ypUe;J A  
miltjw;fhd kpff; Fiwe;j njhiyitf; nfhz;l ghij vJ? 
 
Ntfk; 
 
 Ntfk; vd;gJ njhiytpd; khWghl;L tPjk; my;yJ XuyF Neuj;jpy; fle;j njhiyT 
vdg;gLk;.  ,J xU ];Nfyhh; msthFk;.  SI mstPl;L Kiwapy; Ntfj;jpd; myF kPtp-1 
Ntfk; = fle;j njhiyT/vLj;Jf;nfhz;l Neuk;. 
 
xU nghUs; 16kP njhiyit 4 nehbapYk; NkYk; 16kP njhiyit 2 nehbapYk; flf;fpwJ.  
mg;nghUspd; ruhrhp Ntfk; vd;d? 
 
jPh;T 

nghUs; fle;j nkhj;j njhiyT 16 kP  + 16 kP  32 kP 
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nkhj;j Neuk;                 4 tp  2 tp    6 tp 
 

ruhrhp Ntfk; 
nkhj; j njhiyT

nkhj; j Neuk;
;  5.33 kP/tp 

 
vdNt> nghUspd; ruhrhp Ntfk; 5.33 kP/tp MFk;. 
 
xU kio ehspy; thdj;jpy; kpd;dy; Vw;gl;l 5 tpehbf;Fg; gpwF xyp Nfl;lJ.  kpd;dy; 
Vw;gl;l ,lk; vt;TsT njhiytpy; cs;sJ vd;W fz;Lgpbf;fTk;. fhw;wpy; xypapd; Ntfk; 
346kP/tpdhb 
 
jPh;T 

Ntfk;  njhiyT/fhyk; 

njhiyT  Ntfk; x fhyk;  346 x 5  1730 kP 
kpd;dy; Vw;gl;l ,lk; ,biaf; Nfl;l ,lj;jpypUe;J 1730kP njhiytpy; ,Uf;Fk;. 
 
jpirNtfk; 
 
 jpirNtfk; vd;gJ ,lg;ngah;r;rpapd; khWghl;L tPjk; my;yJ Neuj;jpw;fhd 
,lg;ngah;r;rp vdg;gLk;.  ,J xU ntf;lh; msthFk;.  SI mstpl;L Kiwapy; jpir 
Ntfj;jpw;fhd myFk; kPtp-1 
 

jpirNtfk; 
,lg; ngah; r; rp

vLj; Jf; nfhz; l Neuk;
 

 
KLf;fk; 
 
 KLf;fk; vd;gJ jpirNtf khWghl;L tPjk; my;yJ XuyF Neuj;jpy; Vw;gLk; jpirNtf 
khWghL vdg;gLk;.  ,J xU ntf;lh; msthFk;.  SI mstPl;L Kiwapy; KLf;fj;jpd; myF 
kP.tp-2 
 

KLf;fk;  
jpirNtf khw; wk;

vLj; Jf; nfhz; l Neuk;
; 

 

   
,Wjpj; jpirNtfk;  - njhlf; f jpirNtfk;

fhyk;

( )v u

t

−
 

 
rPuhd ,af;fj;jpw;fhd njhiyT – fhyk; tiuglk; 
 
ntt;NtW fhyj;jpy; xU egh; ele;j J}uj;jpidf; fhl;Lk; ml;ltiz 
 
fhyk; (epkplj;jpy;) njhiyT (kPl;lh;) 

0 0 
5 500 
10 1000 
15 1500 
20 2000 
25 2500 

 
 
njhiyT - fhy tiuglk; 
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rPuw;w ,af;fk;: 
 

fhyk; (epkplj;jpy;) njhiyT (kPl;lh;) 
0 0 
2 1 
4 4 
6 9 
8 16 
10 25 
12 36 

 
  
rPuhf KLf;fg;gl;l ,af;fk; 
 
fhyk; (tpdhb) kfpOe;jpd; jpirNtfk; 

(kP/tpehb) 
0 0 
5 9 
10 18 
15 27 
20 36 
25 45 
30 54 

 
 
 
thfdj;jpy; cs;s Ntfkhdp xU Fwpg;gpl;l fz Neuj;jpy; epfOk; Ntfj;ij msf;Fk;. xU 
ghpkhz rPuhd ,af;fj;jpy; rhuhrhpj; jpirNtfKk; cldbj; jpirNtfKk; rkk;. ve;j xU 
fzj;jpYk; fzf;fplg;gLk; cldbj; jpirNtfk; vd;Wk; cldb Ntfk; vd;Wk; Ntfk; vd;Wk; 
$wyhk;. 
 
,af;fr; rkd;ghLfs; 
 

 ‘a’vd;w KLf;fj;jpdhy; ,aq;Fk; nghUs; xd;W ‘t’fhyj;jpy; ‘u’ vd;w njhlf;f 
jpirNtfj;jpypUe;J ‘v’ vd;w ,Wjpj; jpirNtfj;ij milfpwJ.  mg;NghJ mjd; 
,lg;ngah;r;rp ‘s’ vdpy; ,af;fr; rkd;ghLfis fPo;f;fz;lthW vOjyhk;. 
 

      1. v  u + at 

      2.   S  ut +  

      3.  2v 2u + 2as  
 

kfpOe;J xd;wpy; Ntfj;jiliag; gad;gLj;Jk; NghJ> 6kP/tpdhb2 KLf;fj;ij mJ nry;Yk; 
jpirf;F vjph;j;jpirapy; Vw;gLj;JfpwJ.  epWj;jf; fUtpiag; (brake) gad;gLj;jpa gpwF 2 
tpehb fopj;J kfpOe;J epd;wJ.  ,f;fhy ,ilntspapy; mJ fle;j njhiyitf; fzf;fpLf. 
 
jPh;T: 
     nfhLf;fg;gl;l jfty;fs; 

     KLf;fk; a  -6 kP /tpehb2 

     fhyk;   t  2 tpehb 

     ,Wjp Ntfk; v 0 
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     ,af;fr; rkd;ghl;bypUe;J>v  u + at 

0  u + (-6 x 2) 
0 = u – 12 
u = 12 kP /tpehb 

S  ut +  

= [(12 x 2 + ½(-6 x 2 x 2)] 
= 24 -12 = 12 

S  12 kP 
epWj;jf; fUtpiag; (brake) gad;gLj;jpa gpd;dh; kfpOe;J Xa;T epiyf;F tutjw;Fs; mJ 
12kP njhiyitf; fle;jpUf;Fk;. 
 
 
jilapd;wp jhNd tpOk; nghUspd; ,af;fk; 
 fhw;wpy;yhj ntw;wplj;jpy; Nkw;nrhd;d midj;Jg; nghUl;fSk; xNu Neuj;jpy; jiuia 
te;jilAk;.  fhw;W Clfj;jpy; fhw;wpd; cuha;T tpirahdJ jilapd;wp jhNd tpOk; 
nghUspd; kPJ xU jilia Vw;gLj;JfpwJ. 
 
xU nghUis nrq;Fj;jhf Nky;Nehf;fp vwpe;jhy;> nghUspd; jpirNtfk; gbg;gbahff; 
Fiwe;J> ngUk cauj;ij mile;j epiyapy; Rop kjpg;igg; ngWfpwJ.  mg;NghJ 
mg;nghUspd; KLf;fk; Gtp<h;g;G KLf;fj;Jf;Fr; rkkhf ,Uf;Fk;. 
 
rPuhd tl;l ,af;fk; 
 
 ‘r’ Muk; nfhz;l tl;lg; ghijapy; Rw;wptUk; xU nghUshdJ> xU Rw;Wf;Fg;gpd; 
njhlf;f epiyf;F jpUk;gptu vLj;Jf;nfhz;l fhyk; ‘T’ vdpy; mjd; Ntfk; ‘V’ gpd;tUkhW 
fzf;fplg;gLfpwJ. 
 

 Ntfk; V  Rw;wsT / vLj;Jf;nfhz;l fhyk;  

  V  
 
ika Nehf;F tpir: 
 
ika Nehf;F tpirapd; vz;kjpg;G 

 F  epiw x ika Nehf;F KOf;fk; 

 F  
 
900 fpNyh fpuhk; epiwAila kfpOe;J xd;W 10kP/tpdhb Ntfj;jpy; 25kPl;lh; Muk; cila 
tl;lj;ijr; Rw;wp tUfpwJ.  kfpOe;jpd; kPJ nray;gLk; KLf;fk; kw;Wk; epfu tpiriaf; 
fzf;fpLf. 
 
jPh;T: 
kfpOe;J tl;lg;ghijapy; ,aq;Fk;NghJ> mjd; kPJ nray;gLk; ikaNehf;F KLf;fj;jpw;fhd 

rkd;ghL>
2v

a
r

=  

2v
a

r
=  = 

2(10)

25
 =  = 4 kP /tpehb2 

kfpOe;jpd; kPJ nray;gLk; epfu tpir> 
F = ma = 900 x 4 = 3600 epA+l;ld; 
 
ikatpyf;F tpir 
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tl;lg;ghijapd; ikaj;jpypUe;J xU nghUspd; kPJ ntspg;Gwkhfr; nray;gLk; tpirNa 
ikatpyf;F tpir vdg;gLk;. 
 
vLj;Jf;fhl;lhf Jzp Jitf;Fk; ,ae;jpuj;jy; cs;s Jzp cyh;j;;jpapy; ika tpyf;F tpir 
nray;gLfpwJ. 
 
ika tpyf;F tpir  
 
     nghOJ Nghf;Fg; G+q;fhtpy; Fil ,uhl;bdj;jpy; Rw;Wk;nghOJ ePq;fs; ve;j khjphpahd 
tpiria czh;fpwPh;fs;? Fil ,uhl;bdk; xU nrq;Fj;j mr;irg;gw;wp RoYk;NghJ ehk; xU 
ntspNehf;fpa jpirapy; Vw;gLk; ,Otpiria czh;fpNwhk;.  ,J ikatpyf;F tpirapdhy; 
Vw;gLtjhFk;. 
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myF – 3 
gha;kq;fs; 

jputq;fs; kw;Wk; thAf;fs; 
 

mOj;jk; kw;Wk; ce;jtpir 
 
 XuyF gug;gpd; kPJ nray;gLk; tpir mOj;jk; vdg;gLk;.  Mifahy;> XuyF gug;gpd;  
kPJ nray;gLk; ce;JtpirNa mOj;jk; vd;Wk; ehk; $wyhk;. 
 

mOj;jk;=
ce;J tpir

njhL gug; G
 

  
 nfhLf;fg;gl;l khwh tpirf;F> gug;gsT mjpfhpf;Fk; NghJ mOj;jk; FiwAk;: gug;gsT 
FiwAk; NghJ mOj;jk; mjpfhpf;Fk;. 
 
 S.I myFfspy;> ce;Jtpirapd; myF epA+l;ld; (N). mOj;jj;jpd; myF epA+l;ld;/rJu 
kPl;lh; my;yJ epA+l;ld; kPl;lh ;-2 (Nm-2) gpuhd;]; ehl;L mwptpay; mwpQuhd g;is]; gh];fy; 
vd;gtiu rpwg;gpf;Fk; tifapy; xU epA+l;ld;/rJu kPl;lh; vd;gJ. xU gh];fy; (1pa) vd;W 
miof;fg;gLfpwJ. 1 Pa = 1 Nm-2 
 
gug;G ,otpir 
 
     xU rpwpa Mzp ekJ cliyj; Jiwf;Fk;NghJ typia czh;fpNwhk;.  Mdhy; rpyh; 
Mzpg;gLf;ifapy; gLj;jhYk;> mth;fs; clypy; ve;jtpj ghjpg;Gk; Vw;glhky; ,Uf;fpwJ.  mJ 
vg;gb? Vnddpy;> mth;fs; cly;> Miziaj; njhLk; gug;ghdJ mjpfkhf cs;sJ. 
 
90 fpNyh epiwiaf; nfhz;l kdpjd; xUtd; jd; ,U fhy;fspYk; jiuapy; epw;fpwhd;.  
jiuAld; fhy;fspd; gug;gsT 0.036 kP2 MFk;.  (g = 10 kP /tp-2 vdf; nfhs;f) mtd; cly; 
vt;TsT mOj;jj;ij jiuapy; Vw;gLj;JfpwJ. 
 
jPh;T 
kdpjdpd; vil (ce;J tpir)> 
 
F = mg = 90fpfp x 10kP /tp-2= 900 epA+l;ld;. 

mOj;jk;> P = =
900

2

epAl; ld;

0.036 kP
 

mOj;jk; = 25000 

 
jputq;fs; kw;Wk; thAf;fs; ,uz;Lk; gha;kq;fs; vd miof;fg;gLfpd;wd. 
 
jputq;fs; Vw;gLj;Jk; mOj;jk; 
 
 jputq;fspd; mOj;jj;jpdhy;> xU jputj;jpy; %o;fpapUf;Fk; nghUspd; kPJk;> 
nfhs;fydpd; Rtw;wpd; kPJk; nray;gLk; tpirahdJ mtw;wpd; Nkw;gug;gpw;Fr; nrq;Fj;jhfNt 
nray;gLk;.  nfhs;fydpd; midj;Jj; jpirfspYk; mOj;jk; nray;gLk;. 
 
jput mOj;jj;jpid eph;zapf;Fk; fhuzpfs;: 
  

i. Mok; (h)   P  

ii. jputj;jpd; mlh;;j;jp P  

iii. Gtp<h;g;G KLf;fk; (g) 
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0.85 kP jputj;jk;g cauKs;s ePh; (mlh;j;jp>  1000fpfp kP-3) Mfpait nrYj;Jk; 
mOj;jj;ijf; fzf;fpLf. 
 
jPh;T 

ePhpdhy; Vw;gLk; mOj;jk; =  

=0.85 kP x 1000 fpfp kP-3x 10 kP tp-2= 8500 gh];fy; 

kz;nzz;izapdhy; Vw;gLk; mOj;jk;  

=0.85 kP x 800 fpfp kP-3x 10 kP tp-2= 6800 gh];fy; 
 
tspkz;ly mOj;jk; 
 
 G+kpahdJ Fwpg;gpl;l cauk; tiu (Vwj;jho 300 fpkP) fhw;why; #og;gl;Ls;sJ. ,jid 
Gtpapd; tspkz;lyk; vd;wiof;fpNwhk;. 
 
tspkz;ly mOj;jk; fhw;Wj; jk;gkhf nray;gLfpwJ. 
 
kdpjdpd; EiuaPuy; fly;kl;l tspkz;ly mOj;jj;jpy; (101.3 Kpa) Rthrpg;gjw;Nfw;g jFe;j 
jftikg;igf;  nfhz;Ls;sJ.  caukhd kiyfspd; NkNy nry;Yk;NghJ mOj;jk; 
Fiwtjhy;> kiyNaWgth;fSf;F  caph;thA cUis ,ize;j rpwg;ghd Rthrpf;Fk; 
,ae;jpuq;fs; Njitg;gLfpd;wd.  mJ NghyNt> fly; kl;lj;ijtpl mOj;jk; mjpfkhd 
Ruq;fq;fSf;Fs; Ntiy nra;gth;fSf;Fk;  rpwg;ghd Rthrpf;Fk; fUtpfs; Njitg;gLfpd;wd. 
 
1. rikay; nra;a ePz;l NeukhFk;.  

2. kiyNaWjy;  mOj;jk; FiwT 
 
 tspkz;ly mOj;jj;ij mstpl fhw;wOj;jkhd vd;Dk; fUtp gad;gLfpwJ. ,j;jhypa 
,aw;gpayhsh;> lhhpnry;yp vd;gth; Kjd;Kjyhf ghjur fhw;wOj;jkhdpia cUthf;fpdhh;. 
 
ghjurj;jpd; mlh;j;jp 13600 fpfp kP-3 
 
  1 atm = 1.013 gh];fy; 
  1 ghh; = 1 x 105 gh];fy; 
Mifahy;> 1 atm = 1.013 ghh;. 
 
,aw;gpay; Ma;tfj;jpy; cs;s ghjur fhw;wOj;jkhdp xd;W 732 kpkP mstpid ghjurj; 
jk;gj;jpy; Fwpf;fpwJ.  mq;Fs;s tspkz;ly mOj;jj;ijf; fzf;fpLf. 

ghjurj;jpd; mlh;j;jp> fpfp kP-3 vdTk;>g = 9.8 kP tp-2 vdTk; nfhs;f. 
 
jPh;T 
Ma;tfj;jpy; tspkz;ly mOj;jk; 
P = hpg = 732 x 10-3x 1.36 x 104 x 9.8 
= 9.76 x 104 gh];fy; 
= 0.976 x 105 gh];fy; 
 
jputj;jk;gk; mOj;jj;ij Vw;gLj;Jk; vd;gij mwpNthk;. vdNt> flypd; cs;s mOj;jk; 
mjpfkhf ,Uf;Fk;.  mJ tspkz;ly mOj;jj;jpd; ,Uklq;iftpl mjpfkhf ,Uf;Fk;.  
,t;TsT mjpfkhd mOj;jj;ij ek;Kila nkd;ikahd jpRf;fSk;> ,uj;j ek;kila  
nkd;ikahd jpRf;fSk;> ,uj;j ehsq;fSk; jhq;fpf;nfhs;s ,ayhJ.  vdNt> Mo;fly; 
ePr;ry; tPuh;fs; rpwg;ghd cilfis mzpe;Jk;> fUtpfs; nfhz;Lk; jq;fisg; ghJfhj;Jf; 
nfhs;fpd;wdh;. 
 
vhpnghUs; epug;Gk; ,lq;fspy; thfdq;fspd;  lah; mOj;jk;psi vd;Dk; myFfspy; 
Fwpg;gplg;gLfpwJ.  psi vd;Dk; myF xU mq;Fyj;jpy; (inch) nray;gLk; xU gh];fy;  
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mOj;jk; MFk;.  ,J mOj;jj;ij mspf;Fk; xU goikahd KiwahFk;.  
 
gh];fy; tpjp 
 
 mOj;jKwh jputq;fspy; nray;gLk; GwtpirahdJ> jputq;fspd; midj;Jj; 
jpirfspYk; rPuhf flj;jg;gLk; vd;gij gh];fy; tpjp $WfpwJ. 
 

ePhpay; mOj;jp  gh];fy; tpjp 
 
2000 fp.fp vil nfhz;l thfdj;ijj; J}f;Ftjw;F ePhpay; mikg;G gad;gLj;jg;gLfpwJ.  
thfdk; ,uf;Fk; gp];ldpd; gug;gsT 0.5 kP2 kw;Wk; tpir nray;gLk; gp];ldpd; gug;gsT 0.03 
kP2 vdpy;> thfdj;ijj; J}f;Ftjw;Fj; Njitg;gLk; Fiwe;j msT tpir ahJ? 
 
nfhLf;fg;gl;lit 
thfdk; cs;s gp];ldpd; gug;gsT (A1) = 0.5 kP2 

thfdj;jpd; vil (F1) = 2000 fpfp x 9.8 kP tp-2 
F2 vd;w tpir nray;gLk; gug;gsT (A2) = 0.03 kP2 
 

jPh;T  
 

1 2
1 2

1 2

;
F F

p p
A A

= =  NkYk; 1
2 2

1

;
F

F A
A

=  

 

2F = (2000 x 9.8) 
0.03

0.5
= 1176 N 

 
 
mlh;j;jpapd; SI myF fpNyhfpuhk;/kP3 my;yJ fpfp/kP3  NkYk; fpuhk;/nrd;bkPl;lh;3(fp/kP3) 

vdTk; ,jidf; Fwpg;gplyhk; mlh;j;jpf;fhd FwpaPL Nuh( ) vdg;gLfpwJ. 
 

Xg;glh;j;jp (R.D.) 
C

=
nghUspd; mlh; j; jp

ehP pd; mlh; j; jp(4 )
 

 
  

 mlh;j;jp =
 epiw 

gUkd;
 

 
xg;glh;j;jpia mstpLjy; 
 
 gpf;;NehkPl;lh; (pycnometer) vd;w cgfuzj;ijf; nfhz;L xg;glh;j;jpia msf;f 
KbAk;. 
 

12 nr.kP ePsKk; 11 nr.kP mfyKk;> 3.5 nr.kP jbkDk; nfhz;l xU tpNehjkhd nghUs; 
cd;dplk; cs;sJ. mjd; epiw 1155 fpuhk; vdpy; a) mjd; mlh;j;jp ahJ? b) jz;zPhpy; mJ 
kpjf;Fkh? %o;Fkh? 
 
jPh;T: 

nghUspd; mlh;j;jp =
 epiw 

gUkd;
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= 2.5
x x

=
 1155 fp 

12nr.kP  11 nr.kP  3.5 nr.kP 
fp nrkP-3 

 

me;j tpNehjkhd nghUs; ePiu tpl mjpf mlh;j;jp cilajhy; mJ ePhpy; %o;Fk;. 
 
 
kpjj;jy; jj;Jtj;jpd; gad;fs;: 
 
jputkhdp (Hydrometer) 
 
 xU jputj;jpd; mlh;j;jpia my;yJ xg;glh;j;jpia Neubahf msg;gjw;Fg; gad;gLk; 
fUtp jputkhdp vdg;gLk;. 
 
ghypd; mlh;j;jpiaf; fz;lwpAk; ghy;khdp(Lactometer)> rh;;f;fiuapd; mlh;j;jpiaf; fz;lwpAk; 
rh;f;fiukhdp (Saccharometer) kw;Wk; rhuhaj;jpd; mlh;j;jpiaf; fzf;fpLk; rhuhakhdp 
(Alcoholometer) 
 

60  ntg;gepiyapy;jhd; ghy;khdp %yk; rhpahd mstPLfis msf;f KbAk;.  xU ghy;khdp 
ghypy; cs;s mlh;j;jpahd ntz;izapd; msit mstplf;$baJ.  ntz;izapd; msT 
mjpfkhdhy;> ghy;khdp ghypy; Fiwthf kpjf;Fk;.  ghy;khdp mstpLk; ruhrhpahd ghypd; 
mstPL 32 MFk;. ngUk;ghYk; ghy; gjdpLk; ,lq;fspYk;> ghy; gz;izfspYk; ,it 
gad;gLj;jg;gLfpd;wd. 
 
kpjg;Gj; jd;ik 
kpjg;G tpir 
 
ed;dPiutpl cg;GePh;(fly; ePh;) mjpfkhd kpjg;G tpiria Vw;gLj;Jk;.  Vnddpy;  kpjg;G 
tpirahdJ gha;kq;fspd; gUkidr; rhh;e;jJ Nghy mjd; mlh;j;jpiaAk; rhh;e;Js;sJ. 
 
fhh;l;Brpad; %o;fp 
 
 fhh;l;Brpad; %o;fp NrhjidahdJ kpjg;Gj; jd;ikapd; jj;Jtk; nray;gLk; tpjj;ij 
tpsf;FfpwJ.  ,J fspkz;izf; nfhz;lnjhU Ngdh %bahFk;.  fhh;Brpad; %o;fpahdJ 
kpjg;gjw;Fj; Njitahd Nghjpa msT jputj;jpdhYk;> kPjpg; gFjpapy;  fhw;wpdhYk; 
epug;gg;gl;Ls;sJ.  nfhs;fydpYs;s ePiu mOj;Jk;NghJ mjpfkhd cghp ePh; mjDs; 
mOj;Jk; NghJ mjpfkhd cghp ePh; mjDs; nrd;W> mlh;j;jp mjpfkhfp ePhpDs; %o;Fk;. 
 
Mh;f;fpkpb]; jj;Jtk;: 
 
 xU nghUshdJ gha;kq;fspy; %o;fk; NghJ. mg;nghUs; ,lg;ngah;r;rp  nra;j 
gha;kj;jpd; vilf;Fr; rkkhd  nrq;Fj;jhd kpjg;G vilf;Fr; rkkhd nrq;Fj;jhd kpjg;G 
tpiria mJ czUk;. 

 fg;gy; kpjj;jy;  

ghy;khdp 
 
kpjj;jy; tpjpfs;: 

jputkhdp 
 
1. gha;kk; xd;wpd; kPJ kpjf;Fk;  nghUnshd;wpd; vilahdJ> mg;nghUspdhy; 

ntspNaw;wg;gl;l gha;kj;jpd; vilf;Fr; rkkhFk;. 
 

2. kpjf;Fk; nghUspd; <Hg;G ikaKk; kpjg;G tpirapd; ikaKk; xNu Neh;Nfhl;by; 
mikAk;. 
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9THmwptpay;  
myF– 4  

kpd;D}l;lKk; kpd;Ndhl;lKk;  
 

mwpKfk;:  
 
epiw> ePsk; Mfpatw;iwg; NghyNt kpd;D}l;lKk; midj;Jg; gUg;nghUs;fSf;Fk; chpa xU 
mbg;gilg; gz;ghFk;. gUg;nghUs;fs; midj;Jg; mZf;fshYk;> %yf;$WfshYk; Mdit 
vd;gJ ehk; mwpe;jNj. mZf;fs; vyf;l;uhd;> GNuhl;lhd;> epA+l;uhd; Mfpa Jfs;fisf; 
nfhz;Ls;sd. ,aw;ifapy;> vyf;l;uhd;fs; vjph; kpd;D}l;lKk;> GNuhl;lhd;fs; Neh; 
kpd;D}l;lKk; ngw;Ws;sd. epA+l;uhd;fSf;F kpd;Rik ,y;iy. ,e;j kpd;D}l;lq;fspd; 
,af;fNk kpd;Ndhl;lk; MFk;. jw;fhyj;jpy; kpd;rhuk; vd;gJ Kf;fpakhd Mw;wy; %yq;fSs; 
xd;whf tpsq;FfpwJ. kpd;D}l;lk;> kpd;Ndhl;lk;> kpd;Rw;Wg; glq;fs; kw;Wk; kpz;Nlhl;lj;jpd; 
tpisTfs;  
 
kpd;D}l;lq;fs;:  
mZtpw;Fs; mZf;fU cs;sJ. mjDs; Neh; kpd;D}l;lk; nfhz;l GNuhl;lhd;fSk;> 
kpd;D}l;lk; mw;w epA+l;uhd;fSk; cs;sd. NkYk; mZf;fUitr; Rw;wp vjph; kpd;D}l;lk; ngw;w 
vyf;l;uhd;fs; Rw;wp tUfpd;wd. vt;tsT GNuhl;lhd;fs; cs;sdNth mttsT vyf;l;uhd;fSk; 
XH; mZtpDs; ,Ug;gjhy; nghJthf midj;J mZf;fSk; eLepiyj;jd;ik cilad.  
 
XH; mZtpypUe;J vyf;l;uhd; ePf;fg;gl;lhy;> mt;tZ Neh; kpd;D}l;lj;ijg; ngWk;> mJNt Neh; 
madp vdg;gLk;. khwhf> XH; vyf;l;uhd; Nrh;f;fg;gl;lhy; mt;tZ vjph; kpd;D}l;lj;ijg; ngWk; 
mJNt vjph; madp vdg;gLk;.  
 
nefpop rPg;gpdhy; cq;fs; jiyKbia rPtpa gpd;> mr;rPg;G rpW fhfpjj;Jz;Lfisf; 
fth;tijg; rPg;gpdhy; jiyKbia jplkhfr; rPTk; NghJ> cq;fs; jiyKbapdpd;W 
vyf;l;uhd;fs; ntspNawp rPg;gpd; Edpfis milfpd;wd. vyf;l;uhd;fis ,oe;jjhy; Kb Neh; 
kpd;D}l;lj;ijAk; vyf;l;uhd;fisg; ngw;wjhy; rPg;G vjph; kpd;D}l;lj;ijAk; milfpd;wd.  
 
kpd;D}l;lj;ij mstpLjy;:  
 
kpd;D}l;lk; $Yhk; vd;w mytpdhy; mstplg;gLfpwJ. mjd; FwpaPL C. XH; vyf;l;uhdpd; 
kpd;D}l;lk; kpfr;rpwpa kjpg;GilaJ. vyf;l;uhdpd; kpd;D}l;lk; (e vd;W Fwpg;gplg;gLk;) 
mbg;gil myfhff; fUjg;gLfpwJ. mjd; kjpg;G e = 1.6 ×10-19C. vdNt> ve;jnthU 
kpd;D}l;lKk; (q) mbg;gil kpd;D}l;lkhd vyf;l;uhdpd; kpd;D}l;lj;jpd; (e) KO vz; 
klq;fhfNt ,Uf;Fk; vd;gij ,J Fwpf;fpwJ.  
  mjhtJ>q = ne ,q;F n vd;gJ xU KO vz; 
 
nray;Kiwapy;>μC (ikf;Nuh$Y}k;) nC (NeNdh$Y}k;) kw;Wk; pC(gpNfh$Y}k;) Mfpa 
kpd;D}l;l myFfis ehk; gad;gLj;JfpNwhk;.  
  1 μC = 10-6C  1 nC = 10-9C kw;Wk; 1 pC = 10-12C  
 
,ay;ghfNt> kpd;D}l;lq;fs; $l;ly; gz;gpw;F cl;gl;lit. mjhtJ> XH mikg;gpd; nkhj;j 
kpd;D}l;lkhdJ mjpYs;s midj;J kpd;D}l;lq;fspd; Fwpapay; $l;Lj; njhiff;Fr; rkk;. 
vLj;Jf;fhl;lhf> Xh; mikg;gpy;>+5C kw;Wk; -2C Mfpa ,U kpd;D}l;lq;fs; ,Ug;gjhf 
itg;Nghk;. mt;tikg;gpd; nkhj;j kpd;D}l;lk;;(+5C) + (-2C) = +3C MFk;.  
 
,U Gs;sp kpd;D}l;lq;fSf;F ,ilapy; Vw;gLk; epiykpd;dpay; tpir epA+l;ldpd; %d;whtJ 
tpjpapd; mbg;gilapy; ,aq;FfpwJ. xU kpd;D}l;lj;jpd; kPJ Vw;gLk; tpir tpidahfTk; 
,d;ndhU kpd;D}l;lj;jpd; kPJ vw;gLk; tpir vjph;tpidahfTk; nray;gLfpd;wd.  
 
kpd; tpir:  
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kpd;D}l;lq;fSf;fpilapy; Vw;gLk; kpd;tpir (F) ,U tifg;gLk;. xd;W fth;r;rp tpir> 
kw;nwhd;W tpyf;F tpir Xhpd kpd;D}l;lq;fs; xd;iwnahd;W tpul;Lk; Ntwpd kpd;D}l;lq;fs; 
xd;iwnahd;W ftUk; kpd;D}l;lq;fSf;fpilapy; cUthFk; tpir kpd;tpir vdg;gLk;. 
,t;tpir 'njhLifapy;yh tpir' (non-contact force) tifiar; Nrh;e;jJ. Vnddpy;> 
kpd;D}l;lq;fs; xd;Wf;nfhd;W njhLjy; ,y;yhkNyNa ,t;tpir nray;gLk;.  
 
kpd;Gyk;:  
xU kpd;D}l;lj;ijr; Rw;wp mjd; kpd;tpiria NtnwhU Nrhjid kpd;D}l;lk; czuf;$ba 
gFjpNa kpd;Gyk; vdg;gLk;. kpd;Gyk; ngUk;ghYk; NfhLfshYk; kpd;Gyj;jpd; jpir 
mk;Gf;FwpfshYk; Fwpf;fg;gLfpd;wd.  
xU rpW Neh; kpd;D}l;lj;jpd; kPJ nray;gLk; tpirapd; jpirNa kpd;Gyj;jpd; jpirnadf; 
nfhs;sg;gLk;. vdNt> kpd;Gyj;ijf; Fwpf;Fk; NfhLfs; kpd;tpirf; NfhLfs; vdg;gLfpd;wd. 
kpd;tpirf; NfhLfs; xU XuyF Neh; kpd;D}l;lk; kpd;Gyk; xd;wpy; efu Kw;gLk; jpirapy; 
tiuag;gLk; Neh; my;yJ tisTf; NfhLfshFk;. mit fw;gidf; NfhLfNs. mf;NfhLfspd; 
neUf;fk; kpd;Gyj;jpd; typikiaf; Fwpf;Fk;.  
 
xU jdpj;j Neh; kpd;D}l;lj;jpd; kpd; tpirf; NfhLfs; Mutopapy; ntspNehf;fpAk;> vjph; 
kpd;D}l;lj;jpd; kpd;tpirf; NfhLfs; Mutopapy; cs;Nehf;fpAk; ,Uf;Fk;.  
 
xU Gs;spapy; itf;fg;gLk; xuyF Neh; kpd;D}l;lj;jpdhy; czug;gLk; tpirNa mg;Gs;spapy; 
kpd;Gyk; vdg;gLk;. Neh; kpd;D}l;lk; xd;W kpd;Gyj;jpd; jpirapNyNa tpiriag; ngWk;; vjph; 
kpd;D}l;lk; xd;W kpd; Gyj;jpd; jpirf;F vjpuhf tpiriag; ngWk;.  
 
kpd;dOj;jk;:  
kpd;D}l;lq;fSf;fpilNa kpd;tpir (ftUk; tpirNah my;yJ tpul;L tpirNah) ,Ue;jhYk;> 
mit me;j epiyapNyN ,Uj;jg;gl;Ls;sd xU kpd;D}l;lj;ijr; Rw;wp xU kpd;Gyk; ,Uf;Fk; 
vd;gij ehk; mwpNthk;. ,g;Gyj;jpDs; ,Uf;Fk; gpwpnjhU kpd;D}l;lk; tpiria czUk; 
kWjiyahf Kjy; kpd;D}l;lKk; tpiria czUk;. ,k;kpd;D}l;lq;fis epiyepWj;jp XH; 
mikg;ghf itf;f Ntiy nra;ag;gl Ntz;Lk;. ,jd; tpisthf 'kpd;dOj;jk;' vd;wnjhU 
mstPL Njhd;WfpwJ.  
 
midj;J kpd;tpirfSf;Fk; vjpuhf xuyF Neh; kpd;D}l;lk; xd;iw xU Fwpg;gpl;l Gs;spf;Ff; 
nfhz;L tur; nra;ag;gLk; Ntiy kpd;dOj;jk; vdg;gLk;.  
 
kpd;Ndhl;lk;:  
 
kpd;D}l;lk; ngw;w nghUs; xd;wpw;F flj;Jk; ghij mspf;fg;gl;lhy;> vyf;l;uhd;fs; mjpf 
kpd;dOj;jj;jpypUe;J Fiwthd kpd;dOj;jj;jpw;F mg;ghij topNa gha;fpd;wd. nghJthf 
kpd;dOj;j NtWghlhdJ> xU kpd;fyj;jpdhNyh my;yJ kpd;fy mLf;fpdhNyh 
toq;fg;gLfpwJ. vyf;l;uhd;fs; efUk;NghJ kpd;D}l;lk; cUthtjhff; $WfpNwhk;. mjhtJ> 
kpd;D}l;lkhdJ efUk; vyf;l;uhd;fshy; cUthfpwJ.  
 
kpd;Ndhl;lj;jpd; jpir:  
vyf;luhd;fspd; fz;Lgpbg;Gf;F Kd; Neh; kpd;D}l;lq;fspd; ,af;fj;jpy; jhd; kpd;Ndhl;lk; 
mlq;fpAs;sJ vd;W mwptpayhsh; ek;gpdh;. ,J jtW vd;gij ,g;NghJ ehk; 
mwpe;jpUe;jhYk; ,f;fUj;J ,d;Dk; gutyhf ,Ue;J tUfpwJ. NkYk;> vyf;l;uhdpd; 
fz;Lgpbg;Gf;Fg; gpd;dUk; kpd;Ndhl;lj;ijg; gw;wpa mbg;gilg; Ghpjypy; vt;tpj ghjpg;Gk; 
Vw;gltpy;iy. Neh; kpd;D}l;lq;fspd; ,af;fk; 'kuG kpd;Ndhl;lk;' vd;Wk; vyf;l;uhd;fspd; 
,af;fk; 'vyf;l;uhd; kpd;Ndhl;lk;' vd;Wk; miof;fg;gLfpd;wd.  
 
kpd;Rw;Wg; glq;fspy; Neh; kpd;thia ePskhd Nfhl;Lj;Jz;bdhYk; vjph; kpd;thia rpwpa 
Nfhl;Lj;Jz;bdhYk; Fwpg;gh;. kpd;fy mLf;F vd;gJ xd;Wf;F Nkw;gl;l kpd;fyq;fspd; 
njhFjpahFk;.  
 
kpd;Ndhl;lj;ij mstpLjy;:  
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kpd;Ndhl;lj;jpd; kjpg;ig mstpl;L mjd; vz;zsit ek;khy; Fwpg;gpl KbAk;. kpd;Rw;wpd; 
xU Gs;spia xU tpdhbapy; fle;J nry;Yk; kpd;D}l;lq;fspd; kjpg;Ng kpd;Ndhl;lk; 
vdg;gLk;. mjhtJ> fk;gpapd; xUFwpg;gpl;l FWf;Fntl;Lg; gug;ig q msT kpd;D}l;lk; t 
fhyj;jpy; fle;jpUe;jhy;> kpd;Ndhl;lj;jpd; msT>I = q/t 
 
kpd;Ndhl;lj;jpd; S.I. myF Mk;gpah; mjd; FwpaPL A. 1 Mk;gpah; vd;gJ fk;gpnahd;wpd; 
FWf;Fntl;Lg; gug;ig 1 tpdhbapy; 1 $Y}k; mstpyhd kpd;D}l;lk; flf;Fk; NghJ 
cUthFk; kpd;Ndhl;lk; MFk;.  
  1 Mk;gpah; = 1 $Y}k; / 1 tpdhb (my;yJ)  
   1A = 1 C/1s = 1 C s-1.  
 
xU kpd;Rw;wpy; mikAk; kpd;Ndhl;lj;jpd; kjpg;ig mstpl cjTk; fUtp mk;kPl;lh; vdg;gLk;.  
 
ve;j kpd;Rw;wpy; kpd;Ndhl;lj;ij mstpl Ntz;LNkh mjpy; Mk;kPl;liu njhlhpizg;gpy; 
,izf;f Ntz;Lk; mk;kPl;lhpd; rptg;G Kidapd; (+) topNa kpd;Ndhl;lk; Eioe;J fUg;G 
Kidapd; (-) topNa ntspNaWk;.  
 
fk;gpnahd;wpd; FWf;Fntl;Lg; gug;ig 25 $Y}k; mstpyhd kpd;D}l;lk; 50 tpdhb fhyj;jpy; 
fle;J nrd;why; mjdhy; tpisAk; kpd;Ndhl;lj;jpd; msT vd;d?  
jPh;T:  
I = q/t = (25 C) /(50 s) = 0.5 C/s = 0.5 A 
 
 
tpsf;F xd;wpd; topNa ghAk; kpd;Ndhl;lk; 0.2A. tpsf;F xU kzp Neuk; vhpe;jpUe;jhy;> 
mjd; topNa gha;e;j nkhj;j kpd;D}l;lj;jpd; kjpg;G vd;d?  
jPh;T:  
    I = q/t; q = I t 
 1 kzp = 1 ×60 × 60 = 3600 s  
          q = I t = 0.2 A × 3600 s = 720 C  
 
kpd;dpaf;Ftpir:  
ePh; epug;gg;gl;l xU Fohapd; ,U KidfSk; ,izf;fg;gl;Ls;sjhff; fUJNthk;. KOtJk; 
epuk;gpapUg;gpDk;> ePh; jhdhfNt me;jf; FohapDs; Rw;wptu KbahJ. khwhf> ,iwg;ghd; 
(pump) xd;iw Fohapy; ,izj;jhy;> mJ ePiuj; js;Stjd; %yk; FohapDs; ePNuhl;lk; 
fhzg;gLk;. ,aq;Fk; ePiuf; nfhz;L> gad;gLk; tifapy; Ntiy nra;a ,aYk;. ePH;r;rf;fuk; 
xd;iw ,ilapy; nghUj;jpdhy;> mJ RoYk;; mjd; %yk; nghwpfis ,af;f KbAk;.  
 
mJNghy> xU tl;l tbt jhkpuf;fk;gp vyf;l;uhd;fshy; epuk;gp cs;sJ. vdpDk;> mit ve;jf; 
Fwpg;gpl;l jpirapYk; ,aq;Ftjpy;iy. mtw;iw Fwpg;gpl;l xU jpirapy; ,af;f> tpir 
nghUj;jpdhy;> mJ RoYk; mjd; %yk; nghwpfis ,af;f KbAk;.  
 
mJNghy> xU tl;l tbt jhkpuf;fk;gp vyf;l;uhd;fshy; epuk;gp cs;sJ. vdpDk;> mit ve;jf; 
Fwpg;gpl;l jpirapYk; ,aq;Ftjpy;iy. mtw;iw Fwpg;gpl;l xU jpirapy; ,af;f> tpir xd;W 
Njitg;gLfpwJ. ePh; ,iwg;ghd; kw;Wk; kpd;fy mLf;F Mfpatw;wpd; xg;gPl;L fhl;lg;gl;Ls;sJ. 
 
kpd;fyq;fSk;> kw;w kpd;dhw;wy; %yq;fSk; ,iwg;ghidg; Nghd;W nray;gl;L> 
kpd;D}l;lq;fisj; js;Stjhy; mit fk;gp my;yJ flj;jpapd; topNa gha;fpd;wd. 
kpd;dhw;wy; %yq;fspd; ,e;j js;Sk; nray;ghL mtw;wpd; kpd;dpaf;F tpirapdhy; 
nra;ag;gLfpwJ. kpd;dpaf;F tpirapd; FwpaPL ε. xU kpd;dhw;wy; %yj;jpd; kpd;dpaf;F tpir 
vd;gJ xuyF kpd;D}l;lkhdJ (q) kpd;Rw;iw xUKiw Rw;wptu nra;ag;gLk; Ntiy (W) 
MFk;.  
   ε = W/q 
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,q;F W vd;gJ nra;ag;gl;l Ntiy kpd;dpaf;F tpirapd; SI myF [_y; /$Y}k; (JC-1) 
my;yJ Nthy;l; (v). kpd;dhw;wy; %yk; xd;W xU $Y}k; kpd;D}l;;lj;ij kpd;Rw;iwr; Rw;wp 
mDg;g xU [_iy Ntiyiar; nra;jhy; mjd; kpd;dpaf;F tpir 1 Nthy;l; vdyhk;.  
 
xU kpd;fyj;jpd; kpd;dpaf;F tpir 1.5V. 0.5C. kpd;D}l;lj;ij me;j kpd;Rw;iwr; Rw;wp 
mDg;gj; Njitg;gLk; Mw;wy; vt;tsT? 
jPh;T:  
ε  = 1.5 V; q = 0.5 C  
ε  = W/q; W = ε×q= 1.5 × 0.5 = 0.75 J  
 
kpd;dOj;j NtWghL:  
ehk; kpd;fyj;jpd; xU KidAld; ,d;ndhU Kidia kl;Lk; fk;gp nfhz;L ,izg;gJ 
,y;iy. nghJthf> xU kpd; tpsf;ifNah> rpW kpd; tprpwpiaNah my;yJ VNjDk; xU kpd; 
fUtpiaNah ,izj;j gpd; mjd; topNa kpd;Ndhl;lj;ij nrYj;JfpNwhk;. ,jdhy;> kpd;fyk; 
my;yJ kpd;dhw;wy; %yj;jpYs;s Fwpg;gpl;l msT kpd;dhw;wy; xspahw;wyhfNth> ve;jpu 
Mw;wyhfNth> ntg;g Mw;wyhfNth khw;wg;gLfpJ. kpd; tpsf;F (my;yJ ,ju gpw kpd; 
fUtpfs;) topahfr; nry;Yk; xt;nthU $Y}k; kpd;D}l;lj;jpdhYk; gpw tiffshf khw;wg;gLk; 
kpd;dhw;wypd; msT me;j kpd; fUtpf;Ff; FWf;Nf cUthFk; kpd;dOj;j NtWghl;ilr; 
rhh;e;Nj ,Uf;fpwJ. kpd;dOj;j NtWghl;bd; FwpaPL V. 
    V = W/q 
 
,q;F>W vd;gJ nra;ag;gl;l Ntiy> mjhtJ gpw tif Mw;wy;fshf khw;wg;gl;l 
kpd;dhw;wypd; msT ([_ypy;) MFk;.q vd;gJ kpd;D}l;lj;jpd; msT ($Y}kpy;). kpd;dOj;j 
NtWghL kw;Wk; kpd;dpaf;F tpir ,it ,uz;bw;FNk S.I myF Nthy;l; (V) MFk;.  
 
xU kpd; #Nlw;wpapd; topahf 2 × 104C kpd;D}l;lk; gha;fpwJ. 5 MJ MJ msT kpd;dhw;wy; 
ntg;g Mw;wyhf khw;wg;gLfpwJ vdpy;>#Nlw;wpapd; FWf;Nf fhzg;gLk; kpd;dOj;j 
NtWghl;ilf; fzf;fpLf.  
jPh;T: V = W/q = 5 × 106 J /2 × 104C = 250V 
 
kpd;dOj;j NtWghl;il mstpl cjTk; fUtp Nthy;l;kPl;lh; MFk;. xU fUtpapd; FWf;Nf 
fhzg;gLk; kpd;dOj;j NtWghl;il mse;jpl Nthy;l;kPl;lh; xd;iw mjw;F gf;f ,izg;ghf 
,izf;f Ntz;Lk;. kpd;tpsf;F xd;wpd; kpd;dOj;j NtWghl;il mse;jpl Ntz;Lnkdpy;> 
fhl;bAs;sthW mij ,izj;jy; Ntz;Lk;.  
 
Fwpg;G: Nthy;l;kPl;lhpd; rptg;G Neh;kpid kpd;Rw;wpd; Neh;f;Fwp (+) gf;fj;JlDk; mjd; fUg;G 
vjph;Kid kpd;Rw;wpd; vjph;f;Fwp (-) gf;fj;JlDk; kpd;rhjdj;jpw;Ff; (kpd;tpsf;F) FWf;Nf 
,izf;fg;gl Ntz;Lk;.  
 
kpd;jil:  
xU kpd; fUtpapd; topNa kpd;dhl;lk; gha;tjw;F mf;fUtp mspf;Fk; vjph;g;gpd; msNt 
kpd;jil (R) vdg;gLk;. ntt;NtW kpd; nghUs;fspd; kpd;jil ntt;Ntwhf ,Uf;Fk;.  
 
jhkpuk;> mYkpdpak; cs;spl;l cNyhfq;fspd; kpd;jil Gwf;fzpf;fj;jf;f mstpy; ,Uf;Fk;. 
vdNtjhd; mit ew;flj;jpfs; vd miof;fg;gLfpd;wd. khwhf> epf;Nuhk;> nts;sPa Mf;irL 
cs;spl;l nghUs;fs; kpd;Ndhl;lj;jpw;F mjpf kpd;jilia mspf;fpd;wd. mit kpd; flj;jhg; 
nghUs;fs; vd miof;fg;gLfpd;wd. NkYk;> kpd;fhg;Gfs; vd;wiof;fg;gLk; rpy nghUs;fs; 
(fz;zhb> gy;gbkk; vd;w ghypkh;> ,ug;gh; kw;Wk; fhfpjk; cs;spl;lit) rpwpJk; 
kpd;Ndhl;lj;ijf; flj;jhjit. ,t;tidj;J tifg; nghUs;fSNk gy;NtW tiffspy; 
gaDs;sjhfTk; kpd;Rw;Wfspy; ghJfhg;Gf; fUtpfshfTk; gad;gLj;jg;gLfpd;wd.  
 
kpd;jilapd; SI myF Xk; kw;Wk; mjd; FwpaPL Ω MFk;. xU fl;lj;jpapd; topahf 1 
Mk;gpah; kpd;Ndhl;lk; ghAk; NghJ mjd; KidfSf;fpilapyhd kpd;dOj;j NtWghL 1 
Nthy;l; vdpy; me;jf; flj;jpapd; kpd;jil 1 Xk; MFk;.  
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kpd;jiliag; gad;gLj;jp xU kpd;Rw;wpy; nry;Yk; kpd;Ndhl;lj;jpd; msitf; fl;Lg;gLj;jyhk;. 
,t;thW kpd;jilia mspf;Fk; nghUs;fSf;F 'kpd;jilaq;fs;' vd;W ngah;. kpd;jilaq;fs; 
epiyahfTk; ,Uf;fyhk; my;yJ khWk; kjpg;GiladthfTk; ,Uf;fyhk;.  
  
epiyahd kpd;jilaq;fs; xU Fwpg;gpl;l khwh kjpg;Gila kpd;jiliaf; nfhz;bUf;Fk;. 
khWk; kpd;jilaq;fSk; kpd;jil khw;wpfSk; ekf;Fj; Njitg;gLk; kjpg;Gila 
kpd;jilfisg; ngWk; tz;zk; khw;wpaikf;ff; $bajhf ,Uf;Fk;  
 
Fwpg;G:  
kpd;dpaf;F tpir – kpd;dOj;j NtWghL ,uz;bw;Fkhd NtWghL.  
,uz;ilANk mstpl Nthy;l; vd;w myifNa gad;gLj;Jtjhy; ,itapuz;Lk; xd;W 
Nghyj; Njhd;Wk;. Mdhy; cz;ik mJty;y. kpd;dhw;wy; %yk; xd;W kpd;Rw;wpd; 
topNa kpd;Ndhl;lj;ijr; nrYj;jhj epiyapy; mjd; KidfSf;Ff; FWf;Nf 
fhzg;gLk; kpd;dOj;jq;fspd; NtWghL kpd;dpaf;F tpir vdg;gLk;. khwhf> 
kpd;dhw;wy; %ykhdJ kpd;fUtpfspd; topahfNth my;yJ xU kpd;Rw;wpNyh 
kpd;Ndhl;lj;ijr; nrYj;Jk; epiyapy; mjd; KidfSf;Ff; FWf;Nf fhzg;gLk; 
kpd;dOj;jq;fspd; NtWghL kpd;dOj;j NtWghL vdg;gLk;.  

 
kpd;Rw;Wg; glk;:  
kpd; fk;gpapizg;igf; Fwpf;fTk; kpd;Rw;Wfs; njhlh;ghd fzf;Ffisj; jPh;;f;fTk;> kpd;Rw;Wg; 
glq;fs; tiuag;gLfpd;wd.  
xU kpd;Rw;Wg; glj;jpd; ehd;F Kf;fpaf; $Wfshtd:  
1. kpd;fyk;  
2. ,izg;Gf; fk;gp 
3. rhtp 
4. kpd;jil my;yJ kpd;gS 
,ijj; jtpu> gpw kpd; fUtpfSk; xU kpd; Rw;wpy; gad;gLj;jg;glyhk;. mtw;iwf; Fwpg;gjw;F 
rPuhd FwpaPl;L Kiw cUthf;fg;gl;Ls;sJ. xU FwpaPl;L nkhopiaf; fw;gJ Nghy; ,ijAk; 
fw;why;> kpd;Rw;Wg; glq;fisg; Ghpe;J nfhs;tJ vspJ. kpd;Rw;Wfspy; nghJthf 
gad;gLj;jg;gLk; FwpaPLfs; rpy nfhLf;fg;gl;Ls;sd.  
 
kpd;Rw;Wf;fspy; gad;gLj;jg;gLk; nghJthd FwpaPLfs;;  
 
gy;NtW kpd;Rw;Wfs;:  
 
,U kpd;Rw;WfisAk;  ,U kpd; tpsf;Ffs; njhlhpizg;gpYk; gf;f ,izg;gpYk; 
,izf;fg;gl;Ls;sd. mtw;iwg; gw;wp jd;j;jdpahff; fhz;Nghk;.  
 
njhlh; ,izg;Gfs;:  
 
njhlhpizg;gpy; ghAk; kpd;Ndhl;lj;ij ,t;tif ,izg;gpy; xt;nthU fUtpAk; (my;yJ 
kpd;jilAk;) xd;iwaLj;J xd;whf xNu jlj;jpy; ,izf;fg;gLfpd;wd. njhlhpizg;gpy; 
kpd;D}l;lk; gha;tjw;F xNunahU ghij kl;LNk cs;sJ. njhlhpizg;gpy; nry;Yk; 
kpd;Ndhl;lk; (I) khwhky; ,Uf;Fk; vd;gij ,jpypUe;J ehk; mwpayhk;. mjhtJ 
njhlhpizg;gpYs;s kpd;Rw;wpy; midj;Jg; Gs;spfspYk; xNuasT kpd;Ndhl;lk; gha;fpwJ.  
 
 
gf;f ,izg;Gr; Rw;Wfs;:  
gf;f ,izg;Gr; Rw;Wfspy; xNu kpd;dpaf;Ftpir %yj;Jld; ntt;NtW fUtpfs;> ,uz;L 
my;yJ mjw;F Nkw;gl;l jlq;fspy; ,izf;fg;gLfpd;wd. ,j;jifa Rw;wpy; kpd;D}l;lk; 
gha;tjw;F xd;Wf;F Nkw;gl;l ghijfs; cs;sd. gf;f ,izg;Gfspy; xt;nthU jdpj;jdp 
kpd;Ndhl;lj;jpd; $l;Lj;njhifahdJ ,izg;ig Nehf;fp tUk; (my;y) ,izg;ig tpl;L 
ntspNaWk; Kjd;ik kpd;Ndhl;lj;jp;w;Fr; rkk;. NkYk;> gf;f ,izg;Gr; Rw;Wfspy;> xt;nthU 
fpisfspYk; fhzg;gLk; kpd;dOj;j NtWghL rkkhFk;.  
 
kpd;Ndhl;lj;jpd; tpisTfs;:  
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xU kpd;Rw;wpy; kpd;Ndhl;lk; ghAk; NghJ> gytpj tpisTfis mJ Vw;gLj;JfpwJ. mtw;Ws; 
Kjd;ikahdit: ntg;g tpisT> Ntjp tpisT kw;Wk; fhe;j tpisT. kpd;Ndhl;lj;jpd; 
gha;T 'vjph;f;fg;gLk;NghJ'> ntg;gk; cUthfpwJ. xU fk;gpapNyh my;yJ kpd;jilaj;jpNyh 
vyf;l;uhd;fs; ,aq;Fk; NghJ mit jilia vjph;nfhs;fpd;wd. ,ijf; flf;f Ntiy 
nra;ag;gl Ntz;Lk;. ,JNt ntg;g Mw;wyhf khw;wg;gLfpwJ. kpd;dhw;wy; ntg;g Mw;wyhf 
khw;wg;gLk; ,e;epfo;T [_y; ntg;gNkwy; my;yJ [_y; ntg;gtpisT vdg;gLk;. Vnddpy;> 
,t;tpisit [_y; vd;w mwptpaywpQh; tphpthf Ma;T nra;jhh;. kpd;ryitg; ngl;b> ePH; 
#Nlw;wp> (nuhl;b) tWjl;L cs;spl;l kpd;ntg;grhjdq;fspd; mbg;gilahf ,t;tpisNt 
tpsq;FfpwJ. kpd; ,izg;Gf; fk;gpfspy; $l rpwpjsT kpd;jil fhzg;gLtjhy;jhd; 
ve;jnthU kpd; rhjdKk; ,izg;Gf; fk;gpAk; gad;gLj;jpa gpd; #lhff; fhzg;gLfpd;wd.  
 
ftdk; (vr;rhpf;if):  
ntg;g tpisT> Ntjp tpisT Ma;Tfis 9V kpd;dpaf;F tpir nfhz;l kpd;fyq;fisf; 
nfhz;Ljhd; nra;a Ntz;Lk;. Vnddpy; 9V kpd;fyk; kpd; mjph;r;rpiaj; juhJ. 
tPLfspy; nfhLf;fg;gLk; 220 V khWkpd;Ndhl;lj;ijg; gad;gLj;jf; $lhJ. mt;thW 
gad;gLj;jpdhy;> ngUk; kpd; mjph;r;rp Vw;gl;L cly; ngUkstpy; ghjpf;fg;glf;$Lk;.  
 
ghjpasT jhkpu ry;Ngl;L fiuryhy; epug;gg;gl;l FLitia vLj;Jf; nfhs;sTk;. cyh; kpd; 
fyj;jpy; gad;gLj;jg;gLk; fhh;gd; jz;il vLf;fTk;. mjd; xU Kidapy; ,izg;Gf; 
fk;gpiar; Rw;wTk;. jbkdhd jhkpuf;fk;gp xd;iw vLj;J Rj;jk; nra;J gpd;dh; Rj;jayhy; 
ed;F mbj;J mijj; jl;ilahf;fTk;. jhkpuf;fk;gp kw;Wk; fhh;gd; jz;L ,uz;ilANk jhkpu 
ry;Ngl;Lf; fiurypy; mkpo;j;jTk;. fhh;gd; jz;il kpd;fyj;jpd; vjph; kpd;thAlDk; 
jhkpuf;fk;gpia Neh; kpd;thAlDk; ,izf;fTk;. fhh;gd; jz;Lk; jhkpuf;fk;gpAk; mUfpy; 
cs;sthWk; mNj rkak; xd;iwNahd;W njhlhj tz;zKk; ghh;j;Jf;nfhs;sTk;. rw;W 
nghWj;jpUe;J ghh;f;fTk;. rpwpJ Neuj;jpw;Fg; gpwF fhh;gd; jz;bd; kPJ jhkpug; gbtj;ijf; 
fhzyhk;. ,JNt kpd;dhw;G+r;R (my;yJ kpd; Kyhk; G+Rjy;) vdg;gLk;. ,J kpd;Ndhl;lj;jpd; 
Ntjp tpistpdhy; Vw;gLk; epfo;thFk;.  
 
,Jtiu ehk; ghh;j;j epfo;Tfspy; kpd;Ndhl;lk; vyf;l;uhd;fspdhy; kl;LNk flj;jg;gLtijf; 
fz;Nlhk;. Mdhy;> jhkpu ry;Ngl;Lf; fiurypy; kpd;Ndhl;lk; ghAk;NghJ vyf;l;uhd; kw;Wk; 
jhkpu Neh; madp ,uz;LNk kpd;Ndhl;lj;ijf; flj;Jfpd;wd. fiury;fspy; kpd;Ndhl;lk; 
flj;jg;gLk; epfo;T 'kpd;dhw;gFg;G" vdg;gLk;. kpd;Ndhl;lk; ghAk; fiury; 'kpd;gF jputk;' 
vdg;gLk;. fiurypy; mkpo;j;jg;gLk; Neh; kpd;tha; "MNdhL" vdTk; vjph; kpd;tha; "NfhNjhL" 
vdTk; miof;fg;gLfpd;wd. ,q;F Fwpg;gplg;gl;l Ma;tpy; jhkpuf;fk;gp MNdhlhfTk; fhh;gd; 
jz;L NfNjhlhfTk; nray;gLfpd;wd.  
 
kdpj clypy; kpd;D}l;lj; Jfs;fspd; ,af;fj;jhy; kpfTk; typik Fd;wpa kpd;Ndhl;lk; 
cUthfpwJ. ,ij euk;G ,izg;g irif vd;gh;. ,j;jifa iriffs; kpd; 
Ntjpr;nray;fshy; cUthfpd;wd. %isapypUe;J gpw cWg;GfSf;F euk;gpay; kz;lyk; 
%ykhf ,it gazpf;fpd;wd.  
 
kpd;Ndhl;lj;jpd; fhe;j tpisT:  
kpd;Ndhl;lk; jhq;fpa flj;jp> mjw;Ff; Fj;jhd jpirapy; xU fhe;jg;Gyj;ij cUthf;FfpwJ. 
,ijNa kpd;Ndhl;lj;jpd; fhe;j tpisT vd;gh;. ma;h;];nll; (Oersted) vd;w mwptpaywpQhpd; 
fz;Lgpbg;G kw;Wk; tyJif fl;iltpuy; tpjp Mfpait ,e;jg; Gj;jfj;jpy; 'fhe;jtpay; 
kw;Wk; kpd;fhe;jtpay;' vd;w myfpy; tphpthf toq;fg;gl;Ls;sJ.  
kpd;Ndhl;lj;jpd; jpir tyJif fl;il tpuypdhy; fhz;gpf;fg;gLfpwJ. kpd;Ndhl;lj;jpd; jpir 
tyJif fl;iltpuypy; jpirapYk; fhe;jg;Gyj;jpd; jpir tyJifapd; kw;w tpuy;fspd; 
jpirapYk; ,Uf;Fk;.  
 
kpd;Ndhl;lj;jpd; tiffs;:  
 
ek; md;whl tho;tpy; ,U tpj kpd;Ndhl;lq;fis ehk; gad;gLj;JfpNwhk;. mit: Neh;jpir 
kpd;Ndhl;lk; (dc) kw;Wk; khWjpir kpd;Ndhl;lk; (ac) 
 
Neh;jpir kpd;Ndhl;lk;:  
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kpd;Rw;Wfspy; kpd;Ndhl;lkhdJ mjpf kpd;dOj;jj;jpypUe;J Fiwe;j kpd;dOj;jj;jpw;F> Neh; 
kpd;D}l;lq;fs; ,aq;Fk; jpirapy; ,Uf;Fk; vd;gij ehk; mwpNthk;. cz;ikapy;> 
vyf;l;uhd;fs; kpd;fyj;jpd; vjph; kpd;thapypUe;J Neh; kpd;tha;f;F efh;fpd;wd. ,U 
KidfSf;fpilNa kpd;dOj;j NtWghl;il epiyepWj;j kpd;fy mLf;F gad;gLfpwJ. 
Neh;jpir kpd;Ndhl;lj;jpd; %yq;fspy; xd;W kpd;fy mLf;F MFk;. xNu jpirapy; 
kpd;D}l;lq;fs; ,aq;Ftjhy; Vw;gLtNj Neh;jpir kpd;Ndhl;lk; MFk;. Neh;jpir 
kpd;Ndhl;lj;jpd; gpw %yq;fs; #hpa kpd;fyq;fs;> ntg;g kpd;dpul;ilfs; MfpadthFk;. 
Neh;kpd;Ndhl;lj;ijf; Fwpf;Fk; nfhLf;fg;gl;Ls;sJ.  
 
gy kpd;dZr; Rw;Wfs; Neh;jpir kpd;Ndhl;lj;ijg; gad;gLj;Jfpd;wd. Neh;jpir 
kpd;Ndhl;lj;ijg; gad;gLj;jp Ntiy nra;Ak; fUtpfs; rpy ifNgrp> thndhypg;ngl;b> kpd; 
tpirg;gyif> kpd;rhu thfdq;fs; cs;sp;l;ld MFk;.  
 
khWjpir kpd;Ndhl;lk;:  
 
kpd; jilaj;jpNyh my;yJ kpd; nghUspNyh kpd;Ndhl;lj;jpd;  jpir khwp khwp ,aq;fpdhy; 
mJ khWjpir kpd;Ndhl;lk; vdg;gLk;. fhyj;ijg; nghWj;J mJ ird; tbt Kiwapy; khWk; 
,ay;GilaJ. ,e;j khWghl;il mjph;ntz; vd;w gz;igf; nfhz;L tpthpf;fyhk;. xU 
tpdhbapy; khW kpd;Ndhl;lj;jpy; Vw;gLk; KO Row;rpfisNa mjph;ntz; vd;gh;. khW 
kpd;Ndhl;lj;jpy; vyf;l;uhd;fs; xNu jpirapy; ,aq;Ftjpy;iy. Vnddpy;> kpd; Kidfs; mjpf 
kw;Wk; Fiwe;j kpd;dOj;j kjpg;gpid khwp khwp milfpd;wd. vdNt> fk;gpapy; khWjpir 
kpd;Ndhl;lk; ghAk; NghJ vyf;l;uhd;fs; Kd;Dk; gpd;Dkhf ,aq;Ffpd;wd. khWjpir 
kpd;Ndhl;lk; nfhLf;fg;gl;Ls;sJ.  
 
ek; tPLfSf;F toq;fg;gLk; kpd;Ndhl;lk; khWjpir kpd;Ndhl;lkhFk;. Neh;jpir 
kpd;Ndhl;lj;jpy; kl;LNk ,aq;ff;$ba rhjdq;fis khWjpir kpd;Ndhl;lj;jpy; ,af;f 
Ntz;Lnkdpy;> Kjypy; khWjpir kpd;Ndhl;lj;ij Neh;jpir kpd;Ndhl;lkhf khw;w xU fUtp 
Njit. mjw;Fg; gad;gLk; fUtpf;F jpUj;jp vd;W ngah;. tof;fj;jpy; ,f;fUtpia kpd;fy 
jpUj;jp my;yJ ,zf;fp (nghUj;jp) vd miog;gh;. khwhf> Neh;jpir kpd;Ndhl;lj;ij 
khWjpir kpd;Ndhl;lkhf khw;wg; gad;gLk; fUtp Neh;khw;wp (my;yJ Gul;b) vdg;gLk;. 
(Neh;jpir kw;Wk; khWjpir Rw;Wf;fspy; gad;gLj;jg;gLk;.  
 
Neh;jpir kpd;Ndhl;lj;jpw;F Nkw;gl;l khWjpir kpd;Ndhl;lj;jpd; ed;ikfs;:  
 
khWjpir kpd;Ndhl;lj;jpd; kpd;dOj;j kjpg;ig kpd;khw;wp vd;w nghwpiaf; nfhz;L vspjpy; 
khw;w ,aYk;. mjpf njhiyTfSf;F khWjpir kpd;Ndhl;lj;ij mDg;Gifapy; Vw;W 
kpd;khw;wpfisf; nfhz;L kpd;dOj;jj;ij cah;j;jpa gpd; mDg;Gk;NghJ Mw;wy; ,og;G 
ntFthff; FiwfpwJ. Neh;jpir kpd;Ndhl;lj;ij mt;thW mDg;g ,ayhJ. khWjpir 
kpd;Ndhl;lj;ij vspjpy; Neh;jpir kpd;Ndhl;lkhf khw;w ,aYk;. Neh;jpir kpd;Ndhl;lj;ij 
cUthf;Ftij tpl khWjpir kpd;Ndhl;lj;ij cUthf;Fjy; vspJ. gy tiffspy; gad;gLk; 
kpd;fhe;jj; J}z;liy khWjpir kpd;Ndhl;lj;jpdhy; cUthf;f KbAk;.  
 
Neh;jpir kpd;Ndhl;lj;jpd; ed;ikfs;:  
 
kpd;Kyhk; G+Rjy;> kpd; J}a;ikahf;Fjy;> kpd;dr;R thh;j;jy; Mfpatw;iw Neh;jpir 
kpd;Ndhl;lj;ijf; nfhz;L kl;LNk nra;a ,aYk;. Neh; kpd;D}l;l tbtpy; kl;LNk kpd;rhuj;ij 
Nrkpf;f ,aYk;. 
 
,e;jpahtpy;> tPLfSf;Fg; gad;gLj;jg;gLk; khW kpd;Ndhl;lj;jpd; kpd;dOj;jk; kw;Wk; 
mjph;ntz; KiwNa 220 V, 50 Hz MFk;. khwhf> mnkhpf;f If;fpa ehLfspy; mit KiwNa 
110V kw;Wk; 60 Hz MFk;.  
  
 
kpd;rhuj;jpdhy; tpisAk; Mgj;JfSk; Kd;ndr;rhpf;if eilKiwfSk;:  
kpd;rhuj;jpdhy; tpisAk; rpy Mgj;Jfs; gpd;tUkhW:  
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1. Nrjkile;j kpd;fhg;G: ntw;Wf;fk;gpiaj; njhlhjPH;fs;> ghJfhg;Gf; ifAiwfis 
mzpe;J nfhz;Nlh kpd; fhg;Gila Kf;fhypapy; epd;W nfhz;Nlh my;yJ ,ug;gh; 
fhyzpfis mzpe;J nfhz;Nlhjhd; kpd;rhuj;ijf; ifahs Ntz;Lk;.  
 

2. kpd; nghUj;Jtha;fspy; kpifg;ghuNkw;wy;: xNu kpd; nghUj;Jthapy; gy kpd; 
rhjdq;fisg; nghUj;jhjPh;fs;.  
 

3. nghUj;jkw;w Kiwapy; kpd; rhjdq;fisg; gad;gLj;Jjy;: kpd; rhjdq;fis mtw;wpd; 
tiuasTf;Fj; jFe;jthW gad;gLj;j Ntz;Lk;. cjhuzk;: fhw;Wg;gjdp nghUj;Jk; 
Gs;sp njhiyf;fhl;rpg; ngl;b nghUj;Jk; Gs;sp (Air conditioner point) njhiyf;fhl;rp 
ngl;b nghUj;Jk; Gs;sp> ikf;Nuh miy mLg;G nghUj;Jk; Gs;sp cs;spl;lit.  
 

4. <ug;gjk; kpf;f #oy;: kpd;rhuk; cs;s ,lq;fis ePNuh my;yJ <ug;gjNkh ,y;yhky; 
cyh;e;Js;sthW itj;Jf; nfhs;sTk;. Vnddpy; mJ kpd;frptpw;F toptFf;Fk;.  
 

5. Foe;ijfSf;F vl;Lk; tifapy; itj;jy;: kpd;rhuj;jpdhy; Foe;ijfSf;F Mgj;J 
Vw;glh tz;zk; kpd; nghUj;Jtha;fis itf;f Ntz;Lk;.  
 

cyh;e;;j epiyapy; kdpj clypd; kpd;jil Vwf;Fiwa 1>00>000 Xk;. ek; clypy; jz;zPh; 
,Ug;gjhy;> kpd; jilapd; kjpg;g rpy E}W Xk; Mff; Fiwe;J tpLfpwJ. vdNt> xU kdpj 
cly; ,ay;gpNyNa kpd;Ndhl;lj;ijf; flj;Jk; ew;flj;jpahf cs;sJ. MfNt> kpd;rhuj;ijf; 
ifahSk; NghJ ehk;rpy Kd;ndr;rhpf;if eltbf;iffisf; filgpbf;f Ntz;Lk;.  
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9th SCIENCE  
myF – 5 

fhe;jtpay; kw;Wk; kpd;fhe;jtpay; 
 
mwpKfk;:  
fhe;jq;fisf; nfhz;L vg;NghjhtJ tpisahbapUf;fpwPh;fsh? mjdUfpy; ,Uk;gpid 
itf;Fk;nghOJ ,Uk;G Vd; <h;f;fg;gLfpwJ vd tpae;jpUf;fpwPh;fsh? fhe;jq;fs; kdpjh;fis 
<h;f;ff;$ba nghUl;fshfNt cs;sd. Gfo; tha;e;j mwptpay; mwpQuhd Id;;;;];Bd; 
vd;gth;$l jdJ Foe;ijg;gUtj;jpy; fhe;jq;fshy; <h;f;fg;gl;ljhff; $wpAs;shh;. 
Kw;fhyq;fspy; fhe;jq;fs; fg;gy;fspy; gad;gLj;jg;gl;ld. fg;gy; khYkpfs; fg;gypd; jpiria 
mwpa fhe;jq;fisg; gad;gLj;jpdh;.  
 
ek;ikr; Rw;wp ,U tifahd fhe;jq;fs; cs;sd. mit: ,aw;iff; fhe;jk; kw;Wk; 
nraw;iff; fhe;jk;. ,aw;ifahfNt fpilf;ff;$ba fhe;jk; ,aw;iff; fhe;jk; vdg;gLk;. ,it 
cyfpd; gy ,lq;fspYs;s ghiwfs; kw;Wk; kzw; gbTfspy; fhzg;gLfpd;wd. Nkf;dill; 
vDk; fhe;jf;fy;Ny kpfTk; typikahd ,aw;iff; fhe;jkhFk;.  
 
,aw;iff; fhe;jq;fspd; fhe;jg; gz;Gfs; epiyahdit. mit vg;nghOJk; 
mopf;fg;gLtjpy;iy. Kw;fhyj;jpy; fhe;jf; fw;fs; jpirfhl;bfshfg; gad;gLj;jg;gl;ld. 
kdpjh;fshy; cUthf;fg;gl;l fhe;jk; nraw;iff; fhe;jk; vdg;gLk;. filfspy; fpilf;Fk; 
fhe;jq;fs; nghJthfNt nraw;iff; fhe;jq;fs; MFk;. ,g;ghlj;jpy; fhe;jj;jpd; gz;Gfs;> 
kpd;Ndhl;lj;jpd; fhe;j tpisT> kpd;fhe;j J}z;ly; kw;Wk; mtw;wpd; gad;fs; gw;wp fhz;Nghk;.  
 
fhe;jg;Gyk; (B): 
 
NkNyAs;s nray;ghl;bypUe;J fhe;jq;fs; mtw;iwr; Rw;wpYk; fz;Zf;Fg; Gyg;glhj 
Gyj;ijf; nfhz;Ls;sd vd;gij ehk; ftdpf;fpNwhk;. mit fhe;jg; nghUl;fis <h;f;fpd;wd. 
,e;jg; gFjpapy; fhe;jj;jpdhy; Vw;gLk; <h;g;G kw;Wk; tpyf;F tpiria ehk; czuyhk;. 
fhe;jj;ijr; Rw;wp cs;s> fhe;jj; jd;ikia czuf;$ba ,lk; fhe;jg;Gyk; vd 
miof;fg;gLfpwJ. ,JB vd;Dk; FwpaPl;lhy; Fwpf;fg;gLfpwJ. ,jd; myF nl];yh MFk;.  
 
fhe;jg;Gyj;jpy; xU rpwpa jpirfhl;bia itg;gjd; %yk;> xU fhe;jj;ijr; Rw;wpAs;s fhe;jg; 
Gyj;jpd; jpiria mwpayhk;.  
 
fhe;jg;GykhdJ fhw;wpy; kl;Lky;y> midj;J tifahd nghUl;fspYk; CLUtpr; nry;Yk;> 
G+kp mjd; fhe;jg;Gyj;ij mJthfNt cUthf;FfpwJ. ,J #hpadpd; #hpaf; fhw;wpypUe;J 
G+kpapd; XNrhd; mLf;ifg; ghJfhf;fpwJ kw;Wk; jpirfhl;b %yk; fly; topg; gazj;jpw;Fk; 
mtrpakhfpwJ.  
 
fhe;j tpirf; NfhLfs;:  
 
fhe;jg;Gyf; NfhL> fhe;jg;Gyj;jpy; tiuag;gl;l xU tisthd NfhL MFk;. ,jd; ve;jnthU 
Gs;spapYk; tiuag;gLk; njhLNfhlhdJ fhe;jg;Gyj;jpd; jpiriaf; fhl;LfpwJ. fhe;jg;Gyf; 
NfhLfs; tl JUtj;jpy; njhlq;fp> njd; JUtj;jpy; Kbtilfpd;wd mk;Gf; FwpahdJ A, B 
kw;Wk; C vd;w Gs;spfspy; fhe;jg; Gyj;jpd; jpiriaf; Fwpf;fpwJ. xt;nthU Gs;spapYk; 
fhe;jg;GykhdJ njhLNfhl;bd; jpirapNyNa mike;jpUg;gjidf; ftdpf;fTk;.  
 
fhe;jg; ghak;:  
fhe;jg; ghak; vd;gJ xU Fwpg;gpl;l gug;gpd; topahff; fle;J nry;Yk; fhe;jg;Gyf; NfhLfspd; 
vz;zpf;if MFk; ,J φ vd;Dk; FwpaPl;lhy; Fwpf;fg;gLfpwJ. ,jd; myF ntgh; (Wb) 
MFk;.  
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rpy fly; Mikfs; (yhn[h;n`l; fly; Mik) mit gpwe;j flw;fiuNahuk; gy 
Mz;LfSf;Fg; gpwFk; te;J Kl;ilapLfpd;wd. xU Muha;r;rpapy;> Mikfs; jq;fsJ 
gpwe;j flw;fiuiaf; fz;lwpa Gtpf;fhe;j cUg;gjpj;jy; vd;Dk; Kiwiaf; 
ifahSfpd;wd vd;W $wg;gLfpwJ. ,e;j Mikfs;> Gtpapd; gy;NtW ,lq;fspYs;s 
fhe;jg;Gy typikia epidtpy; nfhs;Sk; Mw;wy; cilait. ,e;j epidthw;wy; 
mit jhafj;jpw;Fj; jpUk;Gtjw;F cjTfpwJ.  
 
fhe;jtpirf; NfhLfspd; gz;Gfs;:  

• fhe;jtpirf; NfhLfs; fhe;jj;jpd; cl;Gwk; CLUtpr; nry;Yk; njhlh; 
tisNfhLfshFk;.  
 

• fhe;jtpirf; NfhLfs; fhe;jj;jpd; tl JUtj;jpy; Jtq;fp njd; JUtj;jpy; 
KbtilAk;.  
 

• fhe;jtpirf; NfhLfs; xUNghJk; xd;Wf;nfhd;W ntl;bf; nfhs;shJ. 
 

• ,it fhe;jj;jpd; eLg;gFjpia tpl JUtq;fspy; mjpfkhf ,Uf;Fk;.  
 

• tisNfhl;bd; ve;jnthU Gs;spapYk; tiuag;gLk; njhLNfhlhdJ fhe;jg;Gyj;jpd; 
jpiriaf; fhl;LfpwJ.  
 

kpd;Ndhl;lj;jpd; fhe;j tpisT:  
 
1820 Mk; Mz;L Vg;uy; khjk; 21 Mk; Njjp `hd;;]; fpwp];bad; mah;];nll; vd;w xU 
lhdp~; ,aw;gpayhsh; xU tphpTtiuia toq;fpf; nfhz;bUe;jhh;. mth; me;j tFg;gpy; 
kpd;Rw;Wfisf; Fwpj;J tpsf;fpf; nfhz;bUe;jhh;. mth; tphpTiuapd; NghJ mbf;fb kpd;Rw;iw 
%bj; jpwf;f Ntz;bapUe;jJ. jw;nrayhf> mth; Nki[apy; fhe;jj; jpirfhl;bapd; Crp 
tpyFtijf; ftdpj;jhh;. vg;Nghnjy;yhk; kpd;Rw;W %lg;gl;L fk;gp topahf kpd;rhuk; 
gha;;e;jNjh mg;Nghnjy;yhk; fhe;j CrpahdJ ghh;itahsh;fs; $L ftdpf;fhj tz;zk; rw;Nw 
tpyfpaJ. Mdhy; mJ mah;];nll;Lf;Fj; njspthfj; njhpe;jJ. ,jdhy; <Hf;fg;gl;l mth; 
gy;NtW Nrhjidfis Nkw;nfhz;L kpf mw;Gjkhd tpisthd kpd;Ndhl;lj;jpd; fhe;j 
tpistpidf; fzlwpe;jhh;.  
 
mah;];nll;> XY vDk; xU fk;gpia rhpahf tl – njd; jpirapy; ,Uf;FkhW mikj;jhh;. 
fhe;jtpirf; NfhLfSf;Fr; nrq;Fj;jhf mike;j XuyF gug;igf; fle;J nry;Yk; 
fhe;jtpirf; NfhLfspd; vz;zpf;if fhe;jg; gha mlh;j;jp vd;W miof;fg;gLk;. ,jd; myF 
Wb / m2MFk;.  
  

fhe;jtpirf; NfhLfspd; gz;Gfs;:  
 

• fhe;jtpirf; NfhLfs; fhe;jj;jpd; cl;Gwk; CLUtpr; nry;Yk; njhlh; 
tisNfhLfshFk;.  
 

• fhe;jtpirf; NfhLfs; fhe;jj;jpd; tl JUtj;jpy; Jtq;fp njd; JUtj;jpy; 
KbtilAk;.  
 

• fhe;jtpirf; NfhLfs; xUNghJk; xd;Wf;nfhd;W ntl;bf; nfhs;shJ.  
 

• ,it fhe;jj;jpd; eLg;gFjpia tpl JUtq;fspy; mjpfkhf ,Uf;Fk;.  
 

• tisNfhl;bd; ve;jnthU Gs;spapYk; tiuag;gLk; njhLNfhlhdJ fhe;jg;Gyj;jpd; 
jpiriaf; fhl;LfpwJ.  
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mth; fk;gpapd; Nky; A vDk; Gs;spapy; xU fhe;j jpirfhl;biaAk;> fk;gpapd; fPo; B vDk; 
Gs;spapy; kw;nwhU fhe;j jpirfhl;biaAk; itj;jhh;. kpd;Rw;W jpwe;j epiyapy; ,Ue;jNghJ 
mjd; topahf kpd;rhuk; ghatpy;iy. ,g;nghOJ ,U fhe;j CrpfSk; tl JUtj;ijNa 
fhl;bd. kpd;Rw;W %lg;gl;L kpd;rhuk; gha;e;jnghOJ>A vDk; fk;gpapd; kPJ itf;fg;gl;l 
jpirfhl;b fpof;F Nehf;fpAk;>B vDk; Gs;spapy; fk;gpapd; kPJ itf;fg;gl;l jpirfhl;b Nkw;F 
Nehf;fpAk; tpyfyile;jd ,jpypUe;J kpd;Ndhl;lk; ghAk; flj;jpahdJ mjidr; Rw;wp fhe;jg; 
Gyj;ij cUthf;fpaJ vd;gJ njhpfpwJ.   
 
tyf;if ngUtpuy; tpjpiag; gad;gLj;jp kpd;Ndhl;lk; ghAk; kpd; flj;jpiar; Rw;wpAs;s 
fhe;jf; NfhLfspd; jpiria vspjhfg; Ghpe;J nfhs;s KbAk;. ngUtpuy; Nky; Nehf;fpa 
epiyapy; ,Uf;Fk; gb cq;fs; tyJ ifapd; ehd;F tpuy;fshy; fk;gpiag; gpbf;Fk;nghOJ> 
kpd;Ndhl;lj;jpd; jpirahdJ ngUtpuiy Nehf;fp ,Ue;jhy;> fhe;jf; NfhLfs; cq;fs; kw;w 
ehd;F tpuy;fspd; jpirapy; ,Uf;Fk; ,jpypUe;J fhe;jg;GykhdJ vg;NghJk; kpd;rhuk; ghAk; 
jpirf;Fr; nrq;Fj;jhf ,Uf;Fk; vd;gJ njhpfpwJ.  
 
kpd;Ndhl;lk; ghAk; fk;gpahy; cUthFk; fhe;jg;Gyj;jpd; typik:  
 

1. fk;gpapd; kpd;Ndhl;lk;> 
2. fk;gpapy; ,Ue;J Gs;spapd; J}uk;  
3. fk;gpapy; ,Ue;J Gs;spapd; jpiraikg;G kw;Wk;  
4. Clfj;jpd; fhe;j ,ay;G  
Nghd;wtw;iwr; rhh;e;jpUf;Fk;. fhe;jtpirf;NfhLfs; kpd; fk;gpf;F mUfpy; tYthfTk;. 
mij tpl;L tpyfpr; nry;Yk;NghJ FiwthfTk; FiwthfTk; cs;sJ. ,J fk;gpapd; 
mUfpy; neUq;fpa fhe;j tpirf; NfhLfisAk; tpyfpr; nry;yr; nry;y Fiwthd 
fhe;jtpirf; NfhLfisAk; tiutjd; %yk; Fwpf;fg;gLfpwJ.  
 

fhe;jg;Gyj;jpy; itf;fg;gl;l flj;jpapy; cUthFk; tpir:  
 
xU fhe;jg;Gyj;jpy; fhe;jg; Gyj; jpiray;yhj NtnwhU jpirapy; efUk; kpd;D}l;lkhdJ xU 
tpiria czh;fpwJ vd;gjid H.A. yhud;]; vd;gth; fz;lwpe;jhh;. ,J fhe;jtpay; yhud;]; 
tpir vd miof;fg;gLfpwJ. ,af;fj;jpYs;s kpd;D}l;lkhdJ kpd;Ndhl;lj;ijf; 
nfhz;bUg;gjhy;> fhe;jg;Gyj;jpd; jpiriaj; jtpu NtW jpirapy; itf;fg;gLk; xU efUk; 
kpd;D}l;lj;ijf; nfhz;l kpd; flj;jpapd; kPJ xU tpirahdJ nray;gl;L flj;jpapy; 
,af;fj;ij cUthf;Fk;.  
 
kpd;Ndhl;lk; ghAk; flj;jpf;F mUNf itf;fg;gl;l fhe;j Crpapd; tpyfiyf; nfhz;L 
flj;jpiar; Rw;wp flj;jpf;F  nrq;Fj;Jj; jpirapy; xU fhe;jg;Gyk; cUthtijf; fz;Nlhk;. 
NkYk;> fhe;j Crpapy; Vw;gl;l tpyfy; kpd;Ndhl;lk; ghAk; flj;jpapdhy; mjd; kPJ nray;gl;l 
tpiria czh;j;JfpwJ 1821 Mk; Mz;by;> ikf;fy; /ghuNl vd;Dk; mwpQh; xU 
fhe;jg;Gyj;jpy; itf;fg;gLk; NghJ kpd;Ndhl;lk; ghAk; flj;jpAk; tpyf;fkilAk; vd;gijf; 
fz;lwpe;jhh;. epue;ju fhe;jj;jpd; fhe;jg; GyKk; kpd;Ndhl;lk; ghAk; flj;jpahy; cUthf;fg;gLk; 
fhe;jg; GyKk; nray; Ghpe;J kpd; flj;jpapy; xU tpiria cUthf;FfpwJ vdf; fz;lwpe;jhh;. 
kpd;Ndhl;lj; jpirf;F nrq;Fj;Jg; ghh;it fhl;lg;gl;Ls;sJ.  
 
  

fhe;jGyk; B f;F nrq;Fj;jhf L ePsk; cs;s xU flj;jp topahf I kpd;Ndhl;lk; ghAkhdhy;> 
mjd; %yk; cUthFk; tpir F f;fhd rkd;ghL> 
  F = I L B  
NkNy cs;s rkd;ghl;bypUe;J tpirahdJ> flj;jpapd; topNa ghAk; kpd;Ndhl;lk;> flj;jpapd; 
ePsk; kw;Wk; flj;jp itf;fg;gl;bUf;Fk; fhe;jg;Gyk; Mfpatw;wpw;F Neh; jftpy; cs;sJ 
vd;gJ njhpfpwJ.  
 
Fwpg;G: kpd;Ndhl;lk; kw;Wk; fhe;jg; Gyj;jpw;F ,ilNa cs;s rha;tpd; NfhzKk; fhe;j 
tpiriag; ghjpf;fpwJ. flj;jp fhe;jg; Gyj;jpw;F nrq;Fj;jhf ,Uf;Fk;NghJ> tpir 
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mjpfgl;rkhf (=BIL) ,Uf;Fk;. ,J fhe;jg;Gyj;jpw;F ,izahf ,Uf;Fk; NghJ> tpir 
Ropahf ,Uf;Fk;.  
 
tpir vd;gJ xU ntf;lh; msT MFk;. mJ vz;kjpg;igAk; jpiriaAk; nfhz;Ls;sJ. 
vdNt> tpir nray;gLk; jpiriaAk; ehk; mwpe;J nfhs;s Ntz;Lk;. ,e;jj; jpiria 
ngUk;ghYk; /gpskpq;fpd; ,lJ if tpjpg;gb njhpe;J nfhs;syhk;. (tpQ;Qhdp [hd; 
Mk;g;Nuh]; /g;nskpq; cUthf;fpaJ).  
 

,lJ fuj;jpd; ngUtpuy;> Ms;fhl;btpuy;> eLtpuy; Mfpait %d;Wk; xd;Wf;nfhd;W 
nrq;Fj;jhf ,Uf;Fk;NghJ> kpd;Ndhl;lj;jpd; jpiria eL tpuYk;> Rl;L tpuy; fhe;jg;Gyj;jpd; 
jpiriaAk; Fwpj;jhy;> ngUtpuyhdJ flj;jp ,aq;Fk; jpiriaf; Fwpf;fpwJ.  
 
fzf;fPL 1 
5 A kpd;Ndhl;lk; ghAk; 50 nr.kP ePsKila xU flj;jpahdJ 2 ×10-3 T typikAila fhe;jg; 
Gyj;jpw;F nrq;Fj;jhf itf;fg;gLfpwJ. flj;jp kPJ nray; gLk; tpiriaf; fz;Lgpbf;f.  
jPh;T:  
 flj;jpapy; nray;gLk; tpir  
   F = ILB  
    = 5 × 50 × 10-2× 2 × 10-3 
    = 5 × 10-3 N  
 
fzf;fPL 2  
fhe;jg; Gyj;jpw;F nrq;Fj;jhf itf;fg;gl;l xU Fwpg;gpl;l ePsKila kpd;Ndhl;lk; ghAk; 
flj;jpahdJ xU tYthd tpir F f;F cl;gLfpwJ. kpd;Ndhl;lkhdJ ehd;F klq;fhfTk;> 
ePsk; ghjpahfTk; kw;Wk; fhe;jg;Gyk; %d;W klq;fhfTk; mjpfhpj;jhy; tpir vt;thW 
mikAk;. 
  F = I L B = (41) ×  (L/2)  ×  (3B) = 6 F  
vdNt> tpir MW klq;F mjpfhpf;fpwJ. 
 
kpd;Ndhl;lk; ghAk; ,U ,izahf itf;fg;gl;l flj;jpfSf;F ,ilNaahd tpir:  
 
xU kpd; flj;jpiar; Rw;wp fhe;jg;Gyk; cz;L vd;gjid ehk; Vw;fdNt gbj;jpUf;fpNwhk;. xU 
kpd;flj;jpapd; mUfpy; kw;nwhU kpd; flj;jpia itf;Fk;nghOJ> fhe;jg;Gyj;jpdhy; ,uz;lhk; 
kpd; flj;jpapy; xU tpir nrYj;jg;gLfpwJ. mJNghy ,uz;lhk; kpd;flj;jpiar; Rw;wpAs;s 
fhe;jg;Gyj;jpdhy; Kjy; kpd; flj;jpapy; xU tpir nrYj;jg;gLfpwJ. ,e;j ,U tpirfSk; 
xNu kjpg;gpidf; nfhz;bUe;jhYk; khWgl;l jpirapy; ,Uf;Fk;.  
 
/g;nskpq;fpd; ,lJ if tpjpg;gb> ,uz;L flj;jpfspYk; xNu jpirapy; kpd;Ndhl;lk; 
ghAkhdhy; ,uz;L flj;jpfspd; kPJ nray;gLk; tpirfSk; xd;iwnahd;W Nehf;fpr;  
 
nray;gLk;. mg;gbahdhy; mtw;wpw;fpilNa cUthFk; tpir fth;r;rp tpirahFk;. Mdy;> 
,uz;L flj;jpfspYk; vjpnujph; jpirapy; kpd;Ndhl;lk; ghAkhdhy; ,uz;L flj;jpfspd; kPJ 
nray;gLk; tpirAk; xd;iwnahd;W tpyf;FkhW mikAk;. ,it mjDila nrq;Fj;Jg; 
ghh;it fhl;lg;gl;Ls;sJ.  
 
kpd;Ndhl;lk; kw;Wk; fhe;jtpaYf;fpilNaahd njhlh;G:  
 

18 Mk; E}w;whz;Lf;F Kd;G tiu kf;fs; kpd;dpay; kw;Wk; fhe;jtpay; Mfpait jdpj;jdpg; 
gphpTfs; vd;W epidj;jh;fs;. mah;;];nll; ghpNrhjidf;Fg; gpwF kpd;dpay; kw;Wk; fhe;jtpay; 
xd;Wld; xd;W If;fpakhfp ‘kpd;fhe;jtpay;’ vd;Dk; jdpg; ghlkhf khwpaJ. 
 
xU flj;jpapy; kpd;Ndhl;lk; ghAk;nghOJ> mjidr; Rw;wp fhe;jg;Gyk; cUthfp flj;jpahdJ 
fhe;jk; Nghy; nray;gLfpwJ. Mdhy; kpd;Ndhl;lk; ghahj xU fhe;jf;fy; vt;thW fhe;jkhf 
KbAk; vd ehk; tpaf;fyhk;. ,Ugjhk; E}w;whz;by;jhd; fhe;jf;fy;ypy; cs;s vyf;l;uhd;fspd; 
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,af;fj;jhy; jhd; fhe;jtpay; gz;G cUthfpwJ vd;gij ehk; mwpe;Njhk;. kpd;Rw;wpy; 
kpd;D}l;lkhdJ kpd;fyj;jpd; vjph; KidapypUe;J Neh; Kidf;Fr; nry;tjhy; kpd;Ndhl;lk; 
cUthfpwJ. mjd; tpisthf fhe;jg;Gyk; cUthfpwJ. ,aw;iff; fhe;jq;fs; kw;Wk; ehk; 
filfspy; thq;Fk; nraw;ifahd fhe;jq;fspy; cl;fUitr; Rw;wptUk; vyf;l;uhd;fspd; 
,af;fj;jhy; kpd;Ndhl;lk; J}z;lg;gl;L fhe;jg;gz;Gfs; cUthfpd;wd. ,q;F cl;fUitr; 
Rw;wp xt;nthU $l;bYk; Rw;wptUk; vyf;l;uhd;fSk; jdpj;jdp kpd;Rw;Wfshfr; 
nray;gLfpd;wd. vy;yh nghUl;fspYk; vyf;l;uhd;fs; cl;fUitr; Rw;wp te;jhYk;> fhe;jg; 
nghUl;fs; vd;W miof;fg;gLk; rpy nghUl;fspy; cl;fUitr;Rw;wpAs;s vyf;l;uhd;fspd; 
,af;fk; Nrh;f;fg;gl;L> epiyahd fhe;jg;Gyk; cUthfpwJ. 
 

kpd; Nkhl;lhh;:  
 
kpd; Mw;wiy ,ae;jpu Mw;wyhf khw;Wk; fUtpNa kpd; Nkhl;lhh; MFk;. etPd tho;f;ifapy; 
kpd;rhu Nkhl;lhh;fs; Kf;fpakhdit. mi jz;zPh; gk;g;> kpd;tprpwp> ryi ,ae;jpuk;> 
rhWgpopAk; fUtp> khtiuf;Fk; ,ae;jpuk; Kjypadtw;wpy; gad;gLj;jg;gLfpd;wd. xU 
fhe;jg;Gyj;jpy; itf;fg;gLk; xU flj;jpapy; xU tpirahdJ nray;gl;L mf;flj;jpia 
,aq;fr; nra;fpwJ vd ehk; Vw;fdNt gbj;Njhk;. ,JN kpd; Nkhl;lhhpd; jj;Jtkhf cs;sJ.  

 
xU Nkhl;lhh; vt;thW ,aq;FfpwJ vd;gijg; Ghpe;Jnfhs;tjw;F> xU epiyahd 
fhe;jg;Gyj;jpd; cs;Ns itf;fg;gLk; kpd; RUs; xd;wpd; kPJ jpUg;G tpisT vt;thW 
Vw;gLfpwJ vd;gijg; Ghpe;J nfhs;s Ntz;Lk;.  
 
,y;> xU vspa fk;gpr; RUs; xU fhe;jj;jpd; ,U JUtq;fSf;F eLNt itf;fg;gl;Ls;sJ. 
jw;NghJ fk;gpr; RUspd; AB vDk; gphpitg; ghUq;fs;. kpd;Ndhl;lj;jpd; jpir B I Nehf;fpr; 
nry;fpwJ. Mdhy; flj;jpg; gphpT CD apy; kpd;Ndhl;ljpir vjpuhf ,Uf;Fk;. flj;jpg; gphpT 
AB apYk; CD apYk; kpd;Ndhl;lk; vjpnujph; jpirfspy; nry;tjhy;> gpnskpq;fpd; ,lJ if 
tpjpapd; gb mtw;wpd;  
 
,af;fj;jpirfSk; vjpnujpuhf ,Uf;Fk;. fk;gpr; RUspd; xU KidfspYk; tpirahdJ 
vjpnujph; jpirfspy; ,Ug;gjhy; mit Roy;fpd;wd.  
 
  
kpd;Ndhl;lkhdJ ABCD topahf ,Ue;jhy;> fk;gpr; RUs; Kjypy; fbfhuj; jpirapYk; gpd; 
vjph; jpirapYk; RoYk;. fk;gpr; RUs; xNu jpirapy; mjhtJ fbfhuj;jpirapy; ,aq;f 
Ntz;Lkhdhy; kpd;dhl;lkhdJ> Row;rpapd; Kjy; ghjpapy; ABCD topahfTk; ,uz;lhtJ 
ghjpapy; DCBA topahfTk; gha Ntz;Lk;. kpd;Ndhl;lj;jpd; jpiria khw;w> gpsT tisa 
jpirkhw;wp vDk; xU rpwpa fUtp gad;gLj;jg;gLfpwJ.  
 
gpsT tisaj;jpy; cs;s ,ilntspahdJ Kidak; X kw;Wk; Y cld; ,ize;jpUf;Fk; 
NghJ RUspy; kpd;Ndhl;lk; ,Ug;gjpy;iy. Mdhy;> RUs; efh;tjhy;> mJ njhlh;;e;J 
Kd;Ndhf;fp efh;e;J ,U gpsT tisaq;fspy; VjhtJ xd;W fhh;gd; J}hpiffs; X kw;Wk; Y 
Ald; njhlh;G nfhs;Sk;.,e;j kpd;Ndhl;lj; jpUg;Gjy; xt;nthU miur; Row;rpapYk; epfo;e;J 
fk;gpr;RUspy; njhlh;r;rpahd Row;rpia Vw;gLj;JfpwJ. 
 
RUspd; Row;rp Ntfk; fPo;f;fz;l fhuzpfshy; mjpfhpf;fg;glyhk;.  

1. fk;gpr; RUspYs;s kpd;Ndhl;lj;jpd; typikia mjpfhpj;jy;  
2. fk;gpr; RUspd; vz;zpf;ifia mjpfhpj;jy;  
3. fk;gpr; RUspd; gug;gsit mjpfhpj;jy;  
4. fhe;jg;Gyj;jpd; typikia mjpfhpj;jy;  

 
kpd;fhe;jj; J}z;ly;:  
kpd;Ndhl;lk;l ghAk; fk;gpiar; Rw;wp fhe;jg;Gyk; cUthfpwJ vd mah;];ll;lhy; 
ep&gpf;fg;gl;lNghJ> jiyfPo; tpisTfSk; Kaw;rp nra;ag;gl;ld. 1831 Mk; Mz;by;> 
flj;jpAld; ,ize;j fhe;jg; ghak; khWk; NghJ> flj;jp  topahf xU kpd;dpaf;F tpiria 
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(e.m.f) cw;gj;jp nra;a KbAk; vd;gjid tpsf;fpdhh; ikf;Nfy; /ghuNl. ,jid 
ep&gpg;gjw;fhf mth; gpd;tUk; ghpNrhjidfis elj;jpdhh;.  
 
/ghuNlapd; Nrhjidfs;: 
Nrhjid 1  
 
,e;j Nrhjidapy; ,U fk;gpr;RUs;fs; xU NjdpUk;G tisaj;jpd; kPJ (xd;Wf;nfhd;W 
gphpf;fg;gl;l) Rw;wp itf;fg;gl;Ls;sd. ,lJgf;fj;jpd; RUSld; xU kpd;fyk; kw;Wk; rhtp 
,izf;fg;gl;Ls;sd. tyJGwr; RUSld; xU fhy;tdh kPl;lh; ,izf;fg;gl;Ls;sJ. rhtpia 
,izj;jTld;> fhy;tdhkPl;lhpy; xU tpyfy; Vw;gLfpwJ. mJNghy;> rhtpia mizf;Fk; 
nghOJ> kPz;Lk; xU tpyfy; Vw;gLfpwJ. Mdhy; ,J vjph; jpirapy; epfo;fpwJ. ,jpypUe;J 
kpd;Ndhl;lk; cw;gj;jpahtJ ep&gpf;fg;gLfpwJ.  
Nrhjid 2:  
,e;j Nrhjidapy; fk;gpr;RUSf;F cs;Ns fhe;jj;ij NkYk; fPOk; ,af;Fk;nghOJ 
kpd;Ndhl;lk; (fhe;jj;jpd; ,af;fk; kw;Wk; RUspd; ,af;fj;jhy;) cUthf;fg;gLfpwJ vd;gJ 
ep&gpf;fg;gLfpwJ. mjpf RUs;fs; ,Ue;jhy; mjpf kpd;dOj;jk; cUthf;fg;gLk;. 

 

Nrhjid 3 
,e;j Nrhjidapy; fhe;jk; epiyahf cs;sJ. Mdhy; fk;gpr;RUs; fhe;jg; Gyj;jpd; 
cs;NsAk; ntspNaAk; efh;j;jg; gLfpwJ (fhe;jg; Gy thpfshy; Fwpf;fg;gLfpwJ). ,e;j 
epfo;tpYk; kpd;Ndhl;lk; J}z;lg;gLfpwJ.  
 
,e;j NrhjidfspypUe;J> fhe;jg;ghak; khWk;nghOJ fhe;jg;Gyj;jpy; itf;fg;gl;l kpd;Rw;wpy; 
xU kpd;dpaf;F tpir (emf) cUthFk; vdTk;> me;j kpd;dpaf;F tpirapd; kjpg;G 
fhe;jg;gha khWgl;L tPjj;ijg; nghWj;J mikAk; vdTk; /ghuNl Kb nra;jhh;. ,e;j 
kpd;dpaf;F tpirahdJ J}z;lg;gl;l kpd;dpaf;F tpir MFk;. xU %ba Rw;Wld; 
,izf;fg;gl;l fhe;jg; ghaj;jpy; Vw;gLk; khw;wk; fhuzkhf J}z;lg;gl;l kpd;dpaf;F tpir 
cUthFk; epfo;T kpd;fhe;jj; J}z;ly; vdg;gLk;. 
 
Fwpg;G: J}z;lg;gl;l kpd;Ndhl;lj;jpd; jpir nyd;]pd; tpjpahy; tpsf;fg;gLfpwJ. fk;gpr;RUspy; 
Jz;lg;gl;l kpd;Ndhl;lkhdJ mJ cUthff; fhuzkhapUe;j fhe;jgha khw;wj;ij vjph;f;Fk; 
vd;gNj nyd;]; tpjpahFk;. J}z;lg;gl;l kpd;Ndhl;lj;jpd;  
 
/gpnskpq;fpd; tyf;if tpjp:  
tyJ ifapd; ngUtpuy;> Rl;Ltpuy;> eLtpuy; Mfpatw;iw ePsthf;fpy; xd;Wf;nfhd;W 
nrq;Fj;jhf ePl;Lk;NghJ> Rl;L tpuy; fhe;jg;Gyj;jpd; jpiriaAk;> ngUtpuy; flj;jp ,aq;Fk; 
jpiriaAk; Fwpj;jhy;> eLtpuy; kpd;Ndhl;lj;jpd; jpiriaf; Fwpf;Fk;. /gpnskpq;fpd; tyJ 
if tpjp kpd;dpaw;wp tpjp vd;Wk; miof;fg;gLfpwJ. 
 
kpd;dpaw;wp: 
xU khWjpir kpd;Ndhl;l (AC) kpd;dpaw;wpapy;> xU epiyf; fhe;jj;jpd; ,U JUtq;fSf;F 
,ilapy; mikf;fg;gl;l RoYk; tifapyhd kpd;rl;lk; vdg;gLk; nrt;tf tbt fk;gpr; RUs; 
ABCD itf;fg;gl;Ls;sJ. ,e;j RUspd; ,uz;L KidfSk; ,uz;L eOt tisaq;fshd 
S1kw;Wk; S2 cld; ,izf;fg;gl;Ls;sd. ,e;j eOT tisaq;fspd; cl;Gwk; kpd;fhg;G 
nra;ag;gl;Ls;sJ. flj;Jk; J}hpiffshd B1 kw;Wk; B2 Mfpa ,uz;L J}hpiffs; KiwNa 
S1kw;Wk; S2Mfpaw;iwj; njhLk;gb itf;fg;gl;Ls;sd. S1 kw;Wk; S2,U tisaq;fSk; xU 
cl;gf;f mr;rpd; %yk; ,izf;fg;gl;Ls;sd. mr;rhdJ fhe;jg;Gyj;jpd; cs;Ns cs;s 
fk;gpr;RUis Row;Wk; tifapy; ntspapypUe;J Row;wg;gLfpwJ. ,uz;L J}hpiffspd; ntsp 
Kidfs; ntspg;Gwr; Rw;Wld; ,izf;fg;gl;Ls;sd.  

 
fk;gpr;RUs; Row;wg;gLk; NghJ> RUSld; ,izf;fg;gl;l fhe;jg;ghaKk; khWgLk;. ,e;j 
fhe;jg;gha khw;wk; kpd;Ndhl;lj;ijj; J}z;LfpwJ. /gpnskpq;fpd; tyJ if tpjpg;gb 
J}z;;lg;gl;l kpd;Ndhl;lj;jpd; jpirahdJ> fk;gpr; RUspy; ABCD topahfTk;. ntspg;gGw 
tl;lj;jpy; B2 ypUe;J B1 Nehf;fpAk; gha;fpwJ. Row;rpapd; ,uz;lhtJ ghjpapy;> 
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kpd;Ndhl;lj;jpd; jpirahdJ> fk;gpr; RUspy; DCBA topahfTk; ntspg;Gwr; Rw;Wg;ghijapy; 

B1 ypUe;J B2Nehf;fpAk; gha;fpwJ. RUspd; Row;rp njhlUk; NghJ> ntspg;Gwr; Rw;Wf;fspy; 
J}z;lg;gl;l kpd;Ndl;lk; xt;nthU miu Row;rpapYk; khwpf; nfhz;bUf;Fk;.  
 
Neh; kpd;Ndhl;lj;ijg; (DC) ngw> xU gpsT tisa jpirkhw;wpiag; gad;gLj;j Ntz;Lk;.  
 
,e;j mikg;gpy;> xU J}hpif vg;nghOJk; Nky; Nehf;fpa kpd;rl;lf; ifAlDk;> kw;nwhU 
J}hpif vg;nghOJk; fPo; Nehf;fpa kpd;rl;lf; ifAlDk; njhlh;G nfhz;bUf;Fk;. vdNt 
kpd;Ndhl;lkhdJ xNu jpirapy; cUthf;fg;gLfpwJ. ,jdhy; ,t;tif kpd;dpaw;wp DC 
kpd;dpaw;wp vd;W miof;fg;gLfpwJ.  
 
kpd;khw;wp:  
Fiwe;j kpd;dOj;jj;ij cah; kpd;dOj;jkhfTk; cah; kpd;dOj;jj;ij Fiwe;j 
kpd;dOj;jkhfTk; khw;Wtjw;Fg; gad;gLj;jg;gLk; fUtp kpd;khw;wp vdg;gLfpwJ. ,J 
kpd;fhe;jj; J}z;ly; nfhs;ifapd; mbg;gilapy; nray;gLfpwJ. ,J xd;Wf;nfhd;W 
fhg;gplg;gl;l Kjd;ik kw;Wk; Jizr; RUs;fisf; nfhz;lJ. Kjd;ikr; RUs; topahfg; 
ghAk; khWk; kpd;Ndhl;lkhdJ ,Uk;G tisaj;jpy; fhe;jg;Gyj;ijj; J}z;LfpwJ. ,Uk;G 
tisaj;jpd; fhe;jg; Gyk; Jizr; RUspy; khWfpd;w kpd;dpaf;F tpiriaj; J}z;LfpwJ.  

 
Kjd;ik kw;Wk; Jizr; RUs;fspy; cs;s fk;gpr;RUs;fspd; vz;;zpf;ifiag; nghWj;J> 
kpd;dOj;jj;ij cah;j;jNth my;yJ Fiwf;fNth nra;ayhk;.  
 
Vw;W kpd;khw;wp:  
xU Fiwe;j khWjpir kpd;dOj;jj;ij cah; khWjpir kpd;dOj;jkhf khw;Wtjw;fhfg; 
gad;gLj;jg;gLk; kpd;khw;wp Vw;W kpd;khw;wp vd;W miof;fg;gLfpwJ. mjhtJVs > Vp. xU Vw;W 
kpd;khw;wpapy;> Kjd;ikr; RUspy; cs;s fk;gpr;RUs;fspd; vz;zpf;ifia tpl Jizr; 
RUspy; cs;s fk;gpr;RUs;fspd; vz;zpf;if mjpfkhFk; (Ns> Np)  
 
,wf;F kpd;khw;wp:  
 
xU cah; khWjpir kpd;dOj;jj;ij Fiwe;j khWjpir kpd;dOj;jkhf khw;Wtjw;Fg; 
gad;gLj;jg;gLk; kpd;khw;wp ,wf;F kpd;khw;wp vd;W miof;fg;gLfpwJ. mjhtJVs< VpxU 
,wf;F kpd;khw;wpapy;> Kjd;ikr; RUspy; cs;s fk;gpr;RUs;fspd; vz;zpf;ifiatpl Jizr; 
RUspy; cs;s fk;gpr;RUs;fspd; vz;zpf;if Fiwthf ,Uf;Fk;. (Ns< Np)  
 
xU Vw;W kpd;khw;wp kpd;dOj;jj;ij mjpfhpf;fpwJ. Mdhy; kpd;Ndhl;lj;ijf; Fiwf;fpwJ 
kw;Wk; kWjiyahfTk; mikAk;. mbg;gilapy; ntg;gk;> xyp Nghd;w tbtpy; xU 
kpd;khw;wpapy; Mw;wy; ,og;G Vw;gLk;. 

 
kpd;khw;wpfs; njhlh;ghd #j;jpuq;fs; gpd;tUk; rkd;ghLfspy; nfhLf;fg;gl;Ls;sd.   
 

=
Kjd;ikr; RUspd; kpd; mOj;jk;  Kjd;ikr; RUs; fspd; vz;zpf;if

Jizr; RUs; fspd; vz;zpf;if Jizr; RUspd; kpd; mOj;jk;  

p

1 s

V
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IN
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=
Kjd;ikr; RUspd; kpd; Ndhl; lk; Jizr; RUs; fspd; vz;zpf;if 

Kjd;ikr; RUs; fspd; vz;zpf;if Jizr; RUspd; kpd; Ndhl; lk; 
 

 
Neh;jpir kpd;Ndhl;lk; (DC) %yj;Jld; xU kpd;khw;wpiag; gad;gLj;j ,izf;fg;gl;l fhe;jg; 
Gyf; NfhLfspd; vz;zpf;ifapy; ve;j khw;wKk; Vw;glhJ. vdNt> Jizr; RUspy; 
kpd;dpaf;F tpirahdJ J}z;lg;glhJ.  
 



 

36 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

fzf;fPL 3.  
xU kpd;khw;wpapd; Kjd;ikr; RUspy; 800 Rw;Wfs; cs;sd. Jizr; RUs; 8 Rw;Wfisf; 
nfhz;Ls;sJ. ,J xU 220V AC %yj;Jld; ,izf;fg;gl;Ls;sJ. ntspaPL kpd;dOj;jk; 
vd;dthf ,Uf;Fk;?  
jPh;T:  
 xU kpd;khw;wpapy;  
  Es / Ep = Ns / Np 
  Es = Ns / Np× Ep 
   = 8/800 × 220 = 220 / 100 = 2.2  Nthy;l;  
 
kpd;fhe;j;jpd; gad;fs;:  
kpd;fhe;jtpay;> nghwpapay; gad;ghLfspy; kpfg;nghpa Gul;rpia Vw;gLj;jpAs;sJ. ,J jtpu 
kUj;Jtk;> njhopw;rhiy kw;Wk; thdpaypYk; mJ nghpa khw;wq;fis cUthf;fpAs;sJ. 
 
xyp ngUf;fp:  
xyp ngUf;fpapd; cs;Ns> xU epiyf; fhe;jj;jpd; Kd;  Kd;fhe;jk; itf;fg;gLfpwJ. epiyf; 
fhe;jk; mirahky; ,Uf;FkhWk;> kpd;fhe;jk; ,aq;Fk; tifapYk; itf;fg;gl;Ls;sd. 
kpd;fhe;jr; RUspd; topahf kpd;rhuj;Jbg;Gfs; fle;J nry;Yk; NghJ> mjd; fhe;jg;Gyj; jpir 
Ntfkhf khWfpwJ. ,J epiyf;fhe;jj;jhy; <h;f;fg;gl;Lk; tpyf;fg;gl;Lk; Kd; gpd; efh;tjhy; 
mjph;tilfpwJ vd;gNj ,jd; nghUs;. kpd;fhe;jk; fhfpjk; my;yJ gpsh];bf; Nghd;w 
nefpo;thd nghUl;fshyhd xU $k;Gld; ,izf;fg;gl;Ls;sJ. ,J mjph;Tfis mjpfhpf;fr; 
nra;J ekJ fhJfisr; Rw;wpAs;s fhw;Wf;F xyp miyfis CLUtr; nra;fpwJ.  
 
fhe;jj;J}f;fy; njhlh;tz;b:  
fhe;jj;J}f;fy; Kiwapy; xU nghUshdJ kpd;fhe;jg; Gyj;jpdhy; cah;j;jg;gLfpwJ. 
fhe;jj;J}f;fy; njhlh;tz;bapy ,Utiff; fhe;jq;fs; gad;gLj;jg;gLfpd;wd. xd;W rf;fuj;ij 
tpyf;fp njhlh; tz;bia  jz;lhsj;jpy; ,Ue;J NkNy Jf;FfpwJ. kw;nwhd;W tz;bia 
Kd;Gwk; Ntfkhfj; js;SfpwJ. njhlh;ttz;bahdJ> fhe;jj; jj;Jj;jpd; mbg;gilapy; 
tz;bapd; epiyj; jd;ikiaAk;> Ntfj;ijAk; fl;Lg;gLj;jf;$ba topfhl;bfs; topahf 
efh;fpd;wJ.  
 
kUj;Jtj;Jiw:  
jw;NghJ kpd;fhe;jg; Gyq;fs; Gw;WNeha;f;fhd cly; ntg;g cah;T rpfpr;irfs; kw;Wk; fhe;j 
xj;jjph;T Njhw;WUthf;fy; (MRI) Nghd;w Nkk;gl;l kUj;Jt cgfuzq;fspy; Kf;fpag; gq;F 
tfpf;fpd;wd. kpd;fhe;jj; jj;Jtj;jpd; mbg;gilapy; nray;gLk; gpw cgfuzq;fs; kdpj 
cliyg; gw;wpa jfty;fis vspjpy; ];Nfd; nra;J tpLfpd;wd. 
 
];Nfdh;fs;>x-ray cgfuzq;fs; kw;Wk; gpw kUj;Jt cgfuzq;fs; gyTk; mw;wpd; 
nray;ghl;bw;F kpd;fhe;jtpay nfhs;iffisg; gad;gLj;Jfpd;wd.  
 
epidtpy; nfhs;f:  
 

• xU fk;gp topahf kpd;Ndhl;lk; ghAk; nghOJ mijr;Rw;wp fhe;jg;Gyk; 
cUthf;fg;gLfpwJ. ,e;j tpisT kpd;Ndhl;lj;jpd; fhe;j tpisT vd;W 
miof;fg;gLfpwJ.  
 

• fhe;jj;ijr; Rw;wp mjd; <h;g;G tpir my;yJ tpyf;F tpir fhzg;gLk; ,lk; 
fhe;jg;Gyk; vd;W miof;fg;gLfpwJ.  
 

• fhe;jj;ijr; Rw;wp cs;s Gyj;jpYs;s tise;j NfhLfs; fhe;jg; Gyf;NfhLfs; 
vdg;gLfpd;wd. 
 

• kpd;flj;jpahy; cUthf;fg;gLk; fhe;jg; GykhdJ kpd;Ndhl;lj;jpd; jpirf;Fr; 
nrq;Fj;Jj; jpirapNyNa mikAk;.  
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• xNu jpirapy; kpd;Ndhl;lj;ijf; flj;Jk; ,uz;L flj;jpfs; xd;iwnahd;W <h;f;Fk;.  

 
• vjpnujph; jpirapy; kpd;Ndhl;lj;ijf; flj;Jk; ,uz;L flj;jpfs; xd;iwnahd;W 

tpyf;Fk;.  
 

• kpd;Ndhl;lk; ghAk; flj;jpapy; cUthFk; tpirahdJ /gpnskpq;fpd; tyf;if tpjpahy; 
mwpag;gLfpwJ.  
 

• kpd;Nkhl;lhh; vd;gJ kpd;dhw;wiy ,af;f Mw;wyhf khw;Wk; xU fUtpahFk;.  
• fhe;jg;Gyj;jpy; Vw;gLk; khw;wk; fhuzkhf xU %ba kpd; Rw;wpy; J}z;lg;gl;l 

kpd;Ndhl;lj;ij cUthf;Fk; epfo;T kpd;fhe;jj; J}z;ly; vd mwpag;gLfpwJ.  
 

• J}z;lg;gl;l kpd;Ndhl;lj;jpd; jpiria /g;nskpq;fpd; tyJ if tpjp %yk; 
fz;lwpayhk;.  
 

• kpd;dpaw;wp vd;gJ ,af;f Mw;wiy kpd;dhw;wyhf khw;Wk; xU fUtpahFk;.  
 

• kpd;dpaw;wpahdJ kpd;fhe;jj;J}z;ly; jj;Jtj;jpd; mbg;gilapy; ,aq;FfpwJ.  
 

• kpd;khw;wp kpd;jpwid xU kpd;Rw;wpypUe;J kw;nwhU kpd;Rw;wpw;F khw;WfpwJ.  
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9thmwptpay; 
myF – 6 

xsp 
mwpKfk;:  
 
xsp vd;gJ Mw;wypd; xU tbtk;. mJ kpd;fhe;j miy tbtj;jpy; guTfpd;wJ. xspapd; 
gz;GfisAk; mjd; gad;ghLfisAk; gw;wp MuhAk; ,aw;gpaypd; xU gphpT xspapay; vd;W 
miof;fg;gLfpwJ. md;whl tho;tpy; ehk; gy xspapay; fUtpfisg; gad;gLj;JfpNwhk;. 
mwptpay; Ma;tfq;fspy; Ez;Nzhf;fpfspd; Njit jtph;f;f Kbahjjhf ,Uf;fpwJ. fy;tp> 
mwptpay;> nghOJNghf;F Mfpa jsq;fspy; njhiyNehf;fpfs;> ,Ufz; Nehf;fpfs; 
(binoculars) Gifg;glf; fUtpfs;> gltPo;j;jpfs; cs;spl;l fUtpfs; gad;gLj;jg;gLfpd;wd.  
 
,e;jg; ghlj;jpy; rkjs Mbfisg; gw;wpAk; Nfhsf Mbfisg; gw;wpAk; (Fopahb> Ftpahb) 
ehk; mwpe;J nfhs;Nthk;. NkYk; xspapd; rpy gz;Gfshd vjpnuhspg;G> xsp tpyfy; Mfpait 
gw;wpAk; mtw;wpd; gad;fisg; gw;wpAk; mwpNthk;.  
 
xsp vjpnuhspg;G:  
 
Mb Nghd;w ve;jnthU gsgsg;ghd gug;gpy; gl;lhYk; xspahdJ vjpnuhspf;fg;gLfpwJ. 
,j;jifa vjpnuhspg;G rpy tpjpfSf;F cl;gl;L eilngWfpwJ vd;gij ePq;fs; fPo; 
tFg;Gfspy; gbj;jpUg;gPh;fs;. mtw;iwg; gw;wp ,q;F thpthff; fhz;Nghk;.  
 
vjpnuhspg;G tpjpfs;:  
 
MM vd;w rkjs Mbiaf; fUJNthk;. AO vd;gJ O vd;w Gs;spapy; me;j Mbapd; Nky; 
gLk; fjph;. ,JNt (AO) gLfjph; vdg;gLk;. Mb ,f;fjpiu OB vd;w jpirapy; 
vjpnuhspf;fpwJ. OB vd;gJ vjpnuhspg;Gf; fjph; MFk;. rkjs Mb MM’ -f;F nrq;Fj;jhf 
Gs;sp O-tpy; ON vd;w Nfhl;il tiuf. ON vd;gJ Fj;Jf;NfhL vdg;gLk;.  
 

 
Fj;Jf;Nfhl;Lld; gLfjph; Vw;gLj;Jk; Nfhzk; (I = AON) gLNfhzk; vdg;gLk;. 
Fj;Jf;Nfhl;Lld; vjpnuhspg;Gf; fjph; Vw;gLj;Jk; Nfhzk; (i – NOB) vjpnuhspg;Gf; Nfhzk; 
vdg;gLk;. gLNfhzKk; vjpnuhspg;Gf; NfhzKk; rkk;. mjhtJ> i –  r vd;gij glj;jpypUe;J 
mwpayhk;. NkYk;> gLfjph;> vjpnuhspg;Gf; fjph; kw;Wk; Fj;Jf;NfhL Mfpa ,k;%d;Wk; xNu 
jsj;jpy; mikfpd;wd. ,tw;iwNa vjpnuhspg;G tpjpfs; vd;gh;. vjpnuhspg;G tpjpfs; fPNo 
nfhLf;fg;gl;Ls;sd.  
 

• gLfjph;. vjpnuhspg;Gf; fjph; kw;Wk; gLGs;spf;F tiuag;gLk; Fj;Jf;NfhL Mfpa 
,k;%d;Wk; xNu jsj;jpy; mikAk;.  
 

• gLNfhzKk; vjpnuhspg;Gf; NfhzKk; rkk;.  
 
mtru fhy Ch;jpfspd; Kd;Gwk; MBULANCE vd;Dk; thh;j;ij tykpUe;J ,lkhf 
nghpa vjpnuhypj;j vOj;Jf;fspy; vOjg; gl;bUf;Fk;.  

 
,lty khw;wk; (Lateral Inversion):  
 
jiyfPo; khw;wk; gw;wp Nfs;tpg;gl;L ,Ug;gPh;fs;. Mdhy;> ,lty khw;wk; vd;why; vd;d? 
,ltyj;ijf; Fwpg;gpLk; Lateral vd;w thh;j;ijahdJ gf;fk; vd;W nghUs;gLk; Latus vd;w 
,yj;jPd; nkhopr; nrhy;ypUe;J ngwg;gl;lJ. gf;fthl;by; Vw;gLk; khw;wk; ,lty khw;wk; 
vdg;gLk;. ,J xU rkjs Mbapy; Vw;gLtJNghy; Njhd;Wk; ,lty khw;wNk.  
 
,lty khw;wj;ij Vw;gLj;Jk; rkjs Mbfs; Vd; jiyfPo; khw;wj;ij Vw;gLj;Jtjpy;iy? 
,jw;fhd gjpy; Mr;rhpakspg;gjhfj; Njhd;Wk;. cz;ikapy; Mbfs; ,lty khw;wj;ijNah 
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jiyfPo; khw;wj;ijNah cUthf;FtJ ,y;iy. mit gpd;Ndhf;fpa (cs;spUe;J ntspNa) 
khw;wj;ijNa Vw;gLj;Jfpd;wd.  
 
mjpy; nghUspd; jiyg; gFjpapypUe;J ntspNaWk; fjph; (mk;Gf;Fwp) Mbapd; Nky; 
ghfj;jpYk;> nghUspd; ghjj;jpypUe;J ntspNaWk; fjph; Mbapd; fPo; ghfj;jpYk; tpOfpd;wd.  
 
mNj Nghy;> nghUspd; ,lJ ifapypUe;J ntspNaWk; mk;Gf;Fwp (fjph;)> Mbapd; ,lJ 
gf;fj;jpYk; tyJ ifapypUe;J ntspNaWk; fjph; Mbapd; tyJ gf;fj;jpYk; tpOfpd;wd. 
,q;F ve;j khw;wKk; (,lty khw;wNkh> jiyfPo; khw;wNkh) ,y;iy. vdNt> ,J xU 
xspapay; khaj;Njhw;wNk MFk;. ehk; fhZk; ,lty khw;wk; cz;ikapy; Mbahy; Vw;gl;lJ 
my;y. mJ ek; GyZzh;tpdhy; (Perception) Vw;gLk; xU epfo;T jhd;.  
 
nka; gpk;gKk; kha gpk;gKk;:  
 
nghUspypUe;J ntspNaWk; fjph;fs;> vjpnuhspg;Gf;Fg; gpd; cz;ikahfNt re;jpj;jhy;> 
mjdhy; cUthFk; gpk;gk; nka; gpk;gk; vdg;gLk;. NkYk;> mJ vg;NghJk; jiyfPohfNt 
,Uf;Fk;. nka; gpk;gj;ijj; jpiuapy; tPo;j;j KbAk;.  
 
nghUspypUe;J ntspNaWk; fjph;fs;> vjpnuhspg;Gf;Fg; gpd; xd;iwnahd;W re;jpf;fhky;> 
gpd;Ndhf;fp ePl;lg;gLk; NghJ re;jpj;jhy;> mjdhy; cUthFk; gpk;gk; kha gpk;gk; vdg;gLk;. 
kha gpk;gk; vg;NghJNk Neuhd gpk;gkhfNt ,Uf;Fk;. NkYk; mijj; jpiuapy; tPo;j;j 
KbahJ.  
 
tisT Mbfs;:  
 
vjpnuhspg;G tpjpfisg; gw;wp ehk; gbj;Njhk;. mit tise;j gug;Gfs; cs;spl;l midj;J 
vjpnuhspf;Fk; gug;GfSf;Fk; nghUe;Jk;. gutisa Mbfs; (Parabolic mirrors), Nfhsf 
Mbfs; cs;spl;l tisT Mbfs; gw;wp Vw;fdNt Kd; tFg;Gfspy; ePq;fs; gbj;jpUg;gPh;fs;. 
nghJthf gad;gLj;jg;gLk; tisT Mb Nfhsf Mb MFk;. gsgsg;ghd fuz;b xd;wpd; 
tise;j gug;G $l tisT MbNa. 
 
Nfhsf Mbfs;:  
 
tisT Mbfspy; vjpnuhspf;Fk; gug;G Nfhsj;jpd; xU gFjpahf ,Uf;Fk;. ,t;thW> 
vjpnuhspf;Fk; gFjpahdJ Nfhsf tbtpy; cs;s Mbfs; Nfhsf Mbfs; vdg;gLk;.  
 
rpy Nfhsf Mbfspy; vjpnuhspf;Fk; gFjp cs; gf;fkhf tise;jpUf;Fk;. mjhtJ> 
Nfhsj;jpd; ikaj;ij Nehf;fp mg;gFjp ghh;j;Js;sgb ,Uf;Fk;. ,it Fopahbfs; vdg;gLk;. 
rpy tif Nfhsf Mbfspy; vjpnuhspf;Fk; gFjp ntspg;gf;fkhf tise;jpUf;Fk;. ,it 
Ftpahbfs; vdg;gLk;.  
 
tisT Mbfshy; Vw;gLK; gpk;gq;fs;:  
 
xU Fopahbiaf; nfhz;L ,izahfr; nry;Yk; #hpaf; fjph;fis xU Gs;spapy; Ftpf;f 
,aYk; vd;gij ehk; mwpNthk;. ,g;NghJ Fopahbapd; Kd;Nd Xh; xspNaw;wg;gl;l 
nkOFth;j;jpiaAk; jpiuiaAk; itf;fTk;. jpiuapd; epiyia rhpnra;J jpiuapy; gpk;gj;ijg; 
gpbf;fTk;. jpiuia Kd;Dk; gpd;Dk; efh;j;jp gpk;gj;jpd; msitAk; tbtj;ijAk; Fwpf;fTk;. 
gpk;gk; jiyfPohfTk; rpwpajhfTk; cs;sijf; fhzyhk;.  
 
,g;NghJ> Mbia Nehf;fp nkOFth;j;jpia nkJthf efh;j;jTk;. vd;d fhz;fpwPh;fs;? Mbia 
Nehf;fp nghUs; (nkOFth;j;jp) neUq;fp tu tu gpk;gj;jpd; msT nghpjhfpd;wJ my;yth? 
Mbapd; kpf mUNf nghUis itj;J gpk;gj;ij jpiuapy; gpbf;f Kaw;rp nra;aTk;.  
 
,g;NghJ gpk;gj;ij jpiuapy; fhz Kbfpwjh? Mbapd; cs;s ghh;f;fTk;. vd;d njhpfpwJ? 
nghpjhf;fg;gl;l Neuhd gpk;gk; MbapDs; njhpfpd;wJ. nghUspd; rpy Fwpg;gpl;l epiyfspy; 
kl;LNk gpk;gk; jpiuapy; njhpfpd;wJ. kw;w epiyfspy; jpiuapy; gpk;gk; njhptjpy;iy. rkjs 
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Mbapd; jd;ikia tpl Fopahbapd; jd;ik rpf;fyhdJ vd;gij ehk; njspthf Ghpe;J 
nfhs;syhk;.  
 
vdpDk; tiugl Kiwiaf; nfhz;L gpk;gj;jpd; jd;ikia vspjhfg; Ghpe;J nfhs;syhk;. 
rkjs Mbapdhy; Vw;gLk; gpk;gj;jpd; jd;ikia mwpa ehk; ,uz;L fjph;fisg; 
gad;gLj;jpNdhk; my;yth? mNjNghy;> Fopahbapdhy; cUthFk; gpk;gq;fspd; jd;ikia wpa 
ehd;F tiuaWf;fg;gl;l tpjpfisg; gad;gLj;j Ntz;Lk;.  
 
Nfhsf Mbfspy; Njhd;Wk; gpk;gq;fis tiuaj; Njitahd tpjpfs;:  
nghUspd; xt;nthU Gs;spapypUe;Jk; vz;zw;w fjph;fs; midj;Jj; jpirfspYk; nry;fpd;wd. 
Ftpahbapy; Njhd;Wk; gpk;gj;jpd; epiy kw;Wk; jd;ikiaf; Fwpg;gpl fPo;f;fz;l tpjpfisg; 
gpd;gw;w Ntz;Lk;.  
 
tpjp 1: Mbapd; tisT ikak; topahfr; nry;Yk; xspf;fjph;> vjpnuhspf;fg;gl;l gpd;G> mNj 
ghijapy; jpUk;gpr; nry;Yk;.  
 
tpjp 2 : Kjd;ik mr;Rf;F ,izahfr; nry;Yk; xspf;fjph;> vjpnuhspf;fg;gl;l gpd;G> Kf;fpaf; 
Ftpak; topahfr;nry;Yk; my;yJ Kf;fpa Ftpaj;jpypUe;J (Fop Mbfspy;) tUtJ Nghy; 
Njhd;Wk;.  

 
 
tpjp 3 : Kf;fpaf; Ftpak; topahfr; nry;Yk; xspf;fjph; vjpnuhypj;jgpd; Kjd;ik mr;Rf;F 
,izahfr; nry;Yk;.  

 
 
tpjp 4 : Mb ikaj;jpy; (P) gLk; AP vd;w xspf;fjph; gLNfhzj;jpw;Fr; rkkhd Nfhzj;jpy; 
PB vd;w jpirapy; vjpnuhspf;fg;gLk;.  

 
Fop Mb:  
gpk;gk; cUthjy;:  
 
,g;NghJ ehk; Fopahb xd;wpd; Kjd;ik mr;rpy; ntt;NtW ,lq;fspy; itf;fg;gLk; rpwpa 
Neuhd nghUs; xd;wpdhy; Vw;gLk; gpk;gj;jpd; epiy (,lk;)> msT kw;Wk; jd;ik Mfpatw;iw 
vt;thW tiutW vd;gijf; fhz;Nghk;.  
 
tif 1: <hpyhj; njhiytpy; nghUs; itf;fg;gLk; NghJ nghUspypUe;J Fopahbia 
te;jilAk; xspf;fjph;fs; ,izahditahf ,Uf;Fk;.  
 
gpk;gj;jpd; epiy / ,lk;: gpk;gk; Kf;fpaf; Ftpaj;jpy; (F) cUthfpwJ.  
 
gpk;gj;jpd; jd;ik: jiyfPohd> kpfTk; rpwpjhd nka; gpk;gk;. 
 
tif 2 : tisT ikaj;jpw;F mg;ghy; nghUs; itf;fg;gLk; NghJ  
 
gpk;gj;jpd; epiy / ,lk;: Kf;fpaf; Ftpak; F-f;Fk; tisT ikak; C– f;Fk; ,ilapy;  
 
gpk;gj;jpd; jd;ik: nghUis tplr; rpwpajhd> jiyfPohd nka; gpk;gk;.  
 
tif 3 : tisT ikaj;jpy; nghUs; itf;fg;gLk; NghJ  
 
gpk;gj;jpd; epiy / ,lk; C -y; fpilf;Fk;  
 
gpk;gj;jpd;  jd;ik: nghUisg; Nghd;W mNj msTs;s> jiyfPohd nka; gpk;gk;.  
tif 4 : tisT ikak; C– f;Fk; Kf;fpaf; Ftpak; F– f;Fk; ,ilNa nghUs; itf;fg;gLk; 
NghJ  
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gpk;gj;jpd; epiy / ,lk; : C– f;F mg;ghy;.  
gpk;gj;jpd; jd;ik: nghpjhf;fg;gl;l jiyfPohd nka; gpk;gk;  
 
tif 5: Kf;fpaf; Ftpak; F - ,y; nghUs; itf;fg;gLk; NghJ  
 
gpk;gj;jpd; epiy / ,lk;: fUj;jpay; gb> gpk;gk; <hpyhj; njhiytpy; fpilf;Fk;.  
 
gpk;gj;jpd; jd;ik: jpiuapy; ve;j gpk;gKk; njhpahJ. NkYk; kha gpk;gKk; njhpahJ. 
 
tif 6 : Kf;fpaf; Ftpak; F– f;Fk; Mbikak; P- f;Fk; ,ilapy; nghUs; itf;fg;gLk; 
NghJ.  
 
gpk;gj;jpd; epiy / ,lk; : Mbf;Fg; gpd;Gwk;.  
 
gpk;gj;jpd; jd;ik: nghpjhf;fg;gl;l> Neuhd kha gpk;gk;   
 
 
njhiyTfisf; Fwpf;fg; gad;gLj;jg;gLk; FwpaPl;L kuGfs;:  
 
fjph; tiuglq;fspd; J}uj;ijf; fzf;fpLtjw;F fhh;Brpad; FwpaPl;L kuGfs; vd;w FwpaPl;L 
Kiwia ehk; gad;gLj;JfpNwhk;. ,k;Kiwg;gb Mbapd; ikak; (P) Mjpg; Gs;spahfTk; 
Kjd;ik mr;R X– mr;rhfTk; vLj;Jf;nfhs;sg;gLfpwJ.  
 
FwpaPl;L kuGfs; gpd;tUkhW:  

• nghUs; vg;NghJk; Mbf;F ,lJ GwNk itf;fg;gLfpwJ.  
 

• midj;Jj; njhiyTfSk; Mb ikaj;jpypUe;Nj (P) mstplg;gLfpd;wd.  
 
• gL fjphpd; jpirapy; cs;s njhiyTfs; Neh;f;FwpahfTk; (+), mjw;F vjph;j;jpirapy; 

msf;fg;gLk; njhiyTfs; vjph;f;FwpahfTk; (-) vLj;Jf; nfhs;sg;gLfpd;wd.  
 

• Kjd;ik mr;Rf;F nrq;Fj;jhfTk; mjw;F Nky;Nehf;fpAk; cs;s njhiyTfs; 
Neh;f;Fwpahff; (+) fUjg;gLfpd;wd.  
 

• Kjd;ik mr;Rf;F nrq;Fj;jhfTk; mjw;F fPo;Nehf;fpAk; cs;s njhiyTfs; 
vjph;f;Fwpahff; (-) fUjg;gLk;.  

 
Mbr; rkd;ghL:  
nghUspd; njhiyT (u), gpk;gj;jpd; njhiyT (v) Ftpa njhiyT (f) Mfpatw;wpw;F 
,ilNaahd njhlh;G Mbr; rkd;ghL vdg;gLk;.  
 
Nehpay; cUg;ngUf;fk; (m) 
nghUspd; msit tpl gpk;gj;jpd; msT vt;sT klq;F nghpajhf cs;sJ vd;gij Nfhsf 
Mbapd; cUg;ngUf;fk; Fwpf;fpwJ. gpk;gj;jpd; mstpw;Fk; (hi), nghUspd; mstpw;Fk; (ho), 

,ilNaahd jfL cUg;ngUf;fk; vd tiuaWf;fg;gLfpwJ. mjhtJ i

o

h
m

h
= gpk;gj;jpd; 

njhiyT kw;Wk; nghUspd; njhiyitf; nfhz;Lk; cUg;ngUf;fj;ijf; fzf;fplyhk;.  

   
v

m
u

= −  
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,t;tpuz;L rkd;ghLfisAk; ,izj;J> 

  i

o

h v
m

h u
 = = −  

Fwpg;G: cUg;ngUf;fj;jpd; kjpg;gpy; vjph;f;Fwp (-ve) gpk;gk; nka; gpk;gk; vd;gijAk;> Neh;f;Fwp 
(+ve), gpk;gk; kha gpk;gk; vd;gijAk; fhl;LfpwJ.  
 
fzf;fPL 1  
20 nr.kP Ftpa njhiyT nfhz;l Fopahb xd;wpypUe;J 15 nr.kP 
njhiytpy; itf;fg;gl;Ls;s 1 nr.kP cauk; nfhz;l xU nghUspd; 
gpk;gj;jpd; msT> jd;ik kw;Wk; ,lk; Mfpatw;iwf; fz;Lgpbf;fTk;.  
jPh;T:  
nghUspd; njhiyT>u = -15 nr.kP  
gpk;gj;jpd; njhiyT v = ?  
Ftpaj; njhiyT>f = - 10 nr.kP  
Mbr; rkd;ghl;ilg; gad;gLj;jp  
1 1 1

v u f
+ =  

1 1 1

15 10v
+ =
− −

 

1 1 1

15 10v

−
+ =  

1 1 1 3 2 1

10 15 30 30v

− − + −
= + = =  

gpk;gj;jpd; njhiyT v = 30 nr.kP  
(,q;F vjph;f;Fwp te;Js;sJ. vdNt> gpk;gk; Mbf;F ,lJ gf;fj;jpy; 
cs;sJ)  
Mbf;F 30 nr.kP Kd;Nd gpk;gk; cUthfpwJ. Mbf;F Kd; gpk;gk; 
Vw;gLtjhy;> mJ jiyfPohd nka; gpk;gk; MFk;.  
gpk;gj;jpd; msitf;fhd cUg;ngUf;fj;ijf; fzf;fpl Ntz;Lk;.  

m = 
(30)

2
( 15)

v

u

− −
= =−
−

 

m = h2 / h1vd;gij ehk; mwpNthk; 
,q;F nghUspd; cauk; h1 = 1nr.kP  
-2  = h2/1  
h2 = -2 × 1 = -2 cm  
vdNt> gpk;gj;jpd; cauk; = 2 nr.kP  
(,q;F vjph;f;Fwp te;Js;sJ. vdNt> gpk;gk; Kjd;ik mr;Rf;Ff; fPNo 
Vw;gLfpwJ)  
 
fzf;fPL 2:  
FopahbapypUe;J 16 nr.kP njhiytpy; itf;fg;gLk; 2 nr.kP cauk; nfhz;l nghUs; 
xd;wpd; nka; gpk;gk; 3 nr.kP cauk; cs;sjhf ,Ue;jhy; gpk;gk; cUthFk; ,lj;ijf; 
fhz;f.  
jPh;T:  
nghUspd; cauk; h1 = 2 nr.kP  
gpk;gj;jpd; cauk; h2 = -3 nr.kP  

cUg;ngUf;fk; 2

1

3
15

2

h
m

h

−
= = = −  
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Mdhy;>
v

m
u

−
=  

,q;F nghUspd; njhiyT u = -16 nr.kP  
kjpg;Gfisg; gpujpapl> 

  -1.5 = 
( 16)

v
−
−

 

  -1.5 = 
16

v
  

  v = 16 × (-1.5) = -24 cm  
gpk;gk; Mbf;F ,lJ gf;fj;jpy; 24 nr.kP njhiytpy; ,Uf;Fk;. (vjph;f;Fwp> gpk;gk; 
Mbf;F ,lJ gf;fj;jpy; cs;sJ vd;gijf; Fwpf;fpwJ)  
 

 
Fopahbapd; gad;fs;:  
kUj;Jth; gad;gLj;Jk; Mb: gy; kUj;Jth; / fhJ> %f;F> njhz;il kUj;Jthpd; jiyapy; 
xU gl;il fl;lg;gl;L mjpy; xU tl;l tbt MB ,Ug;gijg; ghh;j;jpUg;gPh;fs;. xsp 
%yj;jpypUe;J tUk; ,izf;fjph;fs; me;j Mbapd; kPJ gLk;gb itf;fg;gLk;. me;j Mb ek; 
clypy; fhzg;gLk; rpW gFjpapd; (gy;> njhz;il) kPJ me;j xspiaf; Ftpj;J xspA+l;Lk;. 
 
xg;gid Mb: Kfj;jUNf Fopahb itf;fg;gLk; NghJ (mjhtJ> Mb ikaj;jpw;Fk; Kf;fpaf; 
Ftpaj;jpw;Fk; ,ilNa)> Neuhd> nghpjhf;fg;gl;l gpk;gk; fpilf;Fk; vd;gij ehk; mwpNthk;. 
,jpy;> ek; Kfk; nghpjhfj; njhpAk;.  
 
gpw gad;ghLfs;: if kpd;tpsf;F> thfdq;fspd; Kfg;G tpsf;F kw;Wk; NjLk; tpsf;F 
Mfpatw;wpy; gad;gLfpwJ.  
 
Fopahbfs; Mw;wy; tha;e;j xspiag; gha;r;r cjTfpd;wd. Fopahb vjpnuhspg;ghd;fs; miw 
#Nlw;wpapYk;> nghpa Fopahbfs; #hpa #Nlw;wpapYk; gad;gLfpd;wd?  
 
thdpy; cs;s nghUs;fs; <hpyhj; njhiytpy; cs;sd. vdNt> Fopahb Vw;gLj;Jk; 
gpk;gk; jiyfPohfTk; rpwpajhfTk; ,Uf;Fk;. ,Ug;gpDk;> Vd; thdpay; 
njhiyNehf;fpfspy; Fopahbfs; gad;gLj;jg;gLfpd;wd?  
 
Ftp Mb:  
Ftpahbahy; Vw;gLk; gpk;gk;:  
fPNo jug;gl;Ls;s VNjDk; ,U fjph;fisf; nfhz;L Ftpahbahy; Vw;gLk; gpk;gj;ij 
tiuayhk;.  
 
Kjy;fjph;: Kjd;ik mr;Rf;F ,izahd fjph; (tpjp 1). ,uz;lhk; fjph;: tisT ikaj;ij 
Nehf;fpr; nry;Yk; fjph; (tpjp 2).  
 
 
Fwpg;G: Ftp Mbf;Fg; gpd; GwKs;s fjph;fs; midj;Jk; Gs;spf;Nfhl;bdhy; Fwpf;fg;gLk;.  
 
Kjd;ik mr;Rf;F ,izahd OA vd;w fjph; AD jpirapy; vjpnuhspf;fg;gLfpwJ. fjph; OB 
kPz;Lk; mNj ghijapy; jpUk;GfpwJ. ,t;tpU fjph;fSk; tphpe;J nry;fpd;wd. Mdhy;> gpd;Gwk; 
ePl;lg;gLk; NghJ mit Gs;sp I-,y; ntl;bf;nfhs;tJ Nghy; njhpfpd;wJ. vdNt>II vd;gJ 
OO’ d; gpk;gk; MFk;. mJ Neuhd> nghUis tplr; rpwpajhfTs;s kha gpk;gk; MFk;.  
 
Ftpahbapd; gad;fs;:  
Ftpahbfs; thfdq;fspd; gpd;Ndhf;Ff; fz;zhbahf gad;gLfpd;wd. mit nghUis tplr; 
rpwpajhd> Neuhd> kha gpk;gj;ijNa vg;NghJk; cUthf;Ffpd;wd. gpd;Nd tUk; thfdq;fs; 
mUfpy; neUq;fp tUk;NghJ> gpk;gj;jpd; msTk; mjpfhpf;fpd;wJ. Mbia tpl;L thfdq;fs; 
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tpyFk; NghJ gpk;gk; rpwpajhfpd;wJ. NkYk;> rkjs Mbapd; ghh;itg;Gyj;ij tpl 
Ftpahbapd; ghh;itg;Gyk; nghpaJ. (ghh;itg;Gyk; - fz; / Mb Nghd;wnjhU xspapay; 
fUtpapd; %yk; ek; ghh;itapy; Gyg;gLk; gug;G) Nghf;Ftuj;Jg; ghJfhg;Gf; fUtpahf 
rhiyfspy; Ftpahbfs; nghUj;jg;gl;Ls;sij ehk; mwpNthk;. kiyg;ghijfspy; fhzg;gLk; 
FWfpa rhiyfspd; $h;e;j tisTfspy; Kd;Nd tUk; thfdq;fisf; fhz ,ayhj 
,lq;fspy; ,it gad;gLj;jg;gLfpd;wd. mq;fhbfspy; Mspy;yhg; gFjpfisf; fz;fhzpf;fTk; 
,it gad;gLfpd;wd.  
 
thfdq;fspd; gpd;Ndhf;Ff; fz;zhbfspy; vOjg;gl;Ls;s gpd;tUk; nrhw;nwhliuf; 
fz;lJz;lh?  
“Objects in the mirror are closer than they appear” (Mbapy; gpk;gk; Njhd;Wk; 
njhiyit tpl nghUs;fs; kpf mUfpy; cs;sd) Vd;?  
 
fzf;fPL 3  
20 nr.kP Ftpa njhiyT nfhz;l Ftpahb xd;W kfpOe;J (car) xd;wpy; 
nghUj;jg;gl;L cs;sJ. mjpypUe;J 6 kP njhiytpy; ,d;ndhU kfpOe;J cs;sJ 
vdpy;> 

1. Kjy; kfpOe;jpd; MbapypUe;J ghh;f;Fk; NghJ ,uz;lhtJ kfpOe;J (mjd; 
njhiyT) vq;F ,Uf;Fk;?  

2. ,uz;lhtJ kfpOe;J 2 kP myfKk; 1.6 kP cauKk; nfhz;lJ vdpy;> mjd; 
gpk;gj;jpd; msT vd;d?  
Ftpaj; njhiyT>f = 20 nr.kP (Ftpahb)  
nghUspd; njhiyT u = -6 kP = - 600 nr.kP  
gpk;gj;jpd; njhiyT v = ? 
jPh;T:  
1. gpk;gj;jpd; ,lj;ij Mbr; rkd;ghl;ilf; nfhz;L mwpjy;.  

1 1 1

f u v
= +  

1 1 1

20 600 v
= +
−

 

1 1 1 1 1 30 1 31

20 600 20 600 600 600v

+
= − = + = =

−
 

600
19.35

31
v cm= =  

 
2. gpk;gj;jpd; msT 

600 1 1

( ) 31 600 31

v v
m

u u

−
= =− =−  =

−
 

gpk;gj;jpd; mfyk; 
1

31
=   200 nr.kP = 6.45 nr.kP  

gpk;gj;jpd; cauk; 
1

31
=  160 nr.kP = 5.16 nr.kP   

 
xspapd; jpirNtfk;; 
17-Mk; E}w;whz;bd; njhlf;fj;jpy; fypypNah fypyp (1564 – 1642) vd;w ,j;jhypa 
mwptpaywpQh; xspapd; Ntfj;ijf; fzf;fpl Kad;whh;.  
 
xNy Nuhkh; vd;w Nldpa thdpayhsh; (astronomer) 1665-,y; tpahod; Nfhspd; gd;dpuz;L 
epyTfspy; xd;iw mtjhdpj;J mjd; %yk; xspapd; jpirNtfj;ijj; Njhuhakhff; 
fzf;fpl;lhh;. ,jd; %yk; mtuJ fzf;fPl;bd; gb xspapd; Ntfk; fpl;lj;jl;l 2>20>000 fp.kP / 
tp vd mwpag;gl;lJ.  
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1849-,y; Kjd; Kjyhf mh;kz;l; /gpN~ vd;gtuhy; G+kpapy; (epyj;jpy;) ,jd; Ntfk; 
fzf;fplg;gl;lJ. ,d;W ntw;wplj;jpy; xspapd; Ntfk; Vwf;Fiwa kpfr;rhpahf 3>00>000 fp.kP / 
tp vdf; fzf;fplg;gl;Ls;sJ.  
 
rpy caphpdq;fs; ,ay;ghfNt jq;fSf;Fs; xspUk; jd;ikiag; ngw;Ws;sd vd;gJ 
cq;fSf;Fj; njhpAkh? ,e;jg; gz;gpw;F caphp xsph;jy; vd;W ngah;. flypd; mb 
Moj;jpy; xsp Fiwe;j gFjpapy; thof;$ba rpy tifahd GOf;fs;> kPd;> uhl;rj 
rpg;gp kPd;> el;rj;jpu kPd; Nghd;w caphpdq;fs; kw;w caphpdq;fsplkpUe;J jq;fisj; 
jw;fhj;Jf; nfhs;s ,j;jifa kpd;Dfpd;w my;yJ xspUk; gz;igg; ngw;Ws;d.  
 
xsptpyfy;:  
 
Nkw;Fwpg;gpl;l nray;ghL xsptpyfypdhy; Vw;gLk; epfo;T MFk;. XH; Clfj;jpypUe;J kw;Nwhh; 
Clfj;jpw;F xsp rha;thfr; nry;Yk; NghJ mjd; ghijapy; tpyfy; Vw;gLfpwJ. ,JNt 
xsptpyfy; vdg;gLfpwJ. xspGFk; Xh; Clfj;jpypUe;J khWgl;l mlh;j;jpAila kw;nwhU 
xspGFk; Clfj;jpw;F xsp nry;Yk; NghJ> mjd; ghijapy; khWghL Vw;gLfpwJ. 
,t;tpyfYf;F (ghijapd; jpirapy; khWghL) xspapd; jpirNtfj;jpy; Vw;gLk; khWghNl 
fhuzkhFk;. xspapd; jpirNtfk; mj nry;Yk; Clfj;jpd; jd;ikiag; nghWj;Nj mikfpwJ. 
mlh; Fiw Clfj;jpy; (mjhtJ> Fiwe;j xspapay; mlh;j;jp) xspapd; jpirNtfk; 
mjpfkhfTk; mlh;kpF Clfj;jpy; (mjpf xspapay; mlh;j;jp) jpirNtfk; FiwthfTk; 
,Uf;Fk;.  
 
rkjs xspGFk; gug;gpy; xsptpyfy;:  
 
mlh; Fiw Clfj;jpypUe;J mlh; kpF Clfj;jpDs; xU xspf;fjph; nry;Yk; NghJ 
Fj;Jf;Nfhl;il Nehf;fp tpyfy; milfpwJ.  
 
mlh; kpF Clfj;jpypUe;J mlh; Fiw Clfj;jpw;F xU xspf;fjph; nry;Yk; NghJ 
Fj;Jf;Nfhl;il tpl;L tpyfpr; nry;fpwJ.  
 
mlh;kpF Clfj;jpd; gug;gpw;Ff; Fj;jhf mjd; kPJgLk; xspf;fjph; tpyfy; miltjpy;iy  
 
xsptpyfy; tpjpfs;:  
 
];ney; tpjpfs; vdg;gLk; xsp tpyfy; tpjpfs; fPNo jug;gl;Ls;sd.  
 

• gLfjph;> tpyFfjph;> gLGs;spapy; ,U xspGFk; Clfq;fSf;F ,ilapyhd jsj;jpw;F 
tiuag;gl;l Fj;Jf;NfhL Mfpait xNu jsj;jpy; mikfpd;wd.  
 

• nfhLf;fg;gl;l xU Clfq;fSf;F> Fwpg;gpl;l epw xspapd; gLNfhzj;jpd; ird; 
kjpg;gpw;Fk;> tpyF Nfhzj;jpd; ird; kjpg;gpw;Fk; ,ilNa cs;s jfT khwpyp.  

 
i vd;gJ gLNfhzk; r vd;gJ tpyF Nfhzk; vdpy;> 

 
xsptpyfy; tpjpfs;:  
 

   
sin

sin

i

r
= khwpyp  

 
,k;khwpyp Kjy; Clfj;ijg; nghWj;J ,uz;lhtJ Clfj;jpd; xsptpyfy; vz; vdg;gLk;. 
,J 1µ2 (kpA+) vdg;gLk; fpNuf;f vOj;jhy; Fwpf;fg;gLfpwJ.  
 
Fwpg;G: 1µ2f;F my;y ,y;iy. Vnddpy;> mJ xU xj;j msTfspd; jfT.  
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ntt;NtW Clfq;fspy; nry;Yk; xspapd; jpirNtfj;ijg; nghWj;Jk; xsptpyfy; vz;iz 
ehk; tiuaWf;fyhk;.  

    =
fhw; W (m) ntw; wplj; jpy; xspapd; jpirNtfk;  

Clfj;jpy; xspapd; jpirNtfk;

(c)

(v)
 

nghJthff; $wpdhy;> 

   =
Clfk; 1y; xspapd; jpirNtfk;

Clfk; 2y; xspapd; jpirNtfk;
 

 
fzf;fPL 4.  
fhw;wpy; xspapd; jpirNtfk;  3 ×108 kP/tp> fz;zhbapy; 2×108 kP/tp vdpy; fz;zhbapd; 
xsptpyfy; vz; vd;d?  
jPh;T  

  
8

8

3 10 3
1.5

2 10 2
a g


= = =


 

 
fzf;fPL 5.  
mlh;Fiw Clfj;jpypUe;J (Clfk; 1) mlh;kpF Clfj;jpw;F (Clfk; 2) xsp nry;fpwJ. 
gLNfhzk; kw;Wk; tpyF Nfhzk; KiwNa 45º, 30º vdpy; Kjy; Clfj;ijg; nghWj;J 2-tJ 
Clfj;jpd; xsptpyfy; vz;izf; fzf;fpLf.  
jPH;T:  

  1 2

sin sin 45 1/ 2
2 1.414

sin sin30 1/ 2

i

r



= = = = =


 

 
 
KO mf vjpnuhspg;G:  
 
mlh; kpF Clfj;jpypUe;J mlh;Fiw Clfj;ij Nehf;fp xsp nry;Yk; NghJ> mJ 
Fj;Jf;Nfhl;il tpl;L tpyfpr; nry;fpwJ. mlh; kpF Clfj;jpy; gL Nfhzk; mjpfhpf;Fk; NghJ 
mlh;Fiw Clfj;jpy; mjd; tpyF NfhzKk; mjpfhpf;fpwJ. Fwpg;gpl;l gLNfhzj;jpw;F tpyF 
Nfhzj;jpd; kjpg;G r= 90º vd;w ngUik kjpg;ig milfpwJ. ,g;gLNfhzNk 
khWepiyf;Nfhzk; vdg;gLk;. mjhtJ> 90º tpyF Nfhzj;ij Vw;gLj;Jk; gL Nfhzk; 
khWepiyf;Nfhzk; (Qc)vdg;gLk;. ,e;epiyapy; tpyF fjph; ,uz;L Clfj;ijAk; gphpf;Fk; 
gug;ig xl;br; nry;Yk;.  
 
 
 
gLNfhzj;jpd; kjpg;G khWepiyf; Nfhzj;ijtpl mjpfkhf cs;sNghJ> tpyF fjph; 
ntspNawhJ; Vnddpy; r = 90º vdNt mNj Clfj;jpNyNa xsp KOtJkhf 
vjpnuhspf;fg;gLfpwJ. ,JNt KO mf vjpnuhspg;G MFk;.  
 
KO mf vjpnuhspg;Gf;fhd epge;jidfs;:  
KO mf vjpuspg;G Vw;gLtjw;F fPo;f;fz;l epge;jidfs; mtrpak;.  
 

• xspahdJ mlh; kpF Clfj;jpypUe;J (v.fh – jz;zPh;) mlh; Fiw Clfj;jpw;Fr; 
(v.fh – fhw;W) nry;y Ntz;Lk;.  
 

• mlh;kpF Clfj;jpy; gLNfhzj;jpd; kjpg;G khWepiyf; Nfhzj;ij tpl mjpfkhf 
,Uf;f Ntz;Lk;.  
 

,aw;ifapy; KO mf vjpnuhspg;G:  
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fhdy; ePh;: Rl;nlhpf;Fk; ntspapy; rhiyapy; nry;Yk; NghJ njhiytpy; jz;zPh;j; jpl;Lfs; 
Njhd;Wtijf; fhzyhk;. ,J xU khaj;Njhw;wNk. ntapy; fhyq;fspy;> jiuia xl;ba fhw;W 
rw;W #lhfTk; Nkw;gFjpfspy; rw;W #L FiwthfTk; ,Uf;Fk;. #lhd fhw;wpd; mlh;j;jp 
FiwthdJ vd;gjhy; fhw;wd; xsp tpyfy; vz;Zk; Fiwthf ,Uf;Fk;. vdNt> xspf;fjph; 
fhw;wpy; xsp tpyfy; mile;J Fj;Jf;Nfhl;il tpl;L tpyfyilfpwJ. NkYk;> khWepiyf; 
Nfhzj;ij tplg; gLNfhzk; mjpfkhf ,Ug;gjhy;> KO mf vjpnuhspg;G milfpwJ. ituk; 
n[hypg;gjw;Fk; tpz;kPd;fs; kpd;Dtjw;Fk; fhuzk; KO mf vjpnuhspg;Ng MFk;.  
 
xspapiofs;:  
 
xspapiofs; vd;git neUf;fkhf gpizf;fg;gl;l gy fz;zhb ,iofspdhy; (my;yJ 
Fthh;l;R ,iofs;) cUthf;fg;gl;l ,iof;fw;iwfs; MFk;. xt;nthU ,ioAk; cs;sfk; 
(core) kw;Wk; ghJfhg;G ciw (cladding) Mfpa ,U gFjpfshy; MdJ. ntspNaAs;s 
ghJfhg;G ciwapd; xsptpyfy; vz;iztpl cs;sfg; nghUspd; xsp tpyfy; vz; mjpfkhf 
,Uf;Fk;. xspapiofs; KO mf vjpnuhspg;gpd; mbg;gilapy; nray;gLfpd;wd. xU Kidapy; 
mDg;gg;gLk; xspr; irif neLfpYk; gy KO mf vjpnuhspg;GfSf;F cl;gl;L> ,Wjpahf 
kw;nwhU Kidapy; ntspNaWk;.  
 
ePz;l njhiyTfSf;F xyp> xspr; iriffis mDg;g xsp ,iofs; gad;gLfpd;wd. xsp 
,iofspd; nefpOk; jd;ikahy; nghpa mstpyhd mWitr; rpfpr;irf;Fg; gjpyhf rpW 
fPwy;fspd; %yk;> Ntz;ba rpfpr;irfs; nra;jplTk;> cly; cs; cWg;Gf;fisf; fhzTk; 
mit kUj;Jth;fSf;F cjTfpd;wd.  
 

,e;jpahitr; Nrh;e;j ehpe;jh; fghdp vd;w 
,aw;gpayhsh; ,io xspapaypd; je;ij vd 
miof;fg;gLfpwhh;.  
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myF – 7ntg;gk;  

 
mwpKfk; 
 
ek;ikr; Rw;wpapUf;Fk; midj;Jg; nghUl;fSk; %yf;$Wfshy; fl;likf;fg;gl;Ls;d. ,e;j 
%yf;$Wfs; ,af;fj;jpy; ,Ug;gjhy; ,af;f Mw;wiyg; ngw;wpUf;Fk;. xt;nthU %yf;$Wk; 
mjidr; Rw;wpapUf;Fk; kw;w %yf;$WfNshL Vw;gLj;Jk; <h;g;G tpirapdhy; epiy 
Mw;wiyAk;> ngw;wpUf;Fk;. ,af;f Mw;wy; kw;Wk; epiyahw;wy; Mfpatw;wpy; $l;Lj;njhifNa 
%yf;$Wfspd; mf Mw;wy; MFk;. #lhd nghUl;fspy; %yf;$W mf Mw;wy; mjpfkhfTk; 
Fsph;e;j nghUl;fspy; FiwthfTk; ,Uf;Fk;.  
 
,e;j mf Mw;wyhdJ mjpf ntg;gepiy ,Uf;Fk; ,lj;jpypUe;J Fiwe;j ntg;gepiy 
,Uf;Fk; ,lj;jpw;Fg; gha;e;J nry;Yk;. ,e;j mf Mw;wy; xU nghUspypUe;J ntspg;glk; 
nghOJ> mJ ntg;g Mw;wy; vdg;gLfpwJ. ,e;jg; ghlj;jpy; ntg;gkhdJ xU ,lj;jpy; ,Ue;J 
kw;nwhU ,lj;jpw;F vt;thW guTfpwJ vd;gijg; gw;wp gbf;f ,Uf;fpNwhk;. NkYk; ntg;gj;jpd; 
tpisTfs;> ntg;g Vw;Gj;jpwd;> nghUl;fspy; Vw;gLk; epiy khw;wk; kw;Wk; cs;Siw ntg;gk; 
Mfpatw;iwg; gw;wpAk; gbf;f ,Uf;fpNwhk;.  
 
ntg;gj;jpd; tpisTfs;:  
xU nghUis ntg;gg;gLj;Jk; NghJ fPo;f;fz;l tpisTfs; Vw;gLk;.  
  
tphptiljy;: xU nghUis ntg;gg;gLj;Jk; NghJ me;jg; nghUspYs;s %yf;$Wfs; mjpf 
Mw;wiyg; ngw;W mjph;tilaj; njhlq;Fk; ,jdhy; mUfpy; ,Uf;Fk; %yf;$WfSk; 
mjph;tilaj; njhlq;Fk;. vdNt tphptiljy; Vw;gLfpwJ. ntapy; fhyq;fspy; mjpf ntg;g 
Mw;wy; ,uapy; jz;lthsq;fis tphptilar; nra;fpd;wJ. ,uapy; ghijfspy; rpwpa 
,ilntsp tplg;gl;bUg;gij> ePq;fs; ghh;j;jpUg;gPh;fs; jplg;nghUl;fis tpl jputg; nghUl;fs; 
mjpfkhf tphptilAk;. MdhYk;> thAg;nghUl;fs; ,it ,uz;ilAk; tpl mjpfkhf 
tphptilAk;.  
 
epiy khw;wk;: gdpf;fl;bia ntg;gg;gLj;Jk; NghJ mJ ePuhf khWfpwJ. NkYk; 
ntg;gg;gLj;jpdhy; ePh; Mtpahf khWfpwJ. mNfNt jplg;nghUis ntg;gg;gLj;Jk; NghJ 
jputg;nghUshf khWfpwJ. NkYk; ntg;gg;gLj;Jk; NghJ mJ thA epiyf;F khWfpwJ. 
ntg;gepiyiaf; Fiwf;Fk; NghJ jiyfPo; khw;wk; Vw;gLfpwJ.  
 
ntg;gepiy khw;wk;: xU nghUSf;F ntg;g Mw;wiy mspf;Fk; NghJ me;jg; nghUspYs;s 
%yf;$wpd; ,af;f Mw;wy; mjpfhpf;fpwJ. %yf;$Wfs; mjph;tiltjhy; nghUspd; ntg;gepiy 
mjpfhpf;fpwJ. me;jg; nghUis Fsph;tpf;Fk; NghJ ntg;g Mw;wy; ntspNawp mjd; 
ntg;gepiy FiwfpwJ.  
 
Ntjpapay; khw;wk;: ntg;gk; xU tifahd Mw;wyhf ,Ug;gjhy; mJ Ntjpapay; khw;wj;jpy; 
ngUk; gq;F tfpf;fpwJ. Ntjp tpidfs; njhlq;Ftjw;F ntg;g Mw;wy; Njitg;gLfpwJ. 
mJNghy Ntjptpidfspd; Ntfj;ijAk; ntg;g Mw;wNy jPh;khdpf;fpwJ. tpwfpid vhpj;J 
mjd; %yk; fpilf;Fk; ntg;gj;jpidg; gad;gLj;jp ehk; czT rikf;fpNwhk;. ,e;j ntg;g 
Mw;wNy czitg; gf;Ftkhf rikf;fg; gad;gLfpwJ. ,itahTk;> ntg;gj;jpdhy; Vw;gLk; 
Ntjpapay; khw;wq;fshFk;.  
 
ntg;gk; guTjy;:  
 
xU nghUspy; ,Uf;Fk; ntg;gkhdJ mNj ,lj;jpy; jq;fp ,Uf;fhJ. mjpf ntg;gj;jpy; 
,Uf;Fk; nghUl;fs; ntg;gj;ij ,oe;J Fsph;tilAk;. mJNghy Fsph;e;j nghUl;fs; 
Rw;Wg;Gwj;jpy; ,Ue;J ntg;gj;ijg; ngw;W ntg;gkilAk;. ntt;NtW ntg;gepiyapy; cs;s 
,uz;L nghUl;fis xd;W Nrh;j;jhy;> mjpf ntg;gepiyapy; ,Uf;Fk; nghUspypUe;J Fiwe;j 
ntg;gepiyapy; cs;s nghUSf;F ntg;g Mw;wy; guTfpwJ.  
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rpy Neuq;fspy; eha; jdJ ehf;if ntspNa njhlq;ftpl;Lf; nfhz;Nl Rthrpg;gijg; 
ghh;j;jpUg;gPh;fs;. mg;gb Rthrpf;Fk; NghJ mjd; ehf;fpypUf;Fk; <ug;gjk; jputkhf 
khwp> gpd; MtpahfptLk;. jputepiy thA epiyf;F khw ntg;g Mw;wy; Njitg;gLk;. 
,e;j ntg;g Mw;wy; ehapd; ehf;fpy; ,Ue;J ngwg;gLfpwJ. ,t;thW eha; jd; ehf;fpy; 
,Uf;Fk; jd; ntg;gj;ij ntspNaw;wp jd;idf; Fsph;tpj;Jf;nfhs;fpwJ.  
 
ntg;gkhdJ %d;W topfspy; guTfpwJ> 
1. ntg;gf; flj;jy;   2. ntg;gr; rydk;  3. ntg;gf; fjph;tPr;R  
 
ntg;gf; flj;jy;:  
jplg;nghUl;fspy; %yf;$Wfs; kpfTk; neUf;fkhfTk; ,af;fk; ,y;yhkYk; mike;jpUf;Fk;. 
jplg;nghUspd; xU Kidapid ntg;gg;gLj;Jk; NghJ me;j Kidapy; ,Uf;Fk; %yf;$Wfs; 
ntg;g Mw;wiy cl;fth;e;J jq;fs; epiyapy; ,Ue;Jnfhz;Nl Kd;Dk; gpd;Dkhf Ntfkhf 
mjph;tilfpd;wd. mjph;tilAk; NghJ mUfpy; ,Uf;Fk; %yf;$WfSf;F ntg;g Mw;wiyf; 
flj;Jfpd;wd. ,jdhy; mUfpypUf;Fk; %yf;$WfSk; mjpuj; njhlq;Ffpd;wd. jplg;nghUspy; 
,Uf;Fk; midj;J %yf;$WfSk; ntg;g Mw;wiyg; ngw;Wf;nfhs;Sk; tiu ,e;j epfo;T 
njhlh;e;J ele;J nfhz;NlapUf;Fk;.  
 
,t;thW mjpf ntg;gepiyapy; cs;s xU nghUspypUe;J Fiwthd ntg;gepiyapy; cs;s 
xU nghUSf;F %yf;$Wfspd; ,af;fkpd;wp ntg;gk; guTk; epfo;T ntg;gf; flj;jy; vdg;gLk;.  
 
 
 
md;whl tho;f;ifapy; ntg;gf; flj;jy;:  

1. cNyhfq;fs; kpfr;rpwe;j ntg;gf; flj;jpfs;. mjdhy;jhd;> mYkpdpag; ghj;jpuq;fis 
rikaYf;Fg; gad;gLj;JfpNwhk;.  

 
2. ghjurk; rpwe;j ntg;gf;lj;jpahf ,Ug;gjhy; mij ntg;g epiykhdpapy; 

gad;gLj;JfpNwhk;.  
 

3. ehk; Fsph;fhyq;fspy; fk;gsp Milfis cLj;JfpNwhk;. fk;gsp xU mhpjpw; flj;jp> 
vdNt clypd; ntg;gj;ij ntspg; Gwj;jpw;Ff; flj;jhky; itj;jpUf;Fk;.  

 
jhkpuk;> mYkpdpak;> gpj;jis kw;Wk; ,Uk;G Mfpa ehd;F 
cNyhff; fk;gpfis vLj;Jf; nfhs;Sq;fs;. fk;gpfspd; xU 
Kidapy; jPf;Fr;rp xd;wpid nkOfpd; cjtpNahL nghUj;jp 
tpLq;fs;. kWKidia ntg;gg;gLj;Jk; NghJ rpwpJ Neuj;jpy; 
jPr;Fr;rp fPNo tpOe;JtpLk;. fk;gp topahf ntg;gk; flj;jg;gl;L 
fk;gpapd; Kid nkOfpd; cUfepiyia mile;jJk; jPf;Fr;rp fPNo 
tpOe;J tpLk;. ,e;j Nrhjidiar; nra;Ak; NghJ jhkpuf; fk;gpapy; 
xl;bapUf;Fk; jPf;Fr;rp Kjypy; fPNo tpOe;J tpLfpwJ. ,e;j ehd;F 
cNyhfq;fspy; jhkpuk; mjpf flj;Jk; jpwd; ngw;Ws;sij ,J 
fhl;LfpwJ. njhlh;e;J mYkpdpak;> gpj;jisapy; ,Uf;Fk; 
jPf;Fr;rpfs; fPNo tpOtijAk; filrpahf ,Uk;gpy; xl;bapUf;Fk; 
jPf;Fr;rp fPNo tpOtijAk; fhzyhk;. 

 
 
ntg;gr; rydk;:  
 
NkNy Fwpg;gplg;gl;Ls;s nray;ghl;by; fz;zhbf; Ftisapd; mbg;gFjpapy; ,Uf;Fk; jz;zPh; 
%yf;$Wfs; ntg;gj;jpidg; ngw;wTld; NknyOk;gp tUfpd;wd. NkNy ,Uf;Fk; jz;zPh; 
%yf;$Wfs; fPo; Nehf;fp tUfpd;wd. ,JNghd;w epfo;T thAf;fspYk; eilngWfpwJ. 
thAf;fis ntg;gg;gLj;Jk; NghJ ntg;g %yj;jpw;F mUfpy; cs;s %yf;$Wfs; Kjypy; 
ntg;gkile;J tphptilfpd;wd. mjdhy; mtw;wpd; mlh;j;jp FiwfpwJ. ,j;jifa 
%yf;$Wfs; NkNy nry;yr; nry;y fdkhd %yf;$Wfs; fPNo ntg;g%yj;jpw;F mUfpy; 
tUfpd;wd. ,q;F> %yf;$Wfspd; cz;ikahd ,af;fj;jhy; ntg;gk; guTfpwJ.  
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xU jputj;jpd; mjpf ntg;gKs;s gFjpapy; ,Ue;J Fiwthd ntg;gKs;s gFjpf;F 
%yf;$Wfspd; cz;ikahd ,af;fj;jhy; ntg;gk; guTtij ntg;gr; rydk; vdyhk;.  
 
md;whl tho;f;ifapy; ntg;gr; rydk;:  
#lhd fhw;W gY}d;fs;: ,j;jifa gY}d;fspd; mbg;gFjpapy; ,Uf;Fk; fhw;W %yf;$Wfs; 
ntg;gkile;J Nky; Nehf;fp efuj; njhlq;Fk;. ,jdhy; #lhd fhw;W gY}dpd; cs;Ns 
epuk;GfpwJ. mlh;j;jp Fiwe;j #lhd fhw;wpdhy; gY}d; Nky;Nehf;fpr; nry;fpwJ. #lhd fhw;W 
Nky;Nehf;fpr; nry;tjhy; gY}dpd; Nkw;gFjpapy; ,Uf;Fk; Fsph; fhw;W fPo;Nehf;fp efh;fpwJ. 
,e;jr; nray; njhlh;e;J eilngw;Wf;nfhz;Nl ,Uf;Fk;.  
 
epyf; fhw;Wk; fly; fhw;W: gfy;Neuq;fspy; epyg;gug;G> fly; ePiutpl mjpfkhf #lhfpwJ. 
,jdhy; epyg;gug;gpy; cs;s #lhd fhw;W NkNy vOk;GfpwJ. fly; gug;gpypUe;J Fsph;e;j 
fhw;W epyj;ij Nehf;fp tPRfpwJ. ,jid fly; fhw;W vd;fpNwhk;. ,uT Neuq;fspy; epyg;gug;G 
fly; ePiutpl tpiutpy; Fsph;tilfpwJ. fly; gug;gpy; cs;s #lhd fhw;W Nkny vOk;g> 
epyg;gug;gpypUe;J Fsph;e;j fhw;W fly; gFjp Nehf;fp tPRfpwJ. ,jid epyf;fhw;W vd;fpNwhk;.  
 
fhw;Nwhl;lk;: fhw;whdJ> mOj;jk; mjpfkhd gFjpapypUe;J mOj;jk; Fiwthd gFjpf;Fr; 
nry;Yk;. #lhd fhw;W NknyOk;gpr; nry;tjhy; mq;F Fiwe;j mOj;jk; cUthfpwJ. MfNt 
Fsph;e;j fhw;W mjpf mOj;jg; gFjpapy; ,Ue;J Fiwe;j mOj;jg; gFjpia Nehf;fp 
efh;fpwJ. ,JNt fhw;Nwhl;lj;ij cUthf;FfpwJ.  
 
GifNghf;fpfs;: rikay; miwfspYk; njhopw;rhiyfspYk; caukhd GifNghf;fpfis 
itj;jpUg;gijg; ghh;;j;jpUg;gPh;fs;. #lhd fhw;W mlh;j;jp Fiwthf ,Ug;gjhy; vspjhf 
tspkz;lyj;jpw;Fr; nrd;W tpLfpwJ.  
 
ntg;gf; fjph;tPr;R:  
ve;j xU gUg;nghUspd; cjtpAkpd;wp ntg;g Mw;wy; xU ,lj;jpy; ,Ue;J kw;nwhU 
,lj;jpw;Fg; guTtij ehk; ntg;gf; fjph;tPr;R vd;fpNwhk;. ,e;j Kiwapy; #lhd nghUl;fspy; 
,Ue;J ntg;gkhdJ miyfshf vy;yhj; jpirfspYk; guTfpwJ. ntg;gf; flj;jYk;> ntg;gr; 
rydKk; ntw;wplj;jpy; eilngwhJ. mitfs; eilngw gUg;nghUl;fs; Njitg;gLk;. Mdhy; 
ntg;gf;fjph; tPr;R eilngw gUg;nghUl;fs; Njitapy;iy. ,jdhy; ntw;wplj;jpy; $l 
ntg;gf;fjph;tPr;R eilngWk;. ntg;gf; fjph;tPr;ir xspapd; jpirNtfj;jpy; nry;yf;$ba 
kpd;fhe;j miyfshfTk; fUjyhk;. ntg;g Mw;wy; xU ,lj;jpy; ,Ue;J kw;nwhU ,lj;jpw;F 
kpd; fhe;j miyfshf guTk; epiyia ntg;gf;fjph;tPr;R vd;fpNwhk;.  
 
guTk; epiyia ntg;gf;fjph;tPr;R vd;fpNwhk;.  
 
#hpadplkpUe;J fpilf;Fk; ntg;g Mw;wy; ntg;gf;fjph;tPr;R %ykhfNt tUfpwJ. O K 
ntg;gepiyf;F mjpfkhf ,Uf;Fk; vy;yhg; nghUl;fspypUe;Jk; ntg;gf; fjph;tPr;R vw;gLk;. rpy 
nghUl;fs; ntg;gj;ij ckpOk;> kw;w rpy nghUl;fs; ntg;gj;ij cl;ftUk;.  
  
tpwF mLg;igg; gad;gLj;Jk; NghJ ntg;gk; guTk; %d;W topfisAk; ehk; 
ghh;f;fyhk;. tpwfpid vhpf;Fk; NghJ xUKidapy; ,Ue;J kWKidf;F 
ntg;gf;flj;jy; %yk; ntg;gk; guTfpwJ. vhpAk; tpwfpd; Nkw;gFjpapy; ,Uf;Fk; fhw;W 
ntg;gkhfp NknyOe;J nry;tjhy; ntg;gr;rydk; %yk; ntg;gk; flj;jg;gLfpwJ. 
ntg;gf; fjph;tPr;rpdhy; mLg;gpypUe;J tUk; ntg;gj;ij ehk; czu KbfpwJ.  
 
md;wlh tho;f;ifapy; ntg;gf; fjph;tPr;R:  
 
1. nts;is epw Milfs; rpwe;j ntg;g gpujpgypg;ghd;fs; MFk;. Nfhil fhyq;fspy; mit 

ek cliy Fsph;r;rpahf itj;jpUf;fpd;wd.  
 
2. rikay; ghj;jpuq;fspd; mbg;gFjpapy; fWg;G epw tz;zj;ijg; G+rpapUg;ghh;fs;. fWg;G 

epwkhdJ mjpf fjph;tPr;rpid cl;ftUk;.  
 

3. tpkhdj;jpd; Gwg;gl;l kpfTk; gsgsg;ghf ,Uf;Fk;. ,jdhy; #hpadpypUe;J tpkhdj;jpd; 
kPJ tpOk; fjph;tPr;rpd; ngUk;gFjpahdJ gpujpgypf;fg;gLfpwJ.  
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ntg;g epiy:  
 
xU nghUspd; ntg;gk; my;yJ Fsph;r;rpapd; msitj;jhd; ehk; ntg;gepiy vd;fpNwhk;. xU 
nghUspd; ntg;gk; mjpfhpf;Fk; NghJ ntg;g epiyAk; mjpfhpf;Fk;.  
 
ntg;gepiyapd; myF:  
 
ntg;gepiyapd; SI myF nfy;tpd; (K) jpdrhp gd;ghl;by; nry;rpa]; (°C) vd;w myFk; 
gad;gLj;jg;gLfpwJ. ntg;gepiykhdpapd; cjtpAld; ntg;gepiy mstplg;gLfpd;wJ.  
 
ntg;gepiy mstPLfs;:  
ntg;gepiyia mstpLtjw;F %d;W mstPLfs; gad;gLj;jg;gLfpd;wd.  
 
 i. /ghud;̀ Pl; mstPL  
 ii. nry;rpa]; my;yJ nrd;bfpNuL mstPL  
 iii. nfy;tpd; mstPL my;yJ jdpj;j mstPL  
/ghud;̀ Pl; mstPL: /ghud;`Pl; mstPl;by; 32°F ciwepiyg; Gs;spahfTk;. 212°F Mtpahjy; 
Gs;spahfTk; epiyepWj;jg;gl;Ls;sd. ,e;j ,uz;L Gs;spfSf;fpilNa cs;s ,ilntsp 180 
gFjpfshfg; gphpf;fg;gl;Ls;sd.  
 
nry;rpa]; mstPL: nry;rpa]; mstPl;by; 0°C ciwepiyg; Gs;spahfTk;>100°C Mtpahjy; 
Gs;spahfTk; epiyepWj;jg;gl;Ls;sd. ,e;j ,uz;L Gs;spfSf;fpilNa cs;s ,ilntsp 100 
gFjpfshfg; gphpf;fg;gl;Ls;sJ.  
 
nry;rpa]; mstPl;il /ghud;̀ Pl; mstPlhf khw;Wtjw;Fj; Njitahd rkd;ghL:  

   

9
32

5
F C= +

 
/ghud;̀ Pl; mstPl;il nry;rpa]; mstPlhf khw;Wtjw;Fj; Njitahd rkd;ghL:  

   

5
( 32)

9
C F= −

 
nfy;tpd; mstPL (jdpj;j mstPL): nfy;tpd; mstPL> jdpj;j mstPL vd;Wk; toq;fg;gLfpwJ. 
nfy;tpd; mstPl;by; O K vd;gJ jdpr; Rop ntg;gepiy MFk;. xU nghUspd; %yf;$Wfs; 
kpff;Fiwe;j Mw;wiyg; ngw;wpUf;Fk; NghJ ,Uf;Fk; ntg;gepiy jdpr; Rop ntg;gepiy 
MFk;. 273.16 K ntg;gepiyapy; ePhpd; jpl> jput kw;Wk; thA epiyfs; xd;wpize;J 
fhzg;gLk;. ePhpd; Kk;ikg; Gs;spapd; 1/273.15 gq;F xU nfy;tpd; MFk;. nry;rpa]; kw;Wk; 
nfy;tpd; msT tPLfspilNaahd njhlh;G K = C + 273.15 
 
jdpr; Rop ntg;gepiy : xU thAtpd; mOj;jKk; fd msTk; fUj;jpaypy; Ropahf khWk; 
ntg;gepiyf;F jdpr; Rop ntg;gepiy vd;W ngah;. nfhLf;fg;gl;Ls;sJ.  
 
midj;J tifahd thAf;fspd; mOj;jKk; -273.15°C ntg;gepiyapy; RopahfptpLk; ,jidj; 
jhd; jdpr; Rop ntg;gepiy my;yJ OK vd;fpNwhk;.  
 
%d;W tif ntg;gepiy msTtPLfspYk; rpy mbg;gil ntg;gepiyfs; nfhLf;fg;gl;Ls;sd.  
 
%d;W tif ntg;gepiy msT Nfhy;fspy; rpy mbg;gil ntg;gepiyfs;: 
 

ntg;gepiy nfy;tpd; nry;rpa]; ghud;`Pl; 
ePhpd; nfhjpepiy 373.15 100 212 
gdpf;fl;bapd; 
cUFepiy 

273.15 0 32 

jdpr;Rop 0 -273 -460 
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ntg;gepiy 
  
1. ntg;gepiy mstPl;il khw;Wf.  
i. 25°C I nfy;tpd; mstPl;bw;F khw;Wf.  
ii. 200 K I °C mstPl;bw;F khw;Wf.  
jPh;T:  
 i. TK = T°C + 273.15  
    TK = 25 = 273.15 = 298 15 K 
    ii. T°C = TK – 273.15 
         T°C = 200 – 273.15 = -73.15 °C  
2. ntg;gepiy mstPl;il khw;Wf 
 i. 35°C I ghud;`Pl; (°F) mstPl;bw;F khw;Wf.  
 ii. 14°F I °C mstPl;by; vOJf.  
jPh;T  
 i. T°F = T°C × 1.8 + 32 
    T°F = 25°C × 1.8 + 32 = 77°F  
 ii. T°C = (T°F – 32)/1.8 
      T°C  = (14°F – 32) /1.8 = -10°C  
 
jd; ntg;g Vw;Gj; jpwd;:  
 
G+kpapd; epyg;gug;G fhiy Neuq;fspy; Fsph;r;rpahfTk; kjpa Ntisfspy; #lhfTk; ,Ug;gij 
czh;e;jpUg;gPh;fs;. Mdhy; Vhpapy; ,Uf;Fk; jz;zPhpd; Nkw;gug;G fhiyapYk; kjpa 
NtiyapYk; XusTf;F xNu ntg;gepiyapy; jhd; ,Uf;Fk;. epug;gug;Gk; ePh;g;gug;Gk; 
#hpadplkpUe;J xNu mstpy; ntg;gj;ijg; ngw;whYk; mtw;wpd; ntg;gepiyfs; khWfpd;wd. 
ntg;gj;ij cl;ftUk; kw;Wk; ntsptpLk; gz;Gfs; ,uz;bw;Fk; NtWgLfpd;wd. nghJthf 
ntg;gj;ij ntsptpLk; my;yJ cl;ftUk; gz;G %d;W fhuzpfshy; jPh;khdpf;fg;gLfpwJ.  
 1. nghUspd; epiw  
 2. nghUspy; Vw;gLk; ntg;gepiy NtWghL  
 3. nghUspd; jd;ik  
 
fPNo nfhLf;fg;gl;Ls;s cw;WNehf;fy;fs; %yk; ,jid mwpe;J nfhs;syhk;.  
 
cw;WNehf;fy; 1:  
xU ypl;lh; ePiu xU Fwpg;gpl;l ntg;gepiyf;F cah;j;Jtjw;Fj; Njitahd ntg;gkhdJ> 
miu ypl;lh; ePiu mNj ntg;gepiyf;F cah;j;Jtjw;Fj; Njitahd ntg;gj;ij tpl 
mjpfkhf ,Uf;Fk;.  
 
vdNt> nghUs; cl;ftUk; ntg;gkhdJ mjd; epiwiag; nghWj;J mikAk;>Q vd;gij 
cl;ftUk; ntg;gkhfTk;>m vd;gij nghUspd; epiwahfTk; vLj;Jf; nfhz;lhy;> 
    Qαm 
cw;W Nehf;fy; 2:  
 
250 kpyp ePhpid 100°C ntg;gepiyf;F cah;j;Jtjw;Fj; Njitg;gLk; ntg;gj;ijtpl Fiwthd 
ntg;gNk mNj msT ePhpid 50°C nry;rpa]; ntg;gepiyf;F cah;j;Jtjw;Fj; Njitg;gLk;. 
vdNt> nghUs; cl;ftUk; ntg;gkhdJ mjd; ntg;gepiy NtWghl;ilg; nghUj;J mikAk;. 
Q vd;gij cl;ftug;gl;l ntg;gkhfTk;>∆T I ntg;gepiy NtWghlhfTk; vLj;Jf; 
nfhz;lhy;>Qα∆T,e;j ,uz;L epfo;TfisAk; xg;gpl;Lg; ghh;f;Fk; NghJ xU nghUs; 
cl;ftUk; my;yJ ntsptpLk; ntg;gj;jpd; msT mjd; epiw kw;Wk; ntg;gepiy NtWghL 
Mfpatw;iwg; nghWj;J mikAk; vd;gj njhpfpwJ.  
 
    Qα = m∆T  
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    Q = mC∆T  
Nkw;fz;l rkd;ghl;bd;gb nghUl;fs; ntsptpLk; my;yJ cl;ftUk; ntg;gk; ntg;gepiyiag; 
nghWj;J mikAk; vd;gJ njhpfpwJ. ,q;F Fwpg;gplg;gLk; C vd;w tpfpj khwpyp nghUspd; 
jd; ntg;g Vw;Gj; jpwd; MFk;.  
    C = Q /m∆T 
vdNt> xuyF epiwAs;s (1kg) nghUspd; ntg;gepiyia xU myF (1°C or 1 K) cah;j;jj; 
Njitahd ntg;g Mw;wypd; msT mjd; jd; ntg;g Vw;Gj;jpwd; vdg;gLk;. jd; ntg;g Vw;Gj; 
jpwdpd; SI myF Jkg-1K-1 MFk;. J/kg°C kw;Wk; J/g°C myFfisAk; gad;gLj;JNthk;.  
 
vy;yh tpjkhd nghUl;fspYk; mjpf jd; ntg;g Vw;Gj; jpwd; nfhz;l nghUs; ePh;. ePhpd; jd; 
ntg;g Vw;Gj; jpwd; 4200 J/kg°C vdNt> jd;Dila ntg;gepiyia cah;j;Jtjw;F ePh; mjpf 
ntg;gj;ij vLj;Jf;nfhs;Sk;. mjdhy; jhd; thfdq;fspy; ,Uf;Fk; ntg;gk; jzpf;Fk; 
mikTfspy; ePh; Fsph;tpg;ghdhfg; gad;gLj;jg;gLfpwJ. NkYk; njhopw;rhiyfspYk; 
,ae;jpuq;fspYk; Vw;gLk; ntg;gj;ijj; jzpg;gjw;Fk; ePh; gad;gLfpwJ. Vhpapd; Nkw;gFjpay; 
,Uf;Fk; ePhpd; ntg;gepiy gfy; Neuj;jpYk; nghpJk; khwhky; ,Ug;gjw;fhd fhuzKk; ,JNt.  
 
3. 3 fp.fp ePhpd; ntg;gepiyia 10°C ypUe;J 50°C f;F mjpfhpf;fj; Njitg;gLk; ntg;g 

Mw;wy; vt;tsT? (ePhpd; jd; ntg;g Vw;Gj; jpwd; 4200 JKg-1 K-1) 
jPh;T:  
nfhLf;fg;gl;Ls;s juTfs;  
  m = 2 Kg, ∆T = (50 – 10) = 40°C  
nfy;tpdpy; khw;Wk; nghOJ  
  (323.15.283.15) = 40K  
  C = 4200 J Kg-1 K-1 
Njitahd ntg;gk;> 
  Q = m × C × ∆T = 2 × 4200 × 40 = 3,36,000 J  
 
  
gy;NtW epiyfspy; ,Uf;Fk; ePhpd; jd; ntg;g Vw;Gj; jpwd; msT fPNo 
nfhLf;fg;gl;Ls;sJ.  
ePH; (jputepiy)       = 4200 JKg-1 K-1 
gdpf;fl;b (jpl epiy) = 2100 JKg-1 K-1 

ePuhtp (thA epiy)   = 460 JKg-1 K-1 
 
ntg;g Vw;gj; jpwd;:  
 
,g;NghJ jd; ntg;g Vw;Gj; jpwd; gw;wp njspT ngw;wpUg;gPh;fs;. xU fpNyhfpuhk; epiwAs;s 
xU nghUis 1°C ntg;gepiyf;F cah;j;Jtjw;Ff; nfhLf;fg;gLk; ntg;g Mw;wNy jd; ntg;g 
Vw;Gj; jpwd;. xU nghUspd; epiw KOtijAk; 1°C ntg;gepiyf;F cah;j;Jtjw;Fj; 
Njitg;gLk; ntg;g Mw;wy; ntg;g Vw;Gj; jpwd; MFk;. vdNt> xU nghUspd; ntg;gepiyia 
1°C cah;j;Jtjw;Fj; Njitahd ntg;g Mw;wy; ntg;g Vw;Gj; jpwd; MFk;. ,jid C vdf; 
Fwpg;gplyhk;.  

 ntg;g Vw;Gj; jpwd; =
Njitahd ntg; g Mw; wy;

ntg; gepiy khw; wk;
 

ntg;g Vw;Gj; jpwdpd; SI myF J/K ,jid Cal/°C, kcal/°C my;yJ J/°CvdTk; 
Fwpg;gplyhk;.  
 
4. xU ,Uk;Gf; Fz;Lf;F mjDila ntg;gepiyia 20°C cau;j;jpf; nfhs;s 5000 J ntg;g 

Mw;wy; nfhLf;fg;gLfpwJ. me;j ,Uk;Gf; Fz;bd; ntg;g Vw;Gj; jpwd; vt;tsT?  
 jPh;T:  
 nfhLf;fg;gl;Ls;s juTfs; 
  Q = 5000 J, t = 20°C = 20K  
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  ntg;g Vw;Gj; jpwd; =
Njitahd ntg; g Mw; wy;

ntg; gepiy khw; wk;

, Q

, t
 

     

15000
250

20
JK −= =

  
 
epiy khw;wk;:  
 
nghUshdJ xU epiyapy; ,Ue;J kw;nwhU epiyf;F khWk; epfo;itNa ehk; epiy khw;wk; 
vd;fpNwhk;.  
 
vLj;Jf;fhl;lhf> rhjhuz ntg;gepiyapy; ePH; %yf;$Wfs;> jputepiyapy; ,Uf;Fk; 100°C 
ntg;gepiyf;F ePiu ntg;gg;gLj;Jk; NghJ mJ ePuhtpahf khWfpwJ. ePuhtp thA epiyapy; 
,Uf;fpwJ. ntg;gepiyiaf; Fiwf;Fk; NghJ kPz;Lk; ePuhf khWfpwJ. ntg;gepiyia 0°C 
f;F Fiwf;Fk; NghJ gdpf;fl;bahf khWfpwj> gdpf;fl;b jpl epiyapy; ,Uf;fpwJ. 
gdpf;fl;bia ntg;gg;gLj;Jk; NghJ kPz;Lk; ePuhf khWfpwJ. ,t;thW ntg;gepiyapy; khw;wk; 
Vw;gLk; NghJ ePh; jdJ epiyia khw;wpf;nfhs;fpwJ. epiy khw;wj;jpy; epfOk; 
nray;Kiwfis tpsf;FfpwJ.  
 
cUFjy; - ciwjy;:  
xU nghUs; ntg;gj;ij cl;fth;e;J jpl epiyapypUe;J jput epiyf;F khWk; epfo;T 
cUFjy; MFk;. xU jplg;nghUs; jd; epiyia jputepiyf;F khw;Wk; ntg;gepiy 
cUFepiy vdg;gLk;. ,jd; kW jpir epiykhw;wk; ciwjy; MFk;. mjhtJ xU nghUs; 
ntg;gj;ij ntsptpl;L jput epiyapy; ,Ue;J jplepiyf;F khWk; epfo;T ciwjy; MFk;. 
ve;j ntg;gepiyapy; jputg;nghUs; jplg;nghUshf khWfpwNjh me;j ntg;gepiy ciwepiy 
MFk;. ePiug; nghWj;jtiu cUFepiy kw;Wk; ciwepiy ,uz;Lk; 0°C MFk;.  
 
Mtpahjy; - Fsph;jy;:  
 
xU nghUs; ntg;gj;ij cl;fth;e;J jput epiyapy; ,Ue;J thA epiyf;F khWk; epfo;T 
Mtpahjy; MFk;. ve;j ntg;gepiyapy; jputg;nghUs; thAepiyf;F khWfpwNjh me;j 
ntg;gepiy mjd; nfhjpepiy MFk;. thA epiyapy; ,Uf;Fk; xU nghUs; ntg;gj;ij 
ntsptpl;L jputkhf khWk; epfo;T Fsph;jy; MFk;. ve;j ntg;gepiyapy; thA jd; epiyia 
jput epiyf;F khw;WfpwNjh me;j ntg;gepiy xLf;f epiy MFk;. ePUf;F nfhjpepiyAk; 
xLf;f epiyAk; 100°C MFk;.  
 
gjq;fkhjy;:  
 
cyh; gdpf;fl;b> mNahbd;> ciwe;j fhh;gd; il Mf;irL> ehg;jypd; Nghd;w 
jplg;nghUl;fis ntg;gg;gLj;Jk; NghJ jput epiyf;F khwhky; Neubahf thA epiyf;F 
khwptpLfpd;wd ,t;thW> ntg;gg;gLj;Jk; NghJ jplg;nghUl;fs; Neubahf thA epiyf;F khWk; 
epfo;T gjq;fkhjy; vdg;gLfpwJ.  
 
ntg;gepiy khWk;nghOJ ntg;gj;jpd; msitg; nghWj;J xU nghUspd; epiykhw;wj;jpd; 
ntt;NtW gbepiyfs; fhz;gpf;fg;gl;Ls;sd.  
 
cs;Siw ntg;gk;;  
 
rpy fdrJu tbt gdpf;fl;bj; Jz;Lfis vLj;J xU fz;zhbf; Ftisapy; Nghl;L 
tpLq;fs;. xU ntg;gepiykhdpiag; gad;gLj;jp mjd; ntg;gepiyiaf; Fwpj;Jf; 
nfhs;Sq;fs;. mJ 0°C vdf; fhl;Lk;. ,g;NghJ fz;zhbf; Ftisia 
ntg;gg;gLj;Jq;fs;. ntg;gepiykhdp fhl;Lk; ntg;gepiyia njhlh;e;J ftdpAq;fs;. 
gdpf;fl;b ePuhf khWk; tiu ntg;gepiykhdp 0°Cfhl;Lk;. mjd; gpd; ntg;gepiy 
100°C tiu mjpfhpf;Fk;. gpd;dh; vt;tsT jhd; ntg;gg;gLj;jpdhYk; ePH; %OtJk; 
MtpahFk; tiu ntg;g epiykhdpapy; ntg;gepiy 100°C ntg;g epiyiaj; 
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jhz;lhky; ,Uf;Fk;.  
 
'cs;Siw' vd;gJ kiwe;jpUg;gJ vdg;gLk;. MfNt cs;Siw ntg;gk; vd;gJ kiw ntg;gk; 
my;yJ kiwe;jpuf;Fk; ntg;g Mw;wy; vdg;gLk;.  
 
gdpf;fl;b cUfp ePuhf khWk; tiu ntg;gepiy khwhky; 0°Cfhl;baJ. mJNghy; ePH; 100°C 
mile;j gpd;dUk; vt;tsT mjpf ntg;gj;ijf; nfhLj;jhYk; mjd; ntg;g epiy 100°C Mf 
,Ue;jJ. Vd; ,t;thW eilngWfpwJ?  
 
xU nghUs; jd;epiyia khw;wpf;nfhs;Sk; NghJ xU Fwpg;gpl;l msT ntg;gj;ij 
cl;fth;fpwJ my;yJ ntsptpLfpwJ. ,e;j ntg;g Mw;wy; cs;Siw ntg;gk; vd 
miof;fg;gLfpwJ. ntg;gepiy khwhj epiyapy; xU nghUs; jd; epiyia khw;wpf; nfhs;Sk; 
NghJ cl;ftUk; my;yJ ntspapLk; ntg;g Mw;wy; cs;Siw ntg;gk; MFk;.  
 
cUFjy; epfo;tpd; NghJ ntg;gkhdJ cl;ftug;gl;L mNj ntg;gkhdJ ciwjy; epfo;tpd; 
NghJ (ntg;gepiyapy; ve;j tpj khw;wKk; ,y;yhky;) ntsptplg;gLk; ,e;j ntg;gj;ij 
cUFjypd; cs;Siw ntg;gk; vd;fpNwhk;. ,J Nghy Mtpahjypd; NghJ ntg;gkhdJ 
jputj;jpdhy; cl;ftug;gLfpwJ. mNj msT ntg;gk; Fsph;jy; epfo;tpd; NghJ ePuhtpapdhy; 
(ntg;gepiyapy; ve;j tpj khw;wKk; ,y;yhky;) ntspaplg;gLk;. ,e;j ntg;gj;ij 
MtpahFjypd; cs;Siw ntg;gk; vd;fpNwhk;.  
 
jd; cs;Siw ntg;gk;:  
cs;Siw ntg;gj;ij xuyF epiwf;F tiuaWj;jy; mjid jd; cs;Siw ntg;gk; vdyhk;. 
,jid L vd;w FwpaPl;bdhy; Fwpg;gplyhk;. Q vd;gij cl;ftug;gl;l my;yJ ntsptplg;gl;l 
ntg;gj;jpd; msthfTk;>m vd;gij nghUspd; epiwahfTk; fUjpdhy;> jd; cs;Siw ntg;gk; 
fPo;f;fz;l rkd;ghl;by; Fwpg;gplyhk;. L = Q/m. 
5 fpfp gdpf;fl;b cUFtjw;F vt;tsT ntg;g Mw;wy; Njit? (gdpf;fl;bapd; jd; cs;Siw 
ntg;gk; = 336 Jg-1) 
jPH;T  
 nfhLf;fg;gl;Ls;s juTfs;  
  m = 5 fpfp = 5000 fp, L = 336 Jg-1 
 Njitg;gLk; ntg;g Mw;wy; = m × L  
      = 5000 × 336 
      = 1680000 J my;yJ 1.68 × 106 J 
5. 100°C ntg;gepiyapy; ,Uf;Fk; ePiug; gad;gLj;jp 2 fpfp epiwAs;s gdpf;fl;bAld; 

Nrh;j;j fyitia 0°C tiu Fsph;tpf;f vt;tsT nte;ePh; Njitg;gLk;?  
ePhpd; jd; ntg;g Vw;Gj;jpwd; = 4.2 JKg-1K-1 kw;Wk; gdpf;fl;bapd; cs;Siw ntg;gk; = 336 Jg-1 
jPh;T:  
 nfhLf;fg;gl;Ls;s juTfs;:  
 gdpf;fl;bapd; epiw = 2 kg = 2000 g 
 m vd;gJ nte;ePhpd; epiwnad;f.  
 ,oe;j ntg;gk; = ngw;Wf; nfhz;l ntg;gk;  
 
  m  × C  × ∆t = m L  
  m  × 4.2  ×  (100 – 0) = 2000  × 336  

   m × 

2000 336

4.2 100



  
   = 1600 fp my;yJ 1.6 fpfp  
xU nghUs; jpl> jput> thA Mfpa epiyfspy; xd;wpypUe;J kw;nwhd;Wf;F khWk;NghJ 
ntg;gepiy khwhky; cl;ftUk; my;yJ ntspaplg;gLk; ntg;g Mw;wy; jd; cs;Siw 
ntg;gepiy MFk;. jd; cs;Siw ntg;gj;jpd; SI myF J/kg. 
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epidtpy; nfhs;f.  
• mjpf ntg;gepiyapy; cs;s xU nghUspypUe;J Fiwthd ntg;gepiyapy; cs;s xU 

nghUSf;F ntg;gk; guTfpwJ.  
 

• ntg;gk; %d;W topfspy; guTfpwJ. ntg;gf; flj;jy;> ntg;gr;rydk;> ntg;gf;fjph;tPr;R. .  
 

• ntg;gf;flj;jy; jplg;nghUl;fspYk;> ntg;gr;rydk; jput kw;Wk; thAg;nghUl;fspYk; 
eilngWfpd;wd.  
 

• ntg;gf;fjph;tPr;R kpd;fhe;j miyfshf guTfpwJ.  
 

• ntg;gepiyia msg;gjw;F %d;W mstPLfs; gad;gLj;jg;gLfpd;wd. ghud;̀ Pl; mstPL> 
nry;rpa]; my;yJ nrz;bfpNuL mstPL> nfy;tpd; mstPL. 
 

• xU nghUs; cl;ftUk; my;yJ ntsptpLk; ntg;g Mw;wypd; msT nghUspd; epiw> 
ntg;gepiy NtWghL kw;Wk; nghUspd; jd;ik Mfpa %d;W fhuzpfisg; nghWj;J 
mikAk;.  
 

• jd; ntg;g Vw;Gj;jpwdpd; SI myF JKg-1 K-1 
 

• ntg;g vw;Gj;jpwdpd; SI myF J/K.  
 

• jd; ntg;g Vw;Gj;jpwid C vd;Wk; ntg;g Vw;Gj;jpwid C1 vd;Wk; Fwpf;fpNwhk;.  
 

• ntg;gepiy> mOj;jk; kw;Wk; ntg;gg; guty; Mfpatw;iwg; nghWj;J gUg;nghUis xU 
epiyapy; ,Ue;J kw;nwhU epiyf;F khw;wyhk;. 
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9th mwptpay;  
myF 8- xyp 

 
mwpKfk;:  
 
xypahdJ xUtpj Mw;wyhFk;. mJ ekJ nrtpia milAk;NghJ czh;it Vw;gLj;Jfpd;wJ. 
rpy xypfs; nrtpf;F ,dpikahfTk;> rpy xypfs; Nfl;gjw;F ,dpikaw;wjhfTk; ,Uf;fpd;wd. 
Mdhy; midj;J xypfSk; nghUl;fs; mjph; tiltjhNyNa cz;lhfpd;wd. ,t;tjph;Tfs; 
xU Clfj;jpd; topNa Mw;wyhf gutp ek; nrtpia milfpd;wd. kdpjdpd; nrtpfshy; xU 
Fwpg;gpl;l mjph;ntz; neLf;fk; kw;Wk; Mw;wy; nfhz;l xyp miyfis kl;LNk Nfl;Lzu 
KbAk;. xypapd; nrwpthdJ xU Fwpg;gpl;l msittplf; Fiwthf ,Ue;jhy; mt;nthypia 
ek; nrtpahy; Nfl;f ,ayhJ. xypapd; Rug;gz;Gk; (quality) xt;nthU xypf;Fk; ntt;Ntwhf 
,Uf;Fk;. ,it midj;jpw;Fk; fhuzk; vd;d? xypahdJ gy gz;Gfisg; ngw;wpUg;gNj 
,jw;fhd fhuzkhFk;. ,e;jg; ghlj;jpy; xyp cz;lhjy;> guTjy; kw;Wk; mtw;wpd; gy;NtW 
gz;Gfisg; gw;wp ehk; fw;Nghk;. NkYk; kPnahyp kw;Wk; mjd; md;whl tho;tpay; 
gad;fisAk; mwpNthk;.  
 
xypVw;gLjy; :  
ntt;NtW xyp %yq;fypUe;J Njhd;Wk; ntt;NtW xypfis ePq;fs; jpdKk; Nfl;fPwPh;fs;. 
mit vt;thW cz;lhfpd;wd vd;gijg; gw;wp rpe;jpj;jpUf;fpwPh;fsh? xyp vt;thW cz;lhfpwJ 
vd;gijg; Ghpe;J nfhs;s fPNo nfhLf;fg;gl;Ls;s nray;ghl;bidr; nra;J ghh;g;Nghk;.  
 
,irf;fitapd; Gaq;fis ,ug;gh; gl;ilapy; mbf;Fk; NghJ mJ mjph;tilfpwJ. ,irf; 
fitapd; Gaq;fs; mjph;tiltjhy; mUfpYs;s fhw;W %yf;$Wfs; mjph;tilfpd;wd. 
,t;thW mjph;Tfs; xypia cz;lhf;Ffpd;wd.  
 
xyp miyfs; guTjy;:  
xyp miyfs; gut Clfk; Njit 
xyp miyfs; guTtjw;F fhw;W> ePh; v/F Nghd;w nghUs;fs; Njit. xyp miyfs; 
ntw;wplj;jpy; gut KbahJ. ,jid kzpr;rhb Nrhjid %yk; tpsf;fyhk;.  
 
xU kpd;rhu kzp kw;Wk; xU kzpr;rhbia vLj;Jf; nfhs;Nthk;. kpd;rhu kzpahdJ 
fhw;Wg;Gfhj kzpr;rhbapDs; nghUj;jg;gl;Ls;sJ. [hbahdJ xU ntw;wplkhf;Fk; gk;Gld; 
,izf;fg;gl;Ls;sJ. kzpia xypf;fr; nra;Ak;NghJ> ehk; xypiaf; Nfl;fpNwhk;. 
ntw;wplkhf;Fk; gk;gpd; %yk; [hbapYs;s fhw;iw rpwpJ rpwpjhf ntspNaw;Wk;NghJ> xypapd; 
msT rpwpJ rpwpjhff; Fiwaj; njhlq;FfpwJ. fhw;iw Kw;wpYkhf ntspNaw;wpa gpwF xyp 
Nfl;gjpy;iy. FLitapDs; kPz;Lk; fhw;iwr; nrYj;jpdhy; xypahdJ kPz;Lk; Nfl;fj; 
njhlq;Fk;.  
 
xyp xU miy : 
xypahdJ xyp %yj;jpypUe;J xU Clfj;jpd; topNa Nfl;gthpd; nrtpiar; nrd;wilfpwJ. 
xU nghUs; mjph;tilak;NghJ mJ mjidr; Rw;wpAs;s Clfj;jpd; Jfs;fisAk; 
mjph;tilar; nra;fpwJ. Mdhy;> Clfj;jpd; Jfs;fs; ,lk;ngah;tjpy;iy. xyp %yj;jpypUe;J 
mjd; ghjpg;G kl;LNk ,yf;fpw;F vLj;Jr; nry;yg;gLfpwJ. nghUnshd;W mjph;tilak; NghJ> 
me;jg; nghUspw;F mUfpYs;s JfshdJ jdJ rkepiyg; Gs;spapypUe;J tpyf;fg;gLfpwJ. 
,j;Jfs; mUfpYs;s Jfs;kPJ xU tpiriar; nrYj;jp mjd; fhuzkhf mUfpYs;s Jfs; 
jdJ xa;T epiyapypUe;J efh;e;J nry;fpwJ. mUfpYs;s Jfis ,lg;ngah;r;rp milar; 
nra;j gpd;dh; Kjy; Jfs; jdJ gioa epiyia milfpwJ. xypahdJ ekJ nrtpia 
milAk; tiu ,e;epfo;thdJ njhlh;e;J eilngWk;. MfNt> xyp %yj;jpdhy; cUthFk; 
ghjpg;G kl;LNk nry;fpwJ. Mdhy; Jfs;fs; mNj epiyapy; jhd; cs;sJ Clfj;jpYs;s 
midj;Jj; Jfs;fSNk jq;fsJ rkepiyg; Gs;spapy; ,oe;J mjph;T vdg;gLk; Kd;Dk; 
gpd;Dkhd ,af;fj;ij Nkw;nfhs;fpd;wd. ,jdhy;> mjph;tdhJ Kd;Ndhf;fpr; nry;fpd;wJ. 
,t;thW Kd;Ndhf;fpr; nry;Yk; mjph;Nt miy vdg;gLk;.  
 
xyp miyfs; nel;liyfsh?  
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NkNy cs;s nray;ghl;by; fk;gpr; RUspd; xU rpy gFjpfspy; RUs;fs; neUf;fkhf 
cs;sijf; fz;Bh;fs;. ,g;gFjp neUf;fg;gFjp my;yJ mOj;jg;gFjp vdg;gLfpwJ. ,uz;L 
neUf;fq;fSf;fpilNa fk;gpr; RUs; tpyfp ,Uf;Fk; gFjp nefpo;Tg;gFjp vdg;gLk;. 
fk;gpr;RUs; mjph;TWk; NghJ neUf;fKk; (C) nefpo;Tk; (R) fk;gpr;RUspd; topNa efh;e;J 
nry;Yk;. ,t;thW neUf;fKk; nefpo;r;rpAkhfr; nry;Yk; miyfNs nel;liyfs; 
vdg;gLfpd;wd. nel;liys; Clfj;jpd; Jfs;fs; guTk; jpirf;F ,izahf Kd;Dk; 
gpd;Dkhf mjph;TWfpd;wd.  

 
Kd;Dk; gpd;Dkhf mjph;TWk; (nel;liyfs;) xypAk; xU nel;liyahFk;. Clfj;jpYs;s 
Jfs;fs; neUf;fKk; nefpo;r;rpAk; milAk; NghJjhd; mjd; topNa xyp miyfs; 
nry;yKbAK;. neLf;fk; vd;gJ Jfs;fs; mUfUNf ,Uf;Fk; gFjpahFk;. nefpo;T vd;gJ 
Fiwe;j mOj;jk; cs;s gFjp MFk;. mq;F> Jfs;sf; tpyfpNa ,Uf;Fk;. xyp vd;gJ 
ve;jputpay; nel;liyf;F xU cjhuzkhFk;. xU Clfj;jpy; xyp miyapd; nel;liyj; 
jd;ikia tpsf;FfpwJ.  
 
xyp miyapd; gz;Gfs;:  
tPr;R> mjph;ntz;> miyTf;fhyk;> miyePsk; kw;Wk; Ntfk; my;yJ jpirNtfk; Mfpa 
gz;Gfisf; nfhz;L xU xyp miyia KOikahf tiuaWf;f KbAk;.  
 
 
tPr;R (A):  
xyp miyahdJ> xU Clfj;jpd; topNa nry;Yk; NghJ> me;j Clfj;jpd; Jfs;fs; 
eLepiyg; Gs;spapypUe;J milAk; ngUk ,lg;ngah;r;rp tPr;R vdg;gLk;. mjph;TWk; nghUspd; 
tPr;R mjpfkhf ,Ue;jhy;> xyp cuj;j xypahfTk;> tPr;R Fiwthf ,Ue;jhy; mJ 
nkd;ikahd xypahfTk; ,Uf;Fk;. tPr;rhdJ A vd;w vOj;jhy; Fwpg;gplg; gLfpwJ. ,jd; SI 
myF kPl;lh; (kP) MFk;.  
 
mjph;ntz; (n):  
mjph;tilak; nghUs; xU nehbapy; Vw;gLj;Jk; mjph;Tfspd; vz;zpf;ifahdJ mjd; 
mjph;ntz; vdg;gLk;. ,J‘n’ vd;w vOj;jhy; Fwpg;gplg;gLfpwJ. mjpntz;zpd; SI myF 
n`h;l;]; (Hz) my;yJ nr-1 MFk;. 20 Hz Kjy; 20,000 Hz tiu mjph;ntzpfs; nfhz;l 
xyp miyfis kl;LNk kdpjdpd; nrtpfs; Nfl;Lzu KbAk;. 20 n`h;l;];f;Fk; Fiwthd 
mjph;ntz; nfhz;l xypfs; Fw;nwhypfs; vdg;gLk;. mjph;ntz; 20>000 Hz f;F mjpfkhd xyp 
kpifnahyp my;yJ kPnahyp vdg;gLk;. ,j;jifa xypfis ek; fhJfshy; czu KbahJ.  
 
miyTf;fhyk; (T): 
 
mjph;TWk; Jfs;> xU KOikahd mjph;tpw;F vLj;Jf; nfhs;Sk; fhyk; miyTf;fhyk; 
vdg;gLk;. ,JT vd;w vOj;jhy; Fwpf;fg;gLfpwJ. SI myF Kiwapy; ,jd; myF tpdhb. 
miyTf;fhyk; kw;Wk; mjph;ntz; Mfpait xd;Wf;nfhd;W vjph;tpfpjj;jpy; cs;sd.  
 
miy ePsk; (λ) 
 
mjph;TWk; Jfnshd;W> xU mjph;tpw;F vLj;Jf; nfhs;Sk; Neuj;jpy; Clfj;jpy; miy guTk; 
njhiyT miyePsk; vdg;gLk;. xU xyp miyapy; ,uz;L neUf;fq;fs; kw;Wk; nefpo;Tfspd; 
ikaq;fSf;F ,ilg;gl;l njhiyNt xU miyePsk; vdg;gLk;. miyePskhdJ>λ vd;w 
vOj;jhy; Fwpf;fg;gLfpwJ. ,jd; SI myF kPl;lh; MFk;.  
 
xypapd; jpirNtfk; my;yJ Ntfk; (V) 
xU tpdhb Neuj;jpy; xyp miy flf;Fk; njhiyT jpirNtfk; my;yJ Ntfk; vdg;gLk;. 
,jd; SI myF kP.tp-1 MFk;.  
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gy;NtW xypfis NtWgLj;Jjy;:  
 
xypfis fPo;f;fhZk; fhuzpfisf; nfhz;L xd;wpypUe;J kw;nwhd;whf NtWgLj;jyhk;.  

1. xyp cug;G kw;Wk; xypr;nrwpT  
2. RUjp  
3. juk;  

 
xypr;nrwpT:  
 
xNu mjpntz; nfhz;l ,uz;L xypfs; cug;Gg; gz;G %yk; NtWgLj;jg;gLfpd;wd. xU 
xypahdJ cuj;jjh my;yJ nkd;ikahdjh vd;gJ mjd; tPr;irg; nghWj;J mikAk;. xU 
Nkiria nkJthfj; jl;Lk;NghJ nkJthd Xir Nfl;Fk;. Vnddpy;> Fiwe;j tPr;Rila 
xypahdJ cz;lhfpwJ. Nkiria Ntfkhf mbf;Fk; NghJ cuj;j xyp Nfl;fpwJ. mjpf 
nrwpTila xypahdJ mjpf Mw;wiyg; ngw;wpUg;gjhy; mJ mjpf J}uk; nry;y KbAk;. 
xypahdJ mjd; %yj;jpypUe;J tphpe;J nfhz;Nl nry;tjhy; mjd; tPr;R Fiwe;J nfhz;Nl 
nry;Yk;. xNu mjph;ntz; nfhz;l nkd;ikahd kw;Wk; cuj;j xyp miyapd; tbtj;ij 
Fwpf;fpwJ.  
 

 
xypapd; cug;Gg; gz;ghdJ mjd; nrwpitr; rhh;e;jpUf;Fk;. XuyF fhyj;jpy; XuyF gug;gpd; 
topNa miy guTk; jpirf;F nrq;Fj;jhfr; nry;Yk; Mw;wypd; msT nrwpT vd 
tiuaWf;fg;gLfpwJ.  
 
Xhplj;jpy; Nfl;Fk; xypapd; nrwpthdJ fPo;f;fz;l fhuzpfisr; rhh;e;jpUf;Fk;.  
 
1. xyp %yj;jpd; tPr;R  
2. xyp %yj;jpw;Fk; Nfl;gtUf;Fk; ,ilNa cs;s njhiyT  
3. xyp %yj;jpd; gug;G  
4. Clfj;jpd; mlh;j;jp  
5. xyp %yj;jpd; mjph;ntz;  
 
xypapd; nrwpthdJ nlrpngy; (dB) vd;w myfhy; mstplg;gLfpwJ. njhiyNgrpiaf; fz;L 
gpbj;j mnyf;]hz;lh; fpu`hk; ngy; vd;gthpd; epidthf ,g;ngauhdJ toq;fg;gLfpwJ.  
 
RUjp :  
RUjp vd;gJ xU xypahdJ fdj;jjh my;yJ fPr;ryhdjh vd;gij mwpa cjTk; xypapd; 
gz;ghFk;. mjpf RUjp nfhz;l xypfs; fdj;jjhfTk; ,Uf;Fk;. ,uz;L ,irf; fUtpfshy; 
vOg;gg;gLk; xNu tPr;irf; nfhz;l ,uz;L xypfs; NtWgl;l mjpntz;fisf; nfhz;bUe;jhy;> 
mit xd;Wf; nfhd;W NtWgLfpd;wd. Fiwe;j RUjp kw;Wk; mjpf RUjp nfhz;l ,uz;L 
xypfisf; Fwpf;Fk; miyfs; fhl;lg;gl;Ls;sd.  
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,uz;L ntt;NtW ,irf;fUtpfshy; vOg;gg;gl;l> xNu khjphpahd cug;G kw;Wk; RUjpiaf; 
nfhz;l ,uz;L xypfis NtWgLj;Jtjw;F juk; vd;w gz;G gad;gLfpwJ. xNu xU 
mjph;ntz;izf; nfhz;l xypahdJ njhdp (tone) vdg;gLfpwJ. gy;NtW njhdpfspd; 
njhFg;G ,irf;Fwpg;G (note) vdg;gLfpwJ Ruk; (Timre) vd;gj njhdp vd;gij NtWgLj;jf; 
$ba gz;ghFk;.  
 
xypapd; Ntfk;:  
kPl;rpj; jd;ik nfhz;l Clfj;jpd; topNa guTk; nghOJ> xypahdJ XuyF fhyj;jpy; fle;j 
njhiyNt xypapd; Ntfk; vd;W tiuaWf;fg;gLfpwJ.  

  Ntfk; (v) =
fle;j njhiyT

fhyk;
 

xU miyahdJ fle;j njhiyT xU miy ePsk; (λ) vdTk;> mJ guTtjw;F vLj;Jf; 
nfhz;l fhyk; miyTf;fhyk; (T) vdTk; nfhz;lhy;.  

 Ntfk; (v)=
( )

( )T

xU miyesP k;

xU miyTf; fhyk; 
 (m) v

T


=  

   T = 
n

1
vd;gjhy; v = nλ 

Clfj;jpd; gz;Gfs; khwhky; ,Uf;Fk; NghJ> midj;J mjph;ntz;fisf; nfhz;l xypfspd; 
NtfKk; xd;whfNt ,Uf;Fk;.  
 
xU xyp miyapd; mjph;ntz; 2 fpNyh n`h;l;]; kw;Wk; miyePsk; 5 nr.kP vdpy; 1.5 fp.kP 
J}uj;ijf; flf;f> mJ vLj;Jf; nfhs;Sk; fhyk; vd;d?  
jPh;T:  

Ntfk;>v = nλ 
,q;F>n = 2 fpNyh n`h;l;]; = 2000 n`h;l;];  

   λ = 15 nr.kP = 0.15kP 
   v = 0.15 × 2000 = 300 kPnr-1 

 Ntfk; (v) = 
( )

( )

d

d

fle;j njhiyT

fhyk; 
 

   = 
1500

300
= 5 tp  

 
xypahdJ1.5 fp.kP njhiyitf; flf;f 5 tpdhbfs; MFk;.  
 
20ºC ntg;gepiyapy; 22 nkfh n`h;l;]; mjph; ntz; nfhz;l xypapd; miy ePsk; vd;d?  
 
jPh;T:  
 λ= v/n  
 ,q;Nf>v = 344 ms-1 
 n = 22 MHz = 22 × 106 Hz 
 λ = 344 / 22 × 106 = 15.64 ×10-6 m = 14.64 µm 
 
gy;NtW Clfq;fspy; xypapd; Ntfk;:  
xypahdJ xU Clfj;jpd; topNa xU Fwpg;gpl;l Ntfj;jpy; guTfpwJ. thdj;jpy; kpd;dy; 
Njhd;wp ,b ,bf;Fk; NghJ> KjyhtJ kpd;diyf; fhz;fpNwhk;. gpwFjhd; ,b Xiriaf; 
Nfl;fpNwhk;. MfNt xypahdJ xspiatpl kpff; Fiwthd Ntfj;jpNyNa nry;fpwJ vd;gij 
ehk; mwpayhk;. xypapd; NtfkhdJ> mJ gazpf;ff;$ba Clfj;jpd; gz;igg; nghWj;Nj 
cs;sJ.  
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xypapd; NtfkhdJ> jplg;nghUistpl thAtpy; kpff; Fiwthf ,Uf;Fk;. ve;jnthU 
Clfj;jpYk; ntg;gepiy mjpfhpf;Fk; NghJ xypapd; NtfKk; mjpfhpf;Fk;. cjhuzkhf> 
fhw;wpy; 0°C ntg;gepiyapy; xypapd; Ntfk; 330 kPtp-1 MFk;. NkYk; 25°C ntg;gepiyapy; 
34kPtp-1 MFk;. xU Fwpg;gpl;l ntg;gepiyapy; ntt;NtW Clfj;jpy; xypapd; Ntfk; 
nfhLf;fg;gl;Ls;sJ.  
 
25°C ntg;epiyapy; ntt;NtW Clfj;jpy; xypapd; Ntfk;  
 

epiy Clfk;  Ntfk; (kP tp-1) 
jplg;nghUs;fs;  mYkpdpak; 6420 
 epf;fy; 6040 
 v/F  5960 
 ,Uk;G  5950 
 gpj;jis 4700 
 fz;zhb 3980 
jputq;fs;  ePh; (fly; ePH;) 1531 
 ePh; (J}a ePh;)  1498 
 vj;jdhy; 1207 
 nkj;jdhy;  1103 
thAf;fs;  i`l;u[d;  1284 
 `Pypak; 965 
 fhw;W  340 
 Mf;]p[d; 316 
 fe;j il Mf;i]L 213 
 
xypahdJ fhw;iwtpl 5 klq;F Ntfkhf ePhpy; gazpf;Fk;. fly; ePhpy; xypapd; Ntfk; kpf 
mjpfkhf (mjhtJ 5500 fp.kP / kzp) ,Ug;gjhy;> fly; ePUf;Fs; Mapuk; fpNyh kPl;lh; 
njhiytpy; ,Uf;Fk; ,uz;L jpkpq;fpyq;fs; xd;Wld; xd;W vspjpy; Ngrpf; nfhs;s KbAk;.  
 
xyp vjpnuhypj;jy;:  
 
xU ,ug;gh; ge;J Rtw;wpy; gl;L gpujpgypg;gJ Nghy; xypahdJ jplg;nghUs; my;yJ jputj;jpd; 
kPJ gl;L gpujpgypf;Fk;. xyp vjpnuhypg;gjw;F>totog;ghd my;yJ nrhunrhug;ghd xU nghpa 
gug;G Njitg;gLfpwJ. vjpnuhypj;jy; tpjpfshtd:  
 

• xypahdJ xU Gs;spapy; Vw;gLj;Jk; gLNfhzKk; mJ vjpnuhypf;Fk; NfhzKk; 
rkkkhf ,Uf;Fk;.  

• xyp gLk; jpir> vjpnuhypf;Fk; jpir kw;Wk; mg;Gs;spapy; tiuag;gl;l nrq;Fj;Jf;NfhL 
Mfpait xNU jsj;jpy; mikfpd;wd.  

 
gyKiw vjpnuhypj;jypd; gad;fs;:  
,irf; fUtpfs;:  
 
Foy;ngUf;fp> xypngUf;fp> Foy;fs;> ehj];tuk;> nrdha;> jhiu Nghd;w ,irf; 
fUtpfs;ahTk; xypahdJ xU Fwpg;gpl;l jpirapy; guTk; tifapy; tbtikf;fg;gl;Ls;sd. 
,f;fUtpfspy; xU Fohapidj; njhlh;e;J xU $k;G tbt mikg;ghdJ xypiag; 
ngUf;fkilar; nra;J Nfl;gtiu Nehf;fp Kd;Ndwpr; nry;YkhW mikf;fg;gl;Ls;sJ.  
 
,jaj;Jbg;gstp (Stethoscope):  
,jaj;Jbg;gstp vd;gJ xU kUj;Jtf; fUtpahFk;. ,J clypy; cz;lhFk; xypfisf; 
Nfl;f cjTfpwJ. clypy; Njhd;Wk; xypahdJ> ,f;fUtpapy; cs;s ,izg;Gf; Fohapy; 
gyKiw vjpnuhypg;gile;J> kUj;Jthpd; nrtpia milfpwJ.  
 
vjpnuhyp:  
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caukhd fl;lq;fs;> kiyfs; Nghd;w vjpnuhypf;Fk; gug;Gfspd; mUNf epd;W 
ifjl;bdhNyh my;yJ Fuy; vOg;gpdhNyh rpwpJ Neuk; fopj;Jk; mjid ehk; kPz;Lk; 
Nfl;FKbAk;. ,e;j xypahdJ vjpnuhyp vdg;gLfpwJ.  
 
xU tpdhbapy; gj;jpy; xU gq;F fhyj;jpw;F xypahdJ njhlh;e;J %isapy; 
czug;gLfpwJ. vdNt> vjpnuhypf;fg;gl;l xypia njspthff; Nfl;f Ntz;Lnkdpy; xyp 
kw;Wk; vjpnuhypf;F ,ilg;gl;l fhyk; Fiwe;jJ 0.1 tpehbahf ,Uf;f Ntz;Lk;. xU 
Fwpg;gpl;l ntg;gepiyapy; xypapd; Ntfk; 340 kPtp-1 vdf; fUJNthk;. xypahdJ 
%yj;jpypUe;J nrd;W> jilgl;L> vjpnuhypj;J 0.1 tpdhbf;Fg; gpwF Nfl;gtiu milfpwJ. 
vdNt> xyp gazpj;j nkhj;j njhiyT 340 kPtp-1×0.1 tp = 34 kP  

 
xUth; jdJ Jg;ghf;fpiar; Rl;l 5 tpdhbf;Fg; gpwF 
jPh;T:  
njhiyT(d) = Ntfk; (v)×fhyk; (t) 
Kjy; Kiw RLk;lNghJ xyp fle;j njhiyT>2d = v × 5 
,uz;lhtJ Kiw RLk;NghJ xyp fle;j njhiyT>2d – 620 = v × 3  
rkd;ghL 2 I khw;wp vOjpdhy;> 
  2d = (v × 3) + 620  
rkd;ghL 1 kw;Wk; 3 ypUe;J>5v = 3v + 620 
   2v = 620  
xypapd; jpirNtfk;, v = 310 kP/tp-1 
 

vjph; Kof;fk;:  
 
nghpa miwfspy; Vw;gLj;jg;gLk; xypahdJ> miwapd; Rth;fspy; gl;L kPz;Lk; vjpnuhypg;G 
mile;J mjd; Nfl;Fk; jd;ik RopahFk; tiu ePbj;jpUf;Fk;. gd;Kf vjpnuhypg;gpd; 
fhuzkhf> xypapd; Nfl;ly; ePbj;jpUf;Fk; jd;ik vjph; KOf;fk; vdg;gLk;  
fiyauq;fk;> nghpa miwfs;> jpiuauq;fk;> xypg;gjpTf;$lq;fs; Nghd;wtw;wpy; Vw;gLk; 
mjpfkhd vjph; Kof;fk; tpUk;gj;jf;fJ my;y. Vnddpy; ,iria urpf;fNth> Ngr;ir 
njspthff; Nfl;fNth ,ayhJ. vjph; Kof;fj;ijf; Fiwg;gjw;F fiyauq;fj;jpd; 
Nkw;$iu> Rth;fs; Nghd;wit xypia cl;ftUk; jd;ik nfhz;l nghUs;fshyhd 
mKf;fg;gl;l ehh; ml;il> jpiur;rPiyfs;> gpsh];lh; Nghd;w nghUs;fshy; %lg;gl;bUf;Fk;. 
ghh;itahsh;fs; mkUk; ,Uf;iffSk; xypia cl;ftUk; gz;gpd; mbg;gilapNyNa 
njhpT nra;ag;gLfpd;wd. ,jdhy;> kpff; Fiwe;j xypNa gpujpgypg;G milfpwJ. 
muq;fq;fs;> epfo;r;rp miwfs; kw;Wk; jpNal;lh;fis tbtikf;Fk; NghJ ,e;j fhuzq;fs; 
fUj;jpy; nfhs;sg;gLfpd;wd.  
 
kPnahyp:  
20>000 n`h;l;];f;Fk; mjpfkhd mjph; ntz;izf; nfhz;l xyp miyfs; kPnahyp 
miyfs; vdg;gLfpd;wd. ,e;j miyfis kdpj nrtpfshy; czuKbahJ. Mdhy;> 
tpyq;Ffs; ,tw;iwf; Nfl;LzuKbAk;. cjhuzkhf> ehahy; kPnahyp miyfisf; 
Nfl;fKbAk;. rhiyfspd; eLNt XbtUk; khd;fs;> thfdj;jpw;F Kd;ghf gha;e;J 
tplhjgbf;F> kPnahyp miyfisf; nfhz;l xypg;ghd;fs; thfdq;fspy; 
gad;gLj;jg;gLfpd;wd.  
 
kPnahyp miyfspd; Kf;fpakhd gad; vd;dntd;why;> ,it kdpj clypd; cWg;Gf;fis 
Muha;tjw;Fg; gad;gLfpd;wd. kPnahyp miyfis clypDs; nrYj;jk;NghJ> mit 
cly; cWg;Gfs; kw;Wk; vYk;Gfspy; gl;L vjpnuhypf;fpd;wd. ,e;j miyfs; 
fz;lwpag;gl;L> Muha;g;gl;L fzpdpapy; Nrkpf;fg;gLfpd;wd. ,t;thW ngwg;gLk; tiu 
glj;jpw;F vjpnuhyp MotiuT (Echogram)vd;W ngah;. ,J kUj;Jt Ma;Tfspy; 
gad;gLfpd;wJ. fly; fz;fhzpg;gpYk; kPnahyp miyfs; gad;gLfpd;wd.  
 



 

63 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

kPnahypapd; gad;fs;:  
 
• kPnahyp miyfs; J}a;ikahf;Fk; njhopy; El;gj;jpy; gad;gLfpd;wd. nghUs;fspd; kPJs;s 

kpfr; rpwpa Jfs;fis ePf;Ftjw;F> mg;nghUs;fs; kPnahyp nry;Yk; jputj;jpDs; itj;J 
J}a;ikg; gLj;jg;gLfpwJ.  

• cNyhfg; gl;ilfspYs;s ntbg;G kw;Wk; Fiwfis kPnahyp miyfisf; nfhz;L 
fz;lwpayhk;. 

• kPnahyp miyfs; ,jaj;jpd; gy;NtW gFjpfspypUe;J vjpnuhypf;fg;gl;L ,jaj;jpd; 
gpk;gj;ij Vw;gLj;Jfpd;wd. ,j;njhopy; El;gj;jpw;F kPnahyp ,ja tiutp vd;W ngah;.  

• kPnahyp miyfisf;nfhz;L rpWePufj;jpYs;s fw;fis rpWrpW Jfs;fshf cilf;f 
KbAk;. gpd;dh; mit rpWePh; topahf ntspNaw;wg;gLfpd;wd.   

 
Nrhdhh; (Sonar):  
 
Nrhdhh; (SONAR) vd;w nrhy;ypd; tphpthf;fk; Sound Navigation and Ranging vd;gjhFk;. 
Nrhdhh; vd;w fUtpahdJ kPnahyp miyfisr; nrYj;jp ePUf;F mbapYs;s nghUs;fspd; 
J}uk;> jpir kw;Wk; Ntfk; Mfpatw;iwf; fzf;fpl gad;gLfpwJ. ,jpy; kpnahypfisg; 
gug;gf;$ba rhjdKk;> kPnahypfis czuf;$ba czh;tpAk; cs;sd. mit glF kw;WK; 
fg;gy;fSf;F mbapy; nghWj;jg;gl;Ls;sd. gug;gpahdJ kPnahypfis cUthf;fp gug;Gfpd;wJ. 
,t;tiyfs; ePUf;Fs; gazpj;J> flypd; mbj;jsj;jpy; cs;s nghUl;fspd; kPJ (mjhtJ 
fly; gLif> kPd;fspd; $l;lk;) gl;L> vjpnuhypg;gile;J kPz;Lk; tUk;nghOJ czh;tpapdhy; 
czug;gLfpd;wd. czh;tpahdJ kPnahypfis kpd;rhu iriffshf khw;wkilar; 
nra;fpd;wJ. mtw;wpypUe;J jfty;fs; ngwg;gLfpd;wd. ePHpy; xypapd; jpirNtfk; kw;Wk; 
gug;gg;gl;l xypf;Fk;> ngwg;gl;l vjpnuhypf;Fk; ,ilNa cs;s fhy ,ilntsp Mfpatw;iwf; 
fzf;fpl;L> mjd; %yk; ePUf;Fs;spUe;J kPnahyp miyfis vjpnuhypj;j nghUspd; 
njhiyitf; fzf;fplyhk;.  
 
gug;gg;gl;l kw;Wk; ngwg;gl;l kPnahyp miyfSf;F ,ilNaahd fhy ,ilntspia 't' 
vdTk;> ePhpd; Ntfj;ij 'v' vdTk; nfhz;lhy;> kPnahypahdJ fle;j njhiyT 2d /t = v 
MFk;.  
 
,t;thW nghUs;fspd; njhiyitf; fz;lwpAk; Kiw vjpnuhyp neLf;fk; (echo-ranging) 
vdg;gLk;. flypd; Moj;ij mwpaTk;> ePUf;F mbapy; mike;Js;s kiyfs;> Fd;Wfs;> 
ePh;%o;fpf; fg;gy;fs; kw;Wk; gdpg;ghiwfs; Mfpatw;iw ,lk; fz;lwptjw;Fk; ,e;j 
KiwahdJ gad;gLfpd;wJ.  
 
xU fg;gypypUe;J mDg;gg;gLk; kPnahypahdJ flYf;F mbapYs;s nghUspd; kPJ 
vjpnuhypf;fg;gl;L 3.42 tpdhbf;Fg; gpwF  
 
•  
 
fzf;fPL 4:  
xU fg;gypypUe;J mDg;gg;gLk; kPnahypahdJ flYf;F mbapYs;s nghUspd; kPJ 
vjpnuhypf;fg;gl;L 3.42 tpdhbf;Fg; gpwF kPz;Lk; te;jilfpwJ. fly; ePhpy; kPnahypapd; Ntfk; 
1531 vdpy; fg;gypypUe;J flypd; mbg;gFjp tiu cs;s njhiyT vt;tsT?  
 
jPh;T:  
kPnahyp fle;j njhiyT = 2 ×flypd; Mok;  
njhiyT= Ntfk; × Neuk; vd;gjhy;> 
  2d = Ntfk; × Neuk;  

   
5236

2618
2

d = = kP 

MfNt> fg;gypypUe;J flypd; Mok; = 2618 kP my;yJ 2.618 fp.kP  
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kpd; xyp ,ja tiuglk; (ECG): 
kpd; xyp ,ja tiuglk; vd;gJ ,jaj;ijg; gw;wp mwpe;J nfhs;tjw;fhd vspa kw;Wk; 
goikahd KiwahFk;. ,J ,jaj;ijg; gw;wp mNef jfty;fis mspf;fpd;wJ. NkYk; ,ja 
Nehahspfisg; gw;wpa Ma;tpd; kpf Kf;fpakhd gFjpahfTk; ,J cs;sJ. ,k;Kiwapy;> 
,jaj;jpypUe;J ngwg;gLk; xypahdJ> kpd; rpf;dy;fshf khw;wg;gLfpd;wd. vdNt ECG vd;gJ> 
Neuj;ijg; nghWj;J khwf;$ba ,jaj; jirfspd; kpd;rhu nray;ghLfisf; Fwpg;gjhFk;. 
nghJthf> gFg;gha;T nra;tjw;fhf> jhs;fspd; kPJ ,it mr;rplg;gLfpd;wd. ,jaj;jpd; 
nray;ghLfis xUrpy epkpl Neu ,ilntspapy; ngUf;fkilar; nra;J> gjpT nra;Ak; 
KiwNa ECG vdg;gLk;.  
 
nrtpapd; mikg;G:  
 
ehk; vt;thW xhpiaf; Nfl;fpNwhk;? nrtp vdg;gLk; kpf Ez;zpa czh; cWg;gpd; %yk; ehk; 
xypiaf; Nfl;fpNwhk;. Nfl;ff;$ba mjph;ntz;fisf; nfhz;l fhw;wpdpy; Vw;gLk; mOj;j 
khWghLfis kpd;rhu iriffshf khw;Wtjw;F ,it cjTfpd;wd. ,e;j iriffs;> fhJ 
euk;Gfs; topNa %isiar; nrd;wilfpd;wd. nrtpahdJ xypiaf; Nfl;Fk; tpjkhdJ fPNo 
tpsf;fg;gl;Ls;sJ.  
 
nrtpapd; ntspg;gFjp nrtpkly; vd;W miof;fg;gLfpwJ. ,J Rw;Wg;Gwj;jpypUe;J xypiar; 
Nrfhpf;fpd;wJ. Nrfhpf;fg;gl;l xypahdJ> ntspr; nrtpf; Foha; %yk; nrtpf;F cs;Ns 
nry;fpwJ. ntspr; nrtpf; Fohapd; Kbtpy;> nrtpg;giw (Tympaic membrane) cs;sJ. fhw;W 
Clfj;jpy; xU neUf;fkhdJ cz;lhFk;NghJ> nrtpg;giwapd; ntspg;gFjpapYs;s 
mOj;jkhdJ mjpfhpj;J> nrtpg;giwahdJ cl;Gwk; js;sg;gLfpwJ. mJNghyNt> fhw;W 
Clfj;jpy; xU nefpo;r;rp cz;lhFk; NghJ> nrtpg;giwahdJ. ntspg;Gwk; js;sg;gLfpwJ. 
,t;thwhf nrtpg;giwahdJ mjph;tilfpd;wJ. ,e;j mjph;thdJ> eLr;nrtpapYs;s %d;W 
vYk;Gfshy; (Rj;jp> gl;il kw;Wk; mq;ftb) gyKiw ngUf;fkilfpwJ. xyp miyapypUe;J 
ngwg;gl;L ngUf;fkile;j mOj;jNtWghlhdJ> eLr;nrtpypUe;J cl;nrtpf;Ff; 
flj;jg;gLfpwJ. cl;nrtpapDs; flj;jg;gl;l mOj;jNtWghlhdJ> fhf;ypah (Cochlea) %yk; 
kpd;iriffshf khw;wg;gLfpd;wJ. ,e;j kpd; iriffs; fhJ euk;G topNa %isf;F 
nrYj;jg;gLfpd;wd. %isahdJ mtw;iw xypahf czh;fpd;wJ.  
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9. mz;lk; 
 
 

mwpKfk;: 
 
thdpay; fUtpfs; fz;Lgpbf;fg;gLtjw;F Kd; ek; Kd;Ndhh;fs; mz;lj;jpYs;s nghUs;fs; 
midj;jpw;Fk; G+kpNa ikakhf cs;sJ vd;W fUjpdh;. ,jw;F Gtpika khjphp vd;W ngah;. 
fpNuf;f thdpayhsh; jhykp (2Mk; E}w;whz;L) kw;Wk; ,e;jpa thdpayhsh; Mhpagl;lh; (2 Mk; 
E}w;whz;L) cs;spl;l mf;fhyj;jpypUe;j gy thdpayhsh;fSk; ,e;j khjphpia ek;gpdh;. 
gpd;dh;> Nghye;J ehl;ilr; Nrh;e;j thdpayhsh; epNfhy]; Nfhgh;epf]; vd;ghh; tpz;ntspiaf; 
$h;e;J Nehf;fp #hpaika khjphpia ntspapl;lhh;. ,jd;gb> #hpa kz;lyj;jpd; ikaj;jpy; 
#hpad; mike;Js;sJ. 1608-nejh;yhe;jpy; njhiyNehf;fpahdJ fz;Lgpbf;fg;gl;lgpd; 
thdpaypy; xU Gul;rp Vw;gl;lJ. ,g;ghlj;jpy;> mz;lj;jpd; fl;LWg;Gfs;> nfg;shpd; ,af;f 
tpjpfs;> nraw;iff; Nfhs;fspd; Rw;Wf;fhyk; kw;Wk; gd;dhl;L tpz;ntsp ikak; 
Mfpatw;iwg; gw;wp fhz;Nghk;.  
 
mz;lj;jpd; fl;LWg;Gfs;: 
 
Nfhbf;fzf;fhd tpz;kPd;fis csslf;fpa> xsp tPf;$ba tpz;kPd; jpus;fNs mz;lj;jpd; 
mbg;gilf; $WfshFk;. Gtp> Nfhs;fs;> tpz;kPd;fs;> thd;ntsp kw;Wk; tpz;kPd; jpws;fs; 
Mfpa midj;ijAk; cs;slf;fpa mikg;Ng mz;lk; MFk;. ,jpy; gUg;nghUs;fs;> Mw;wy; 
kw;Wk; fhyk; cs;spl;l midj;Jk; mlq;Fk;l. ,e;j mz;lk; vt;tsT nghpaJ vd;W 
vtUf;FNk njhpahJ. mJ vy;iyaw;wjhf ,Uf;fyhk;.  
 
gUg;nghUs;fs;> Mw;wy; kw;Wk; fhyk; cs;spl;l midj;Jk; mlq;Fk;. ,e;j mz;lk; vt;tsT 
ngupaJ vd;W vtUf;FNk njupahJ. mJ vy;iyaw;wjhf ,Uf;fyhk;. jq;fshy; ghu;f;f 
Kbe;jij itj;J mz;lj;jpd; msit mwptpayhsh;fs; fzpf;fpd;wdh;. ,jw;F ghu;f;f $ba 
mz;lk; 93 gpy;ypad; xsp Mz;Lfs; msT nfhz;lJ (1 xsp Mz;L ®9.4607ù1012fpkP> xU 
Mz;L fhyj;jpy; xsp nry;Yk; njhiyT). 
 

mz;lj;ijg; gw;wp Mu;tj;ijj; J}z;lf;$baJ vd;dntd;why;> mJ jw;NghJ tpuptile;J 
nfhz;bUf;fpwJ vd;gNj mz;lkhdJ NkYk; NkYk; ngupjhfpf; nfhz;Nl tUfpd;wJ. mJ 
kl;Lky;y> mz;lj;jpd; vy;iy kpf Ntfkhf tpuptile;J nfhz;Nl ,Uf;fpwJ. ,Ug;gpDk;> 
mz;lj;jpd; ngUk;gFjp ntw;wp;lkhfNt cs;sJ. mz;lj;jpYs;s midj;J mZf;fisAk; 
xd;W Nru;j;jhy; jw;NghJs;s mz;lj;jpy; ntWk; ehd;F rjtPjk; kl;LNk tUk;. mz;lj;jpd; 
ngUk;gFjp ,Uz;l nghUs; (dark matter) kw;Wk; ,Uz;l Mw;wyhfNt ( dark energy) 
cs;sJ. 

 
mz;lj;jpd; taJ (tho;ehs;) 

 
xU khngUk; ntbg;gpypUe;Jjhd; mz;lk; Njhd;wpaJ vd;W mwptpayhu;fs; fUJfpd;wdu;. 
,f;nfhs;ifapd;gb> mz;lj;jpYs;s midj;Jg; nghUs;fSk; mjpf mlu;j;jp nfhz;l xu; 
gUg;nghUspy; nrwpe;jpUe;jd. Vwj;jho 13.7 gpy;ypad; Mz;LfSf;F Kd;dhy; xU 
ngUntbg;G Vw;gl;L tpz;kPd; jpus;fspd; tbtpy; midj;Jg; nghUs;fSk; midj;Jj; 
jpirfspYk; ntbj;Jr; rpjwpd. mz;lj;jpYs;s midj;Jg; nghUs;fSk; ngUntbg;gpd; NghJ 
Njhd;wpa> mbg;gilr; jdpkq;fshd i`l;u[d; kw;Wk; P̀ypak; Mfpatw;why; Mdit ehk; 
Rthrpf;Fk; Mf;rp[d;> ek; clypy; cs;s fhu;gd;> fhy;rpak; kw;Wk; ,Uk;G> fzpdpr; 
rpy;Yfspy; (chips) gad;gLk; rpypf;fhd; cs;spl;l Vida jdpkq;fs; midj;JNk 
tpz;kPd;fspd; cs;slf;fj;jpy; cs;sd. tpz;kPd;fs; midj;ijAk; xd;whf ,izf;Fk; <h;g;G 
tpirjhd; ,j;jdpkq;fs; midj;JAk; mtw;wpDs;Ns <u;j;J itj;Js;sJ. ,e;j tpz;kPd;fs; 
ntbj;Jr; rpjWk; NghJ> mtw;wpDs;Ns ,Uf;Fk; jdpkq;fs; ntspaplg;gLfpd;wd.  
 
tpz;kPd; jpus;fs; 
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 ngUntbg;G epfo;e;j clNdNa <u;g;G tpirapdhy; thANkfq;fs; ahTk; <u;f;fg;gl;L 
tpz;kPd; jpus;fspd; fl;LWg;Gfis cUthf;fpd. tpz;kPd; jpus;fs; fl;LWg;Gfis 
cUthf;fpd. tpz;kPd; jpus; vd;gJ thA> J}R> Nfhbf;fzf;fhd tpz;kPd;fs; kw;Wk; #upa 
kz;lyq;fs; Mfpatw;iw cs;slf;fpa jpuz;lnjhU mikg;G MFk;. ,e;j ghu;f;ff;$ba 
mz;lj;jpy; Rkhu; E}W gpy;ypad; (1011) tpz;kPd; jpus;fs; cs;sd vd;W mwptpayhsu;fs; 
fUJfpd;wdu;. tpz;kPd; jpus;fs; midj;Jk; gy tbtq;fspy; cs;sd. mtw;wpd; tbtj;ijg; 
nghWj;J mit RUs; jpus;> ePs;tl;lj; jpus; kw;Wk; tbtkw;w jpus; vd 
tifg;gLj;jg;gLfpd;wd. tpz;kPd;jpus;fs; jdpahfNth> ,ul;ilahfNt> njhFjpahfNth 
(cluster) ngUe;njhFjpahfNth (supercluster) fhzg;gLfpd;wd. njhFjpahfTs;s jpus;fs; 
xd;Nwhnlhd;W nray;tpid GuptJld; rpy Ntisfspy; ,izaTk; nra;fpd;wd. 
 
 #upad; kw;Wk; #upa kz;lyj;jpYs;s Nfhs;fs; midj;Jk; ghy;ntsp tPjp tpz;kPd; 
jpuspy; cs;sd. ghy;ntsp tPjpiaj; jtpu gy tpz;kPd; jpus;fs; cs;sd. ekf;F mUfpy; 
cs;s mLj;j tpz;kPd; jpuspd; ngau; mz;bNuhkPlh tpz;kPd; jpus;. ghy;ntsp tPjp tpz;kPd; 
jpus; Rus; tbitf; nfhz;lJ. Thdpy; xU ghy;tz;zg; gl;il Nghd;W fhzg;gLtjhy; mJ 
ghy;ntsp tPjp vdg; ngau; ngw;wJ. mjpy; Rkhu; 1>00 gpy;ypad; tpz;kPd;fs; cs;sd. NkYk; 
mjd; tpl;lk; 1>00>000 xsp Mz;Lfs; MFk;. Mjd; ikaj;jpypUe;J Rkhu; 25>000 xsp 
Mz;Lfs; njhiytpy; ek; #upa kz;lyk; cs;sJ. G+kp #upaidr; Rw;wp tUtijg; Nghy> 
ekJ tpz;kPd; jpuspd; ikaj;ijr; Rw;wp tu #upad; 250 kpy;ypad; Mz;Lfs; vLj;Jf; 
nfhs;fpwJ. 
 
 ekf;F mUfhikapy; cs;s mz;bNuhkPlh tpz;ntspj; jpuspd; njhiyT 2.5 
kpy;ypad; xsp Mz;Lfs; MFk;. G+kp ,aq;Fk; Ntfj;jpy; (mjhtJ 30 fpkP / tp) ehk; 
nrd;why;$l mijr; nrd;wila 25 gpy;ypad; Mz;Lfs; Njitg;gLk;. 
 
tPz;kPd;fs; 
 
 tpz;kPd; jpus;fspd; mbg;gilf;fl;LWg;Gfs; tpz;kPd;fshFk;. ngUntbg;gpy; tpz;kPd; 
jpus;fs; cUthd NghNj mitAk; Njhd;wpd. ntg;gk;> xsp> Gw Cjhf; fjpu;fs;>X-fjpu;fs; 
cs;spl;l gy fjpu;tPr;Rfis tpz;kPd;fs; cUthf;Ffpd;wd. mit thA kw;Wk; gpsh];kh 
(mjpf #Nlw;wg;gl;l gUg;nghUs; epiy) Mfpatw;iw mjpfkhf cs;slf;fpait MFk;. 
tpz;kPd;fs; midj;Jk; i`l;u[d; thAthy; epuk;gpAs;sd. ,e;j i`l;u[d; mZf;fs; ahTk; 
,ize;J `Pypak; mZf;fs; cUthFk; NghJ kpf mjpf mstpy; ntg;gk; ntspahfpd;wJ. 
xU ,Uz;l ,utpy; Rkhu; 3>000 tpz;kPd;fis ekJ  fz;fs; %yk; ek;khy; fhz KbAk;. 
nkhj;jkhf vt;tsT tpz;kPd;fs; tpz;ntspapy; cs;sd vd;gJ ekf;Fj; njupahJ. ekJ 
mz;lj;jpy; 100 gpy;ypad; tpz;kPd; jpus;fs; cs;sd: xt;nthd;wpYk; 100 gpy;ypad; 
tpz;kPd;fSf;Fk; mjpfkhd tpz;kPd;fs; ,Uf;fyhk;. 
 
tpz;kPd;fs; jdpahf ,Ug;gJ Nghy; Njhd;wpdhYk;> ngUk;ghYk; mit ,ize;Nj 
fhzg;gLfpd;wd. xU tpz;kPd; ve;jstpw;F ntspf;fkhfj; njupfpwJ vd;gJ fhzg;gLfpd;wd. 
xU tpz;kPd; ve;jstpw;F ntspr;rkhfj; njhpfpwJ vd;gJ mtw;wpd; nrwpitAk;> G+kpapypUe;J 
mtw;wpd; njhiyitAk; nghWj;Nj cs;sJ. ntg;g epiyiag; nghWj;Jk;> tpz;kPd;fs; 
ntt;NtW tz;zq;fspy; Njhd;wyhk;. ntg;gkhd tpz;kPd;fs; ntz;ikahfNth my;yJ 
ePykhfNth Njhd;Wk; mstpYk; tpz;kPd;fs; NtWgLfpd;wd.  
 
xU rpy tpz;kPd;fs; FOf;fshf ,ize;J xU mikg;gpid tpz;ntspapy; Vw;gLj;Jfpd;wd. 
mit> xU tpyq;fpidNah> flTisNah my;yJ vjhtJ xU nghUisNah Fwpf;fyhk;. 
,g;gbg;gl;l tpz;kPd;fspd; FOf;fs; el;rj;jpuf; $l;lq;fs; (Constellations) vdg;gLfpd;wd. 
gy;NtW ehLfspYs;s kf;fs; gy;NtW tbtKs;s el;rj;jpuf; $l;lq;fis milahsk; 
fz;lwpe;Js;sdh;. mt;thW Vw;Wf; nfhs;sg;gl;l el;rj;jpuf; $l;lq;fs; 88 cs;sd. 
Ml;Lf;flh> kpJdk;> rpq;fk;> #hpad;> Njs; kw;Wk; NfrpNahgpah Nghd;wit xU rpy 
el;rj;jpuf;$l;l tbtq;fshFk;.  
 
#hpa kz;lyk;:  
 
#hpad; kw;Wk; mijr; Rw;wp tUk; thd; nghUs;fs; midj;Jk; Nrh;e;jNj #hpa kz;lykhFk;. 
mjpy; Nfhs;fs;> thy; tpz;kPd;fs;> rpWNfhs;fs; kw;Wk; tpz;fw;fs; cs;spl;l gy nghUs;fs; 
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mlq;Fk;. #hpaDf;Fk; mg;nghUs;fSf;Fk; ,ilNa cs;s <h;g;G tpirapdhy; mit 
#hpaidr; Rw;wp tUfpd;wd.  
 
#hpad;:  
 
#hpad; xU eLj;ju msTila tpz;kPd;. mJ kpf mjpf ntg;gKs;s> Rod;W nfhz;bUf;ff; 
$ba thAg; ge;J MFk;. mjd; Kf;fhy; gFjp i`bu[d; thAthYk;> fhy; gFjp `Pypak; 
thAthYk; epuk;gpAs;sJ. mJ G+kpia tpl kpy;ypad; klq;F nghpaJ. mjpf mOj;jj;jpy; 
i`bu[d; mZf;fs; ,ize;J `Pypak; mZf;fshf khWfpd;wd. mZf;fU ,izT vd 
miof;fg;gLk; ,e;j epfo;tpdhy;> ngUksT Mw;wy; xsp kw;Wk; ntg;g tbtpy; cUthfpd;wJ. 
,e;j Mw;wypdhy; #hpad; xsph;fpd;wJ NkYk; ntg;gj;ij mspf;fpd;wJ. #hpa kz;lyj;jpd; 
ikaj;jpy; #hpad; mike;Js;sJ. mjd; typikahd <h;g;Gg; Gyj;jpdhy; gpw #hpa 
nghUs;fs;> Nfhs;fs;> rpWNfhs;fs;> thy; tpz;kPd;fs;> tpz;fw;fs; kw;Wk; gpw rpijTw;w 
nghUs;fs; ahTk; #hpaidr; Rw;wp tUfpd;wd. Vwj;jho 4.6 gpy;ypad; Mz;LfSf;F Nkyhf 
,J ,Ue;J tUfpd;wJ.  
 
#hpad; Njhd;wpa tpjk;:  
 
ngUntbg;gpd; NghJ> ntg;gkhd i`l;u[d; thAf;fs; Fsph;tile;J kpfg;nghpa Nkfq;fis 
cUthf;fpd. gpd;dh; mit NkYk; mlh;TkpFe;J tpz;kPd; jpus;fis cUthf;fpd. mjpy; 
kPjkpUe;j i`l;u[d; thAf;fs; mq;Fkpq;Fkhf kpje;J nfhz;bUe;j epiyapy;> fhyg;Nghf;fpy; 
i`bu[d; thAf;fspd; mlh;T kpFe;J #hpad; kw;Wk; #hpa kz;lykhdJ cUthff; 
fhuzkhdJ. ehsiltpy;> mit nkJthfr; Rw;wf;$ba jd;ikia mile;jd. i`l;u[d;> 
`Pypak; thAf;fs; kw;Wk; J}Rfs; nfhz;l jpul;rpia mit cs;slf;fp ,Ue;jd. <h;g;gpd; 
fhuzkhf> mit mOj;jkile;J ,Ufpd. #hpadpd; Ntfk; mjpfhpj;j NghJ mjd; Nkw;gug;G 
jl;ilahfp. tl;Lg; Nghd;W khwpaJ.  
 
Nfhs;fs;  
 
eph;zapf;fg;gl;l tisthd Rw;Wg; ghijapy; Nfhs;fs; #hpaidr; Rw;wp tUfpd;wd. ,J ePs; 
tl;l tbtpy; cs;sJ. #hpaid xUKiw Rw;wptUtjw;F Nfhs;fs; vLj;Jf; nfhs;Sk; fhyk; 
Rw;Wf;fhyk; vdg;gLk;. #hpaidr; Rw;wptUk; mNj Ntisapy; gk;guj;ijg; Nghy; NfhshdJ 
jd;idj; jhNdAk; Rw;wp tUfpwJ. jd;idj; jhNd xUKiw Roy;tjw;F xUNfhs; 
vLj;Jf;nfhs;Sk; fhyk; Row;rpf;fhyk; vdg;gLk;. G+kpapd; Row;rpf;fhyk; 23 kzp 56 epkplq;fs; 
MFk;. vdNt> G+kpapy; xU ehs; vd;gJ 24 kzp MFk;. ml;ltiz xt;nthU Nfhspd; 
Row;rpf;fhyKk; nfhLf;fg;gl;Ls;sJ.  
   

Nfhs; xU ehspd; msT 
Gjd; 58.65. ehs;fs; 
nts;sp 243 ehs;fs; 
G+kp 23.93 kzp 
nrt;tha; 24.62 kzp 
tpahod; 9.92 kzp 
rdp 10.23 kzp 
ANud]; 17 kzp 
neg;bA+d; 18 kzp 

 
#hpa kz;lyj;jpYs;s Nfhs;fs; ahTk; ntt;NtW ,ilntspfspy; fhzg;gLfpd;wd. Kjy; 
ehd;F Nfhs;fs; xd;Wf;nfhd;W neUf;fkhfTk; #hpaDf;F mUfhikapYk; cs;sd. mit 
cl;Gw #hpakz;lyj;ij mikf;fpd;wd. ntspg;Gw #hpakz;lj;jpYs;s Nfhs;fs; #hpaDf;F 
ntF njhiytpy; ,ilntsp tpl;L fhzg;gLfpd;wd. vdNt rdp Nfhspw;Fk;> ANud]; 
Nfhspw;Fk; ,ilNa cs;s njhiyT G+kpf;Fk; nrt;tha; Nfhspw;Fk; ,ilNa cs;s 
njhiyit tpl gy klq;F (20 klq;F) mjpfkhf cs;sJ.  
 
cl;Gw #hpakz;lyj;jpy; fhzg;gLk; ehd;F Nfhs;fshd Gjd;> nts;sp> G+kp kw;Wk; nrt;tha; 
Mfpait cl;Gw Nfhs;fs; vd;W miof;fg;gLfpd;wd. mtw;wpd; Gwg;gug;G jpz;kg;ghiw 
NkNyhl;bdhy; mike;Js;sjhy;> mit epyk;rhh; Nfhs;fs; my;yJ ghiwf;Nfhs;fs; vd 
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miof;fg;gLfpd;wd. mtw;wpd; cl;gFjp> Gwg;gug;G kw;Wk; tspkz;lyk; Mfpait xNu 
Kiwapy; xNu tbtpy; cUthdit. NkYk;> mit xj;j mikg;gpy; cs;sd. ek; G+kpia 
,tw;wpw;fhd khjphpahff; nfhs;syhk;.  
 
 
ntspg;Gw #hpa kz;lyj;jpy; xg;gPl;lstpy; #hpaid nkJthf Rw;wptUk; Nfhs;fshd 
tpahod;> rdp> ANud]; kw;Wk; neg;bA+d; Mfpait ntspg;Gwf; Nfhs;fs; vd 
miof;fg;gLfpd;wd. mit i`l;u[d;> P̀ypak; cs;spl;l gpw thAf;fshy; epuk;gpa mlh;T 
kpF tspkz;lyj;ijf; nfhz;Ls;sd. mit thAg; ngUq;Nfhs;fs; vd;Wk;> thAf; Nfhs;fs; 
vd;Wk; miof;fg;gLfpd;wd. ,e;j ehd;F ntspg;Gwf; Nfhs;fSf;Fk; tisaq;fs; cs;sd. 
Mdhy; ehd;F cl;Gwf; Nfhs;fSf;F tisaq;fs; ,y;iy. ,e;j tisaq;fs; gdpahy; 
%lg;gl;l ghiwj; Jfs;fisf; nfhz;Ls;sd. ehk; ,g;NghJ xt;nthU Nfhisg; gw;wpAk; 
ghh;f;fyhk;.  
 
Gjd;: #hpaDf;F kpf mUfpy; mike;Js;s ghiwf;Nfhs;jhd; Gjd; MFk;. ,J gfypy; kpf 
mjpf ntg;gj;JlDk; ,utpy; mjpff; FspUlDk; fhzg;gLk;. Gjd; kpfTk; kq;fyhfTk;> 
rpwpajhfTk; fhzg;gLtjhy;> ntWk; fz;zhy; ghh;g;gijtpl xU njhiyNehf;fpahy; mij 
ed;F fhz KbAk;. mij vg;NghJk; fpof;F my;yJ Nkw;Fj; jpirapd; fPo;thdj;jpy; kl;LNk 
,aYk;.  
 
nts;sp: fpl;lj;jl;l G+kpapd; msitnahj;j xU rpwg;Gf;Nfhs; nts;sp. ek; #hpakz;lyj;jpy; 
fhzg;gLk; Nfhs;fspNyNa mjpf ntg;gepiy nfhz;lJ nts;sp MFk;. epytpw;Fg; gpwF> 
thdj;jpy; njhpAk; kpfg;gpufhrkhd thd;nghUs; ,JNt> kw;w Nfhs;fisg; Nghy; my;yhky;> 
,J vjph;j; jpirapy; Roy;tjhy;> ,q;F #hpad; Nkw;Nf Njhd;wp fpof;Nf kiwfpwJ. 
nts;spia ehk;ntWk; fz;zhy; vspjpy; fhzyhk;. mJ fpof;F my;yJ Nkw;Fj; jpirapy; 
fPo;thdj;jpy; njhpAk;.  
 
G+kp: #hpa kz;lyj;jpYs;s  Nfhs;fspNyNa ehk; thOk; G+kpapy; kl;Lk;jhd; caph;thoj; 
jFjpahd #oy; cs;sJ. #hpadpypUe;J rhpahd njhiytpy; mJ cs;sjhy;> rhpahd 
ntg;gepiy> ePh; Mjhuk;> rhpahd tspkz;lyk; kw;Wk; XNrhd; glyk; Mfpatw;iw G+kp 
nfhz;Ls;sJ. ,itaidj;Jk; cs;sjhy;jhd;> G+kpapy; caph;fs; njhlh;e;J tho;tnjd;gJ 
rhj;jpakhfpd;wJ. G+kpapd; kPJs;s ePH; kw;Wk; epyg; gFjpfspd; kPJ xsp vjpnuhspg;gjdhy;> 
tpz;zpypUe;J ghh;f;Fk; NghJ G+kp ePyk; fye;j gr;ir epwj;Jld; fhzg;gLk;.  
 
nrt;tha;: Gtpapd; Rw;Wg;ghijf;F ntspapy; mike;Js;s Kjy; Nfhs; nrt;tha; MFk;. ,J 
rw;Nw rptg;G epwj;jpy; fhzg;gLtjhy;> ,J rptg;Gf;Nfhs; vd miof;fg;gLfpwJ. ,jw;F 
BNkh]; kw;Wk; NghNgh]; vdg;gLk; ,U ,aw;ifj; Jizf;Nfhs;fs; cs;sd.  
 
tpahod;: tpahod; NfhshdJ> ngUq;Nfhs; vd miof;fg;gLfpd;wJ. Nfhs;fspNyNa 
kpfg;nghpaJ ,JNt (Gtpia tpl 11 klq;F nghpaJ> 318 klq;F vil nfhz;lJ) ,jw;F 3 
tisaq;fSk; 65 epyTfSk; cs;sd. ,jd; epythd fhdpkPL vd;w epyTjhd; #hpa 
kz;lyj;jpNyNa kpfg;nghpa epythFk;. 
 
rdp: tisaq;fSf;Fg; ngah;Nghd rdp Nfhs;> kQ;rs; epwj;jpy; fhzg;gLfpd;wJ. ntspg;Gw 
$upakz;lyj;jpy; fhzg;gLk; ,f;NfhshdJ tpahoDf;F mLj;J ,uz;lhtJ ngUk; 
thAf;NfhshFk;. Fiwe;jgl;rk; rdpapy; 60 epyTfs; cs;sd. ill;ld; vd;w epyNt mjpy; 
ngupaJ. MFk;. ek; #upa kz;lyj;jpy; Nkfq;fSld; $ba xNu epyT ,JthFk;. rdpapd; 
mlu;j;jp kpfTk; Fiwthf cs;sjhy; (Gtpia tpl 30 klq;F FiwT) ,e;j Nfhs; fdkw;wJ. 
 
ANud];: ANud]; xU Fspu;kpF thAg; ngUq;NfhshFk;. ngupa njhiyNehf;fpapd; %ykhfNt 
,ijf; fhz,aYk;. ,J kpfTk; rha;e;j Roy; mr;irf; nfhz;Ls;sJ. mjdhy; ,J 
cUz;NlhLtJ Nghy; njupfpd;wJ. ,jd; mrhjhuz rha;tpd; fhuzkhf ,q;F Nfhil 
fhyKk;> Fspu; fhyKk; kpf ePz;L ,Uf;Fk;. xt;nthd;Wk; 42 Mz;Lfshf cs;sd. 
 
 neg;bAd;: ,f;NfhshdJ gr;ir epw tpz; kPd; Nghd;W fhl;rpaspf;Fk;. #hpadpypUe;J 
vl;lhtjhf cs;s ,e;jf; Nfhs; kpfTk; fhw;W tPrf;$ba NfhshFk;. 248 Mz;LfSf;F 
xUKiw GSl;Nlh ,jd; Rw;Wg;ghijiaf; flf;fpwJ. ,e;j epiy 20 Mz;LfSf;Fj; 
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njhlu;fpwJ. ,jw;F 13 epyTfs; cs;sd. mjpy; biul;lhd; vd;w epyNt ngupajhFk; #upa 
kz;lyj;jpy; Nfhspd; Row;rpf;F vjpu;j;jpirapy; Rw;Wk; xNu epyT biul;lhd; MFk;.  
 
#upa kz;lyj;jpYs;s gpw nghUs;fs; 
 
vl;L Nfhs;fisj;jjtpu NtW rpy nghUs;fSk; #upaidr; Rw;wp tUfpd;wd. mitAk; 
#upakz;lyj;ijr; Nru;e;jitfNs MFk;. 
 
rpWNfhs;fs; (Asteroids):   nrt;thapd; Rw;Wg;ghijf;Fk; tpahodpd; Rw;Wg;ghijf;Fk; ,ilNa 
xU ngupa  ,ilntsp cs;sJ. ,e;j ,ilntspapy;> Nfhs;fs; Njhd;wpa NghJ cUthd 
yl;rf;fzf;fhd ghiwj;Jz;Lfs; (xU gl;il Nghd;W fhl;rpaspf;Fk;) Rw;wp tUfpd;wd. 

 
,itNa rpWNfhs;fs; vdg;gLfpd;wd. mj;ijfa Nfhs;fspNy nru]; vd;gNj kpfg;ngupa 
rpWNfhshFk;. ,jd; tpl;lk; 346 fpkP MFk;. Rkhu; 50 kpypypad; Mz;LfSf;FnfhU Kiw ek; 
G+kpapd; kPJ rpWNfhs; tPo;tJz;L: mJ 10fpkP mfyk; nfhz;ljhf ,Uf;Fk;. ,tw;iwAk; 
ngupa njhiyNehf;fpahy; k;LNk fhz KbAk;. 

thy; tpz;kPd;fs; (comets):  

mjp ePs;tl;lg;ghijapy; ek; #upaidr; Rw;wptUk; J}R kw;Wk; gdp epiwe;j nghUs;fNs 
thy;tpz;kPd;fs; vdg;gLk;. ,tw;wpd; Rw;Wf;fhyk; mjpfk; MFk;. ,it #upaid neUq;Fk; 
NghJ> Mtpahfp> jiy kw;Wk; thy; Mfpait cUthfpd;wd. xUrpy ngupa thy; 
tpz;kPd;fSf;F 160 kpy;ypad; (16 Nfhb) fpkP ePsKs;s thy; cs;sJ. ,J Gtpf;Fk; 
$upaDf;Fk; ,ilg;gl;l njhiytpy;tpl mjpfkhFk;. gy thy;tpz;kPd;fs; Fwpg;gpl;l fhy 
,ilntspapy; kPz;Lk; Njhd;Wgit MFk;. mjpy; Xd;Wjhd; `hyp thy;tpz;kPd;. ,J 76 
Mz;LfSf;F xU Kiw kPz;Lk; njupAk;. filrpahf 1986-y; ,J ghu;f;fg;gl;lJ. vdNt ,J 
kPz;Lk; 2062-y; njupAk;. 
 
tpz;fw;fs; kw;Wk; tpz; tPo;;fw;fs; (meteors and Meteorites): #upakz;lyk; KOtJk; 
gutyhf rpjwpf;fp;lf;Fk; rpW ghiwj;Jz;LfNs tpz;fw;fs; vdg;gLfpd;wd. kpf mjpf 
Ntfj;Jld; gazpf;Fk; ,it Gtpapd; tspkz;lyj;ij neUq;Fk; NghJ> mjd; <u;g;G 
tpirahy; ftug;gLfpd;wd. tUk; topapy;> tspkz;ly cuha;tpdhy; cUthFk; ntg;gj;jpd; 
fhuzkhf ,it ngUk;ghYk; vupe;JtpLfpd;wd. mit tpz;fw;fs; vdg;gLk;. Mdhy; xU rpy 
ngupa mstpyhd tpz;fw;fs; KOtJkhf vupahky; fw;fshf G+kpapy; kPz;Lk; tPo;tJz;L 
mit tpz; tPo;tJz;L mit tpz; tPo;fw;fs; vdg;gLfpd;wd. 
 
Jizf;Nfhs;fs;: 
 
xU Rw;Wg;ghijapy; #upakz;lyj;jpYs;s Nfhs;fisr; Jizf;Nfhs; vd;wiof;fg;gLfpd;wJ. 
kdpjdhy; cUthf;fg;gl;l Jizf;NfhspypUe;J NtWgLj;Jtjw;fhf> ,aw;ifj; 
Jizf;Nfhshd epytpd; (re;jpud;) kPJ gLk; xspahdJ vjpnuhspf;fg;gLtjhy;> mij ek;khy; 
ghu;f;f KbfpwJ. <u;g;G tpirapd; fhuzkhf> ,it Nfhs;fisr; Rw;wp tUfpd;wd. 
#upakz;lj;jpYs;s Nfhs;fSs; Gjd; kw;Wk; nts;sp Nfhs;fisj; jtpu kw;w midj;jpw;Fk; 
epyTfs; cs;sd.  
 
fh];kpf; Mz;L 
 
nehbf;F 250 fp.kP (kzpf;F 9 ,yl;rk; fp.kP) Ntfj;jpy; ghy;ntsp tpjPiar; Rw;wptu G+kp 
vLj;Jf;nfhs;Sk; fhyk; fh];kpf; Mz;L vdg;gLk;.,J 225 kpy;ypad; Gtp Mz;LfSf;F rkk;. 
 

 
 

Rw;wpaf;fj; jpirNtfk; 
 
,aw;ifj; Jizf; Nfhs;fs; Nfhs;fisr; Rw;wp tUtijg;gw;wp ehk; Kd;dh; mwpe;Njhk;. 
Nfhspw;Fk; Jizf;Nfhspw;Fk; ,ilNa <u;g;G tpir nray;gLfpwJ. jw;fhyj;jpy; gy 
nraw;iff;Nfhs;fs; G+kpapd; Rw;W tl;lg;ghijapy; nrYj;jg;gLfpd;wd. 1956- y; nrYj;jg;gl;;l 
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];Gl;dpf; vd;w nraw;iff;NfhNs Kjd;Kiwahf nrYj;jg;gl;l nraw;ifahd Jizf;Nfhs; 
MFk;. ,e;jpah jdJ Kjy; nraw;iff; Nfhshd Mupag;gl;lhit Vg;uy; 19> 1975- y; 
nrYj;jpaJ. nraw;iff;Nfhs;fs; rpy E}W fpNyhkPl;lu; cauj;jpy; G+kpiar; Rw;wp tUk; 
tifapy; tpz;zpy; nrYj;jg;gLfpd;wd. ,e;j cauj;jpy; fhw;wpdhy; Vw;gLk; cuha;T 
Gwf;fzpf;fj;jf;fjhf ,Uf;Fk;. ,e;j cauj;jpw;F vLj;Jr; nrd;w gpd;G> nraw;iff;Nfhspw;F 
xU fpilkl;lj; jpirNtfj;ij mspj;jhy; mJ fpl;lj;jl;l xU tl;l tbt Rw;Wg;ghijapy; 
,aq;Fk;. 
 
NfhspypUe;J xU eph;zapf;fg;gl;l cauj;jpy;> nraw;iff;Nfhs; xd;W tl;lg;ghijapy; 
Rw;wptUtjw;F mjw;F mspf;fg;gLk; fpilkl;lj; jpirNtfk; Rw;wpaf;fj; jpirNtfk; vdg;gLk;. 
 
xU nraw;iff;Nfhs;fspd; Rw;wpaf;fj; jpirNtfk; vd;gJ mJ GtpapypUe;J cs;s 
cauj;ijg; nghWj;jJ G+kpf;F ve;j mstpw;F mUfpy; cs;sNjh me;j mstpw;F mjd; 
Ntfk; mjpfkhf ,Uf;f Ntz;Lk;. 200 fp.kP njhiytpy; cs;s nraw;iff;Nfhs; xd;W 
fpl;lj;jl;l 27>400 fp.kP/kzp Ntfj;jpw;Fk; rw;W mjpfkhd  
Ntfj;Jld; ,aq;f NtzLk;.  mt;thW ,aq;Fk;NghJ mJ 24 kzp Neuj;jpy; G+kpia 
Rw;wptUk;. Gtpapd; Row;rpf;fhyKk; 24 kzpahf ,Ug;gjhy;> me;j nraw;ifNfhshdJ Gtpapd; 
gug;gpw;F Nky; xNu ,lj;jpy; ,Ug;gJ Nghy; Njhd;Wk; ,t;thwhf> Gtpiag; nghWj;J xNu 
epiyapy; ,Ug;gjhy;> ,t;tif nraw;iff; Nfhs;fSf;F Gtpepiy nraw;iff;Nfhs;fs; vd;W 
ngau;. Rw;wpaf;fj; jpirNtfj;ij (v) gpd;tUk; tha;ghl;bd;idf; nfhz;L fzf;fplyhk;;: 
 

V= ,q;F 

 
G= <u;g;gpay; khwpyp =6.67×10-11epk-P2 fpfp-2 

M= Gtpapd; epiw = 5972×10-24 fpfp 
R= Gtpapd; Muk; =6371 fpkP  
h=Gtpg;gug;gpypUe;J nraw;iff;Nfhspd; cauk; 
 
Ez; <u;g;G vd;gJ nghUs;fs; my;yJ kdpju;fs; vilaw;W ,Ug;gJNghy; Njhd;Wk; epiy 
MFk;. tpz;ntsp tPuu;fSk;> xU rpy nghUs;fSk; tpz;ntspapy; kpjf;Fk;NghJ> Ez; <u;g;gpd; 
tpisTfis ehk; mwpayhk;. Ez; <h;g;G vd;why; kpfr;rpwpa <u;g;G vd;W nghUs;gLk;. 
 
nraw;iff;Nfhs;fspd; Rw;Wf;fhyk; 
 
Gtpia xU Kiw KOikahf Rw;wp tu xU nraw;iff;Nfhs; vLj;Jf;nfhs;Sk; fhyk; 
Rw;Wf;fhyk; vdg;gLk;.  
 
Rw;Wf;fhyk; T =  fle;j njhiyT 
   Rw;wpaf;fj; jpirNtfk; 
 

 
vd; kjpg;ig gpujpapl> 

 
 
 
midj;J tpz;kPd;fSk; fpof;fpypUe;J Nkw;fhf efu;tJ Nghy; Njhd;wpdhYk; XNu xU 
tpz;kPd; kl;Lk; efuhky; cs;sJNghy; njupAk;. mJ Jut tpz;kPd; vd;W miof;fg;gLfpwJ. 
epiyahf mike;Js;s Gtpspd; Roy; mr;rp;w;F Neuhf mike;jpUg;gjhy;> JUt tpz;kPd; xNu 
,lj;jpy; cs;sJ Nghy; Njhd;WfpwJ. Gtpapd; njw;F miuf;Nfhsj;jpypUe;J Jut tpz;kPd; 



 

71 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

njhptjpy;iy. 
 
 nfg;supd; tpjpfs; 
 
  1600 fspd; njhlf;fj;jpy; N[hfd]; nfg;su; Nfhs;fspd; ,af;fj;jpw;fhd %d;W 
tpjpfis ntspapl;lhh;. mtu; jkJ topfhl;bahd ilNfh gpuhNf vd;gtuhy;> ftdkhf 
Nfu;f;fg;gl;l jfty;fspd; %yk; R+upa-ika mikg;gpd; mbg;gilapy; %d;W tpjpfisf; 
$wpdhh;. Nfhs;fspd; ,af;fj;jpw;fhd nfg;supd; fUj;Jfs; ,g;NghJ xg;Gf;nfhs;sg;gltpy;iy 
vdpDk;> mtuJ Nfhs;fs; kw;Wk; Jizf; Nfhs;fspd; ,af;fj;ijg; gw;wpa kpfr;rupahd 
fzpg;ghFk;. mit fPNo jug;gl;Ls;sd. 
 
Kjy; tpjp- ePs;tl;lq;fspd; tpjp 
 
 #upadpd; ikak; xU Ftpaj;jpy; cs;sthW> ePstl;lg; ghijapy; Nfhs;fs; #upaidr; 
Rw;wp tUfpd;wd. 
 
,uz;lhtJ tpjp – rk gug;Gfspd; tpjp 
 
 Nfhspd; ikaj;ijAk; #upadpd; ikaj;ijAk; ,izf;Fk; fw;gidf; NfhL> rk 
fhyq;fspy; rk gug;Gfisf; flf;fpwJ. 
 
%d;whtJ tpjp – xj;jpirTfspd; tpjp 
 

 ve;j ,U Nfhs;fSf;Fk;> Rw;Wf;fhyq;fspd; ,Ukbfspd; tpfpjk; #upadpypUe;J 
mtw;wpd; ghjpasT Ngur;Rfspd; (major axis) Kk;kbfspd; tpfpj;jpw;Fr; rkk;. 

 
gd;dhl;L tpz;ntsp ikak; 
 
 tpz;ntsp tPuh;fs; jq;Ftjw;fhd xU ngupa tpz;ntspf;fyNk gd;dhl;L tpz;ntsp 
ikak; (g.tp.ik) MFk;. mJ jho;thd Gtptl;lg;ghijapy; Rkhh; 400 fP.kP njhiytpy; 
,aq;FfpwJ. mJ xU mwptpay; Ma;tfkhfTk; nray;gLfpwJ. mjd; Kjy; gFjp 1998 – 
Mk; Mz;by; Rw;Wg;ghijapy; epiyepWj;jg;gl;lJ mjd; Kf;fpag;gFjpfspd; fl;Lkhdk; 2011-y; 
Kbf;fg;gl;lJ. tpz;zpYs;s nghUs;fspy; ntWk; fz;zhy; ghu;f;fg;glf;$ba> kdpjdhy; 
cUthf;fg;gl;;l ngupa nghUs; ,JNt MFk;. ,k;ikaj;jpw;Fk; Kjd; Kjyhf 2000- Mk; 
Mz;Ljhd; kdpju;fs; nrd;wdu;. mjd; gpwF> xUnghOJk; mjpy; kdpju;fs; ,y;yhky; 
,Ue;jJ ,y;iy. xU Fwpg;gpl;l ehspy; Fiwe;jJ MW kdpju;fs; mq;F ,Ug;ghu;fs;. 
jw;Nghija jpl;lg;gb 2024-k; Mz;Ltiu gd;dhl;L tpz;ntsp ikakhdJ ,af;fg;gLk; 
vd;Wk;> Njitg;gl;lhy; 2028 tiu ,af;fg;glyhk; vd;Wk; $wg;gLfpd;wJ. mjd; gpwF mJ 
Rw;Wg;ghijapypUe;J tpyf;fpf;nfhs;sg;glyhk; my;yJ mjd; rpy gFjpfs; tUq;fhy 
tpz;ntsp ikaq;fSf;Fg; gad;gLj;jg;glyhk;. 
 
gd;dhl;L tpz;ntsp ikaj;jpd; gad;fs; 
 
 mnkhpf;f tpz;ntsp epWtdkhd ehrhtpd; ghu;itapy; fPo;f;fz;l topfspy; gd;dhl;L 
tpz;ntsp ikak; ekf;F gyid mspj;Js;sJ.(my;yJ tUq;fhyq;fspy; mspf;ff;$Lk;). 
 
ePu; Rj;jpfupf;Fk; Kiwfs; 
 
 gd;dhl;L tpz;ntsp ikaj;jpy; gad;gLj;jpAs;s njhopy;El;gj;ijf; nfhz;L jz;zPu;j; 
jl;LghL cs;s ,lq;fspy; Nkk;gLj;jg;gl;l ePh; tbfl;Ljy; kw;Wk; Rj;jpfupf;Fk; Kiwfisg; 
ngwyhk;. jz;zph;j; jl;Lg;ghL epiwe;j ,lq;fspy; thOk; kf;fSf;F capu; fhf;Fk; 
topKiwahf ,J ,Uf;ff; $Lk;. gd;dhl;L tpz;ntsp ikaj;jpw;fhf (ISS) cUthf;fg;gl;l ePu; 
kPl;G mikg;G (WRS) kw;Wk; Mf;rp[d; cUthf;Fk; mikg;G (OGS) Mfpait><uhf; ehl;by;> 
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Rj;jkhd FbePu; ,y;iy vd;gjhy;> fhg;ghw;wp mtu;fis kPz;Lk; mq;F tho toptif 
nra;Js;sd. 
 
fz;izj; njhlUk; njhopy;El;gk; 
 
 Ez;<u;g;G epiyapy; Ma;Tfisr; nra;tjw;fhf cUthf;fg;gl;l> fz;izj; njhlUk; 
fUtp gy Nyrh; mWit rpfpr;irfspy; gad;gl;Ls;sJ. ,af;ff;FiwghL kw;Wk; Ngr;rpy; 
FiwghLs;stu;fSf;F ,e;j fz;izj; njhlUk;  njhopy;El;gkhdJ ntFthfg; 
gad;gLfpwJ. vLj;Jf;fhl;lhf> jPtpu ,af;ff; FiwghLs;s xU Foe;ij> md;whl 
nray;ghLfis nra;J nfhz;L ahiuAk; rhu;e;jpuhj tho;f;ifia tho ,aYk;. 
 
jhdpaq;fp iffs; (robotic arms) kw;Wk; mWit rpfpr;irfs; 
 
 mWit rpfpr;ir %yk; mfw;w ,ayhj fl;bfis (v.fh> %isf; fl;bfs;) 
ePf;Ftjw;Fk; kpfj; Jy;ypakhd Kiwapy; cly;jpR Ma;T nra;tjw;Fk; (biopsy), gd;dhl;L 
tpz;ntsp ikaj;jpy; Muha;r;rpf;Fj; Jizahf ,Ug;gjw;fhf cUthf;fg;gl;l> jhdpaq;fp 
iffs; ngupJk; cjTfpd;wd. ,j;jifa fUtpfshy; kpfj;Jy;ypakhd Kiwapy; cly; jpR 
Ma;Tfisr; nra;a KbAk; vd;W ,ij cUthf;fpath;fs; $Wfpd;wdu;. 
 
 ,tw;iwj; jtpuTk; ,d;Dk; gy topfspy; gd;dhl;L tpz;ntsp ikaj;jpy; 
Nkw;nfhs;sg;gLk; Ma;Tfs; ekf;F gaDs;sjha; mikfpd;wd. mitahtd: Nkk;gLj;jg;gl;l 
jLg;G+rpfis cUthf;Fjy;> khu;gfg; Gw;WNehiaf; fz;lwpjy; kw;Wk; rpfpr;ir> mZfKbahf 
gFjpfSf;Fs; nry;tjw;fhd kPnahypf; fUtpfs; cs;spl;l ,d;Dk; gy. 
 
gd;dhl;L tpz;ntsp ikaKk; gd;dhl;L $l;LwTk; 
 
 gd;dhl;L tpz;ntsp ikaj;jpd; mwptpay; rhjidfSf;F rw;Wk;l Fiwahj rhjid 
vd;dntd;why; ,e;j ikaj;ij cUthf;Ftjw;Fj; Njitg;gl;l gd;dhl;L xj;Jiog;G MFk;. 
gd;dhl;L tpz;ntsp ikaj;ij ,af;Ftjw;Fk;> guhkupg;gjw;Fk; 16 ntt;ntW ehLfspd; Ie;J 
tpz;ntsp epWtdq;fspd;  xj;Jiog;G Njitg;gLfpd;wJ. me;epWtdq;fshtd NASA 
(mnkupf;fh) Roskosmos (u~;ah)>ESA (INuhg;gh)> JAXA ([g;ghd;)> CSA (fdlh)> ngy;[pak;> 
gpNurpy; nld;khh;f;> gpuhd;];> n[u;kdp> ,j;jhyp> `hye;J> ehu;Nt> ];ngapd;> RtPld;> 
Rtpl;ru;yhe;J kw;Wk; ,q;fpyhe;J Mfpa ehLfSk; ,e;jf; $l;likg;gpy; cs;sd. 
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9thmwptpay; 
myF– 10 

ek;ikr; Rw;wpAs;s nghUl;fs; 
 
mwpKfk;:  
gUg;nghUs; vd;gJmz;lfj;jpYs;smidj;JnghUl;fisAk; Fwpg;gjw;fhfehk; gad;gLj;Jk; 
xUnrhy; MFk;. ek;ikr; Rw;wpAs;smidj;JNkgUg;nghUshFk;. ehk; Rthrpf;Fk; 
fhw;W>cz;Zk; czT>vOJk; vOJNfhy;>Nkfk;>fw;fs;>jhtuq;fs;>tpyq;Ffs;>xUJspePh;>kzy; 
$W Mfpamidj;Jk; gUg;nghUs;fs;. midj;jpYk; ,uz;LnghJthdgz;Gfs; ,lk; 
ngw;Ws;sd. mitepiwkw;Wk; ,lj;ijmilf;Fk; ,ay;G.  
 
vdNt>epiwkw;Wk; ,lj;ijmilf;Fk; midj;Jg; nghUs;fisAk; gUg;nghUs;fs; vdehk; 
miof;fpNwhk;.  
 
gUg;nghUs;fspd; tifg;ghL:  
 
gUg;nghUs;fspd; ,aw;gpay; gz;Gmbg;gilapyhdtifg;ghl;bidvl;lhk; tFg;gpy; 
gbj;Js;sPh;fs;. jw;NghJ>gUg;nghUs;fs; Ntjpapaypd; mbg;gilapy; 
vt;thWtifg;gLj;jg;gl;Ls;sdvd;gijf; Fwpj;JmwpNthk;. ngUk;ghYk;> ,it J}a kw;Wk; 
J}a;ikaw;w (fyit) nghUs;fshfNttifg;gLj;jg;gLfpd;wd. Ntjpapay; ghh;itapd; gb> 
J}a nghUl;fs; xNutifahdJfs;  
 
ehk; ghh;f;Fk; my;yJczUk; midj;Jk; gUg;nghUs;fs; my;y. vLj;Jf;fhl;lhf> 
#hpaxsp>xyp>tpirkw;Wk; Mw;wy; Mfpadepiwaw;witkw;Wk; ,lj;ijmilg;git ,y;iy. 
vdNt> ,it gUnghUs;fs; MfhJ.  
 
 
fisAk;> J}a;ikaw;w nghUs;fs; (fyit) xd;Wf;F Nkw;gl;l Jfs;fisAk; ngw;Ws;sd.  
NkNyAs;s tpsf;fg;glk; gUg;nghUs;fspd; Ntjpapay; tifg;ghl;bid njspthf GHpe;J 
nfhs;s cjTk;.  
 
jdpkq;fs;:  
cq;fSs; ngUk;ghd;ikahNdhh; ,ir kPJ Mh;tKs;sth;fshTk;> mjpYk; rpyh; ,irf;ff; 
$bath;fshfTk; ,Ug;gPh;fs;. ,ir vd;gJ rpy mbg;gil ,irf; Fwpg;Gfspd; fyitahFk;. 
mjhtJ r> hp> f..... vd;gNj ,irapd; mbg;gilahFk;.  
r> up> f> k> g> j .....   ,irapd; mbg;gilf; fl;likg;G  
 
etPd Mth;j;jd ml;ltizapy; ekf;Fj; njhpe;J ,Jtiu cs;s 118 jdpkq;fspy;> 
92 jdpkq;fs;> ,aw;ifapy; fhzg;gLfpd;wd> kw;w 26 jdpkq;fs; nraw;if Kiwapy; 
cUthf;fg;gl;lit. Mdhy;> ,j;jifa 118 jdpkq;fspypUe;J> gpy;ypad; Nrh;kq;fs; 
cUthf;fg;gl;Ls;sd> mtw;wpy; rpy ,aw;ifahdit kw;Wk; rpy nraw;ifahdit. 
,J tpsf;fj;jf;fjy;yth?  
 
 
,Nj Nghy; G+kpapy; cs;s midj;Jg; nghUl;fSk; jdpkq;fs; vdg;gLk; rpy vspikahd 
nghUl;fshy; cUthf;fg;gLfpd;wd. nrbfs;> G+idfs;> Mg;gps;fs;> ghiwfs;> fhh;fs; kw;Wk; 
ekJ cly; midj;jpYk; jdpkq;fs; cs;sd. vdNt midj;Jg; nghUl;fSf;Fkhd 
fl;likg;G jdpkq;fNs MFk;.  
H, He, Li ..... 118 jdpkq;fs;   mz;lfj;jpYs;s midj;Jg;  
      nghUl;fspd; mbg;gilf; fl;likg;G 
 
uhgh;l; ghapy; vd;ghh; NkYk; vspanghUl;fshfgFf;fKbahjnghUl;fSf;Fjdpkq;fs; vdg; 
ngahpl;lhh;. jdpkq;fs; xt;Nthd;Wk; xNutifahdmZf;fshy; MditvdTk; 
tiuaWj;Js;shh;. vLj;Jf;fhl;lhf>mYkpdpak; vd;Dk; jdpkk; mYkpdpak; mZf;fshy; 
MdJ. mYkpdpamZf;fspypUe;JNtjpapay; uPjpahfvspikahdnghUl;fisg; ngwKbahJ. 
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Mdhy; mYkpdpak; Mf;i]L>mYkpdpak; iel;Nul; kw;Wk; mYkpdpak; ry;Ngl; 
Nghd;wrpf;fyhdNtjpg;nghUl;fiscUthf;fKbAk;.  
 
mZ: Ntjptpidapy; <LgLk; xUjdpkj;jpd; kpfr;rpwpaJfs; mZthFk;. 
,Jjdpj;NjhNrh;e;Njhfhzg;gLk;.  
%yf;$W: xUjdpkk; my;yJxUNrh;kj;jpd; kpfr;rpwpaJfs; %yf;$whFk;. ,Jjdpj;Jf; 
fhzg;gLk. ,J nghUl;fspd; ,aw;gpay; kw;Wk; Ntjpapay; 
gz;Gfisjd;dfj;Njnfhz;Ls;sJ.  
vLj;Jf;fhl;Lfs;:  
i`l;u[d; %yf;$wpy; ,uz;Li`l;u[d; (H2) mZf;fs; cs;sd.  
Mf;rp[d; (O2) %yf;$wpy; ,uz;LMf;rp[d; mZf;fs; cs;sd.  
 
midj;Jj; jdpkq;fSk; mtw;wpd; gy;NtWgz;Gfspd; mbg;gilapy; tifg;gLj;jg;gLfpd;wd. 
mtw;iwcNyhfq;fs;>mNyhfq;fs; kw;Wk; cNyhfg; Nghypfs; vdtifg;gLj;jyhk;.  
 
Nrh;kq;fs;:  
Nkw;gl;l jdpkq;fs; xU Fwpg;gpl;l epiw tpfpjj;jpy; $wpapUg;gjhFk;. vLj;Jf;fhl;lhf> 
rh;f;fiuahdJ fhh;gd;> i`l;u[d; kw;Wk; Mf;]p[d; Mfpa %d;W jdpkq;fshy; MdJ. 
rh;f;fiuapd; Ntjpapay; tha;;ghL C12H22O11.  
M 
Nrh;kj;jpd; gz;Gfs; mtw;wpy; ,ize;Js;s jdpkq;fspypUe;J KOtJk; NtWgl;lit. 
Nrhbak; FNshiuL vd miof;fg;gLk; rhjhuz cg;G xU Nrh;kk; MFk;. ,J cztpw;F 
RitA+l;LfpwJ. ,J cNyhfkhd Nrhbak; kw;Wk; mNyhfkhd FNshhpd; %yk; cUthfpwJ.  
 
gh];gu];> iel;u[d; kw;Wk; nghl;lhrpaj;jpd; Nrh;kq;fs; cuk; jahhpf;fg; 
gad;gLfpd;wd. rpypf;fd; Nrh;kq;fs; fzpg;nghwp Jiwapy; Kf;fpag; gq;F 
tfpf;fpd;wd. /g;Nshhpd; Nrh;kq;fs; ek; gw;fis tYg;gLj;j cjTk; gw;girapy; 
gad;gLj;jg;gLfpd;wd. 
 
jdpkk; - Nrh;kk; NtWghL:  
 

jdpkk; Nrh;kk;  
xNu tifahd mZf;fisf; nfhz;lJ xd;Wf;Fk; Nkw;gl;l mZf;fshy; MdJ.  
xU jdpkj;jpd; midj;Jg; gz;GfisAk; 
kpfr;rpwpa Jfshd mZthdJ 
jd;dfj;Nj nfhz;Ls;sJ 

xU Nrh;kj;jpd; midj;Jg; gz;GfisAk; 
%yf;$W jd;dfj;Nj nfhz;Ls;sJ.  

Ntjpapay; Kiwapy; vspa nghUl;fshfg; 
gphpf;f ,ayhJ 

Ntjpapay; Kiwapy; jdpkq;fshfg; 
gphpf;f ,aYk;.  

 
fyitfs;:  
 
fyitfs; xU J}a;ikaw;w nghUs;. ,jy; ,uz;L my;yJ mjw;F Nkw;gl;l jdpkq;fs; 
my;yJ Nrh;kq;fs; ,aw;gpay; Kiwapy; xOq;fw;w tpfpjj;jpy; fye;Js;sd. vLj;Jf;fhl;lhf> 
Foha;ePhpy;> ePh; kw;Wk; rpy cg;Gfs; fye;Js;sd. vYkpr;ir ghdj;jpy; vYkpr;ir rhW> 
rh;f;fiu kw;Wk; ePh; fye;Js;sd. fhw;wpy; i`l;u[d;> Mf;rp[d;> fhh;gd; il Mf;irL> ePuhtp 
kw;Wk; gpw thAf;fs; fye;Js;sd. kz;zpy; kzy;> fspkz; kw;Wk; gy;NtW cg;Gfs; 
fye;Js;sd. ,itahTk; fyitfs; MFk;. ,NjNghd;W ghy;> gdpf;$o; (I];f;hPk;)> fy; cg;G> 
NjePh;> Gif> fl;il> fly;ePH> ,uj;jk;> gw;gir kw;Wk; tz;zg;G+r;R (ngapd;l;) Mfpad 
fyitf;fhd NkYk; rpy vLj;Jf;fhl;Lfs; MFk;. ,uz;L my;yJ mjw;F Nkw;gl;l 
cNyhfq;fs; xd;Nwhnlhd;W fyg;gjdhy; fpilf;Fk; fyit cNyhff;fyit MFk;.  
 
LPG – jputkhf;fg;gl;l ngl;Nuhypa thA. ,J kpf vspjpy; jPg;gw;wf; $ba 
i`l;Nuhfhh;gd; thAthFk;. GNuhg;Ngd; kw;Wk; gpA+l;Nld; thAf;fspd; fyitiaf; 
nfhz;Ls;sJ. mOj;jj;jpw;F cl;gLj;jg;gl;L jputkhf;fg;gLk;. ,J> ntg;gg;gLj;jTk;> 
czT rikf;fTk;> thfd vhpnghUshfTk; gad;gLj;jg;gLfpwJ.  
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fyitfs; kw;Wk; Nrh;kq;fSf;F ,ilNaahdNtWghLfs;:  
 
fyitfs; kw;Wk; Nrh;kq;fSf;fpilahdNtWghl;bidfPo;fz;lnray;ghl;bd; %ykhfmwpayhk;.  
 
 
  ,Uk;G+ ry;/gh; ntg; gk; ,Uk;G (II) ry;igL 
 
cUthdme;jfUg;GNrh;kk; ,Uk;G (II) ry;igLMFk;. fpilf;fg;ngw;w ,Uk;Gry;igbd; gz;Gfs; 
mjpYs;sgFjpg; nghUl;fshd ,Uk;Gkw;Wk; ry;ghpd; gz;GfspypUe;JKw;wpYk; 
NtWgLtijfPo;fz;lml;ltizapd; %yk; mwpayhk;.  
 
 
 

nghUs;  Njhw;wk; fhe;jj;jpd; tpisT 
,Uk;G (jdpkk;)  mlh; rhk;gy; epw J}s; <h;f;fg;gLk;  
ry;/gh; (Nrh;kk;)  kQ;rs; J}s; <u;f;fg;glhJ 
,Uk;Gry;/gh; (fyit) fyq;fyhdkQ;rs; J}s; ,Uk;Gkl;Lk; <h;f;fg;gLk;  
,Uk;G(II)ry;igL (Nrh;kk;)  fUikepwjplg;nghUs;  <h;f;fg;glhJ 

 
Nkw;Fwpg;gpl;l Nrhjidapd; %yk;> fyitfs; kw;Wk; Nrh;kq;fSf;fpilNaahd NtWghl;bid 
ek;khy; RUq;fr; nrhy;y ,aYk;.  
 
,uj;jk; xU fyit Vnddpy;> ,jpy; ,uj;jj;jl;Lf;fs;> rptg;G kw;Wk; nts;is ,uj;j 
mZf;fs; kw;Wk; gpsh];kh Nghd;w gy;NtW $Wfs; fye;Js;sd.  
 
fyitfs; kw;Wk; Nrh;kq;fSf;fpilNaahd NtWghLfs;:  

fyitfs; Nrh;kq;fs; 
,J xd;W my;yJ mjw;F Nkw;gl;l 
nghUl;fshyhdj.  

,J xNu xU nghUshyhdJ.  

fyitfs; mjpYs;s gFjpg; nghUl;fspd; 
gz;Gfis xj;Js;sd.  

Nrh;kj;jpd; gz;G mjpYs;s gFjpg; 
nghUl;fspd; gz;GfspypUe;J 
NtWgLfpwJ.  

,jd; gFjpg; nghUl;fs; ve;jnthU 
tpfpjhr;rhuj;jpYk; ,Uf;fyhk; 

,jd; gFjpg; nghUl;fs; epiyahd 
tpfpjj;jpNyNa ,Uf;Fk;.  

,tw;wpd; gFjpg; nghUl;fis ,aw;gpay; 
Kiwapy; gphpj;njLf;f KbAk;. 

,tw;wpd; gFjpg; nghUl;fis Ntjpapay; 
Kiwapy; gphpj;njLf;f KbAk;. 

 
fyitapd; tiffs;:  
 
md;whl tho;tpy; ehk; gad;gLj;jf;$ba nghUl;fspy; ngUk;ghyhdit fyitfshFk;. 
rpytw;wpd; gFjpg;nghUl;fis ek;Kila ntw;Wf; fz;fshy; ghh;f;f ,aYk;> Mdhy; 
ngUk;ghyhd fyitfspd; gy;NtW gFjpg;nghUl;fs; ek;Kila ntw;Wf; fz;fSf;F 
Gyg;gLtjpy;iy. mit ghh;g;gjw;F xNu tifahd ,iaigg; ngw;wpUg;gJ Nghy; njhpAk;.  
 
Nkw;$wpatw;iw mbg;gilahff; nfhz;L fyitfs; fPo;f;fz;lthW tifg;gLj;jg;gLfpd;wd.  
 
 
xU gbj;jhd kw;Wk; gygbj;jhd fyit:  
 
xUgbj;jhd fyitapy; mjd; gFjpg;nghUl;fis jdpj;jdpahfg; ghh;f;f ,ayhJ. 
,f;fyitapy; gFjpg; nghUl;fs; rPuhff; fye;J xj;j gz;Gfisg; ngw;wpUf;Fk;. Foha; ePh;> 
ghy;> fhw;W> gdpf;$o;> rh;f;fiug; ghF> ik> v/F> ntz;fyk; kw;Wk; cg;G ePH; Nghd;wit 
xUgbj;jhd fyitfs; MFk;.  
 
gygbj;jhd fyitapy; mjd; gFjpg; nghUl;fis jdpj;jdpahf ghh;f;f ,aYk;l. 
,f;fyitapd; gFjpnghUl;fs; rPuhf fye;jpUg;gJkpy;iy; xj;j gz;Gfisg; 
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ngw;wpUg;gJkpy;iy. kz;> mNahbd; kw;Wk; cg;Gf; fyit> rh;f;fiu kw;Wk; kzy; fyit> ePh; 
kw;Wk; vz;nza;f;fyit> ry;/gh; kw;Wk; ,Uk;Gj;J}s; fyit> ghy; kw;Wk; jhdpaf; fyit 
Nghd;wit gygbj;jhd fyitfs; MFk;.  
 
gygbj;jhd (M) fyitfs;  
 
fyitfisg; gphpj;njLj;jy;:  
 
ngUk;ghyhd fyitfspy; gaDs;s nghUs;fs; gadw;w nghUs;fSld; fye;Js;sd. 
gaDs;s nghUs;fisg; ngWtjw;F Ntjpapayhsh;fs; mtw;iw khRf;fspypUe;J 
gphpj;njLf;fpd;wdh;. mt;thW gphpj;njLg;gjw;F Njh;e;njLf;Fk; KiwahdJ me;jf; 
fyitapYs;s gFjpg; nghUs;fspd; gz;Gfs; kw;Wk; ,aw;gpay; jd;ikfisg; nghWj;J 
mikfpwJ.  
 
gjq;fkhjy;  
rpy jpz;kg; nghUl;fis ntg;gg;gLj;Jk;NghJ> mit jput epiyia khw;wkilfpd;wd. 
Mtpiaf; Fspu itf;Fk;NghJ kPz;Lk; jpz;kj;ijj; jUfpd;wJ. ,e;epfo;tpw;F gjq;fkhjy; 
vd;W ngah;. v.fh: mNahbd;> fw;G+uk;> mk;Nkhdpak; FNshiuL Nghd;wit.  
 
fyitapy; cs;s nghUl;fisg; gphpj;njLf;Fk; Kiwfs;:  
 

fyitapd; tif fyitfs; gphpj;njLf;Fk; Kiw 
 
 
 
 
 
gygbj;jhd fyit 

jpz;kk; kw;Wk; jpz;kk; ifahy; nghWf;fpnaLj;jy;> 
rypj;jy; fhw;why; 
J}w;Wjy;> fhe;jg;gphpif 
gjq;fkhjy;  

fiuahj jplg;nghUs; kw;Wk; 
jputk;  

tPo;gbtjhy; kw;Wk; njspa 
itj;J ,Wj;jy;> Vw;Wjy;> 
tbfl;Ljy;> ika 
tpyf;fy;. 

xd;whff; fythj jputq;fs;  njspa itj;J ,Wj;jy;> 
gphpGdy; 

 
 
xUgbj;jhd fyit  

fiuAk; jplg;nghUs; kw;Wk; 
jputk;  

Mtpahjy;> fha;r;rp 
tbj;jy;> gbfkhf;fy; 

fyf;Fk; gz;Gs;s jputq;fs;  gpd;df; fha;r;rp tbj;jy;  
,uz;L my;yJ mjw;F 
Nkw;gl;l jplg;nghUl;fs; 
nfhz;l fiury;  

tz;zg;gphpif Kiw  

 
JisAila fy;ehh; jfl;bdhy; %b itf;fg;gLfpwJ. glj;jpy; fhz;gpj;Js;sthW fy;ehh;j; 
jfl;bd; Nky; Gdy; xd;W ftpo;j;J itf;fg;gLfpwJ. Gdypd; jpwe;j KidahdJ gQ;rpdhy; 
milf;fg;gl;L> gPq;fhd; fpz;zk; ftdj;Jld; ntg;gg;gLj;jg;gLfpwJ. vspjpy; Mtpahff; $ba 
jpz;kj;jpd; Mtp fy;ehh;j; jfl;by; cs;s Jisfspd; topahfr; nrd;W Gdypd; cs;gf;fj;jpy; 
Fsph;fpwJ. Mtpahfhj khRf;fs; gPq;fhd; fpz;zj;jpNyNa jq;fp tpLfpd;wd.  
 
ikatpyf;F Kiw:  
,k;KiwahdJ jputj;jpy; vspjpy; gbahj kpfr; rPuhd kw;Wk; kpfr; rpwpa jplj; Jfs;fisg; 
gphpf;fg; gad;gLfpwJ. fyitahdJ ika tpyf;F ,ae;jpuj;jpy; cs;s ika tpyf;Ff; 
Fohapy; vLj;Jf; nfhs;sg;gl;L ika tpyf;Ff;F (Row;wg;gLfpwJ) cl;gLj;jg;gLfpwJ. 
mt;thW RoYk; NghJ Fohapd; mbapy; jplg;nghUs; gbfpwJ kw;Wk; NkNy cs;s njspe;j 
ePh;kk; rha;j;J tbf;fg;gLfpwJ.  
 
ikatpyf;F Kiw ghy; nghUs;fspy; ghyhiliaAk;> nfhOg;gpidAk; ePf;fp gjg;gLj;jg;gl;l 
ghy; jahhpf;f gad;gLfpwJ. ryit ,ae;jpuq;fspy; ,e;j jj;Jtj;jpd; %yNk 
<uj;JzpapypUf;Fk; ePH; gpope;J ntsNaw;wg;gLfpwJ. Neha; fz;lwpAk; ghpNrhjidf; $lq;fspy; 
,uj;jj;jpypUe;J ,uj;j nry;fisg; gphpj;njLf;fTk; ,k;Kiw cjTfpwJ.  
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fiug;ghd; rhW ,uf;fy;:  
 
xd;whff; fythj jputq;fis fiug;ghd; rhW ,wf;fy; Kiw %yk; gphpf;fyhk;. 
,k;KiwahdJ> xU fiug;ghdpYs;s ,uz;L jdpj;jdpahd jputq;fspd; fiujpwd; 
tpj;jpahrj;ij mbg;gilahff; nfhz;L nray;gLfpwJ. vLj;Jf;fhl;lhf> vz;nza; kw;Wk; 
ePh;f;fyitia gphpGdy; %yk; gphpf;fyhk;. fiug;ghd; rhW ,wf;fy; Kiw kUe;jhf;f kw;Wk; 
ngl;Nuhypa njhopw;rhiyfspy; gad;gLfpwJ.  
 
fiug;ghd; rhW ,wf;fy; vd;gJ gd;ndLq;fhykhf gad;gLj;jg;gl;L tUk; Kiw 
MFk;. thridj; jputpaq;fs; jahhpj;jy; kw;Wk; gy;NtW %yq;fspypUe;J rhaq;fs; 
jahhpj;jypy; ,J gad;gLfpwJ. 
 
vspa fha;r;rp tbj;jy;:  
 
vspa fha;r;rp tbj;jy; xU fiurypypUe;J J}a jputj;ijg; ngWtjw;fhd KiwahFk;. ,J 
Mtpahjy; kw;Wk; Fsph;tpj;jypd; $l;lhFk;.  
 
fha;r;rp tbj;jy; = Mtpahjy; + Fsph;tpj;jy;  
 
,e;j Kiwapy; jputj;ij Mtpahf;Ftjw;fhf fiury; ntg;gg;gLj;jg; gLfpwJ. ePuhtpiaf; 
Fsph;tpf;Fk;NghJ J}a jputk; fpilf;fpwJ. vLj;Jf;fhl;lhf> gy ehLfspy; fly; ePhpypUe;J 
FbePh; ,k;Kiw %yk; ngwg;gLfpwJ. 25 K nfhjpepiy NtWghLs;s ,uz;L jputq;fs; 
nfhz;l fiuriyg; gphpj;njLf;f ,k;KiwahdJ gad;gLfpwJ.  
 
fha;r;rp tbj;jy; FLitahdJ ePh; Fsph;tpg;ghd; mikg;Gld; ,izf;fg;gl;Ls;sJ. 
cgfuzj;jpd; mikg;G glj;jpy; cs;sthW mikf;fg;gl;Ls;sJ. fha;r;rp tbj;jy; FLitapy; 
cs;s milg;ghdpd; xU Jis topNa ntg;gepiykhdp nrUfg;gl;Ls;sJ. 
ntg;gepiykhdpapd; Fkpop gf;ff; Foha;fSf;Ff; fPNo cs;sthW mikf;fg;gl;Ls;sJ.  
 
fha;r;rp tbf;f Ntz;ba> cg;G ePiu FLitapy; vLj;Jf;nfhz;L nfhjpf;Fk; tiu 
#LgLj;jg;gLfpwJ. J}a ePuhtpahdJ Fsph;tpg;ghdpd; cl;Foha; topNa flf;fpwJ. MtpahdJ 
Fsph;tpf;fg;gl;L J}a ePuhf Nrfhpg;ghdpy; Nrfhpf;fg;gLfpwJ. cg;ghdJ FLitapd; mbapy; 
tz;lyhfj; jq;fp tpLfpwJ.  
 
gpd;df; fha;r;rp tbj;jy;:  
 
,uz;L my;yJ ,uz;bw;F Nkw;gl;l nfhjpepiy NtWghby;yhj fiuaf;$ba jputq;fis 
(nfhjpepiy NtWghL 25K f;F Fiwthf ,Uf;fNtz;Lk;) gphpf;f gpd;df; fha;r;rp tbj;jy; 
Kiw gad;gLfpwJ.  
 
ngl;Nuhypa Ntjpj; njhopw;rhiyapy; ngl;Nuhypa gpd;dq;fisg; gphpf;fTk;> fhw;wpypUe;J 
thAf;fisg; gphpf;fTk;> nkj;jpy; My;f`hy; kw;Wk; vj;jpy; My;f`hy; Mfpatw;iwg; 
gphpj;njLf;fTk; gpd;df;fha;r;rp tbj;jy; Kiw gad;gLfpwJ.  
  
tz;zg;gphpif Kiw:  
tz;zg;gphpif Kiwapd; njhopy; El;gj;ij tpthjpg;gjw;F Kd; mjpy; gad;gLj;jg;gLk; ,U 
Kf;fpakhd nrhw;nwhlh;fisg; ghh;g;Nghk;. mit: cwpQ;Rjy; kw;Wk; gug;Gf; fth;jy;.  
 
cwpQ;Rjy;: xU nghUs; ngUkstpy; kw;nwhU nghUshy; cl;ftug;gLk; epfo;T. cjhuzkhf 
ePhpy; Njha;f;fg;gl;l fhfpjk; cwpQ;rpahfr; nray;gl;L ePiu cwpQ;RfpwJ.  
 
gug;Gf;fth;jy;: xU nghUspd; Nkw;gug;gpy; NtnwhU nghUspd; Jfs;fs; (thA> ePH;kk; my;yJ 
fiuf;fg;gl;l jpz;kkhf ,Uf;fyhk;) ftug;gLk; epfo;T.  
 
vLj;Jf;fhl;lhf> xU Rz;zf;fl;bj; Jz;bid ePyepw ikapDs; Cwitf;Fk; NghJ mjd; 
Nkw;gug;G ePy epw %yf;$Wfisg; gug;Gf;fth;e;J nfhs;fpwJ. cl;Gwk; ikapd; fiug;ghd; 
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%yf;$Wfis Mokhf cwpQ;rpf; nfhs;fpwJ. vdNt> Cwitj;j Rz;zf;fl;bapid 
cilj;jhy; cl;Gwk; epwkw;wjhfTk; Nkw;gug;G ePy epwkhfTk; njhpAk;.   
 
tz;zg;gphpif Kiw xU gphpj;njLf;Fk; njhopy; El;gkhFk;. xU fyitapYs;s gy;NtW 
$Wfs;> xNu fiug;ghdpy;> ntt;Ntwhff; fiuAk; jpwidg; ngw;wpUf;Fk; vd;w jj;Jtj;jpd; 
mbg;gilapy; tz;zg;gphpif Kiw fyitfisg; gphpj;njLf;fg; gad;gLfpwJ. xNu 
mbg;gilj; jj;Jtj;jpd; mbg;gilapy; nray;gLk; gy;NtW tifahd tz;zg; gphpif 
Kiwfs; cs;sd. jhs; tz;zg;gphpif Kiw vd;gJ vspikahd tifahFk;.  
  
jhs; tz;zg;gphpifKiw:  
 
vOJk; ikapy; cs;sgy;NtWepwKs;srhaq;fisg; gphpj;njLf;fxUtz;zg;gphpifj; jhspy; 
xUJspvOJk; ik (rhd;W: fUg;GepwvOJk; ik) ,lg;gLfpwJ. ,e;jj; jhs; glj;jpy; 
fhl;lg;gl;Ls;sthW>jFe;jfiug;ghdpy; itf;fg;gLfpwJ. fUg;Gepwikmjd; gFjprhaq;fshfg; 
gphpfpwJ. jhspd; kPJfiug;ghd; NkNyWk; NghJ>rhaq;fs; mjDld; vLj;Jr; 
nry;yg;gl;Lgphpifailfpd;wd.  
 
fiug;ghdpy;>rhaq;fspy; ntt;NtwhdfiuAk; jd;iknfhz;Ls;sjhy;>mittz;zg;gphpifj; 
jhspy; ntt;NtWvy;iyfSf;Fg; gug;Gftug;gl;Lgphpj;njLf;fg;gLfpd;wd. 
fpilf;fg;ngw;wtz;zg;gphpiftiuglk;>fUg;GepwikakhdJ %d;Wrhaq;fisf; nfhz;Ls;sijf; 
fhl;LfpwJ.  
 
fiury;fs; :  
,uz;Lmy;yJmjw;FNkw;gl;l J}a nghUs;fs; Nrh;e;jxUgbj;jhdfyitNafiury; MFk;. 
xUfiurypy; ve;jg; nghUs; Fiwe;jmsT (epiwapy;) cs;sNjhmJfiunghUnsdTk;>ve;jg; 
nghUs; mjpfmsTepiwapy; cs;sNjhmJfiug;ghd; vdTk; miof;fg;gLfpwJ.  
 
fiunghUs; + fiug;ghd; → fiury;  
vLj;Jf;fhl;L : cg;G+ ePh; →cg;Gf; fiury;  
 
fyitapd; tiffs;:  
nghUs;fspy; cs;s Jfs;fspd; msitg; nghWj;J>fiury;fs; %d;Wtifg;gLk;. 
mt;tifg;ghl;bid xUnray;ghl;bd; %yk; ehk; mwpNthk;.  rh;f;fiuf; fiuriy cw;WN 
ehf;fpdhy;> mJ njspthd fiuryhf ,Ug;gijf; fhzKbAk;. NkYk; mf;fiurypd; Jfs;fs; 
gbtjpy;iy. ,f;fiury; cz;ikf; fiury; vdg;gLfpwJ.  
];lhh;r; kw;Wk; ePh;f; fyitiavLj;Jf;nfhz;lhy;>mJNkfk; Nghd;WNjhd;Wk;. ,t;tifahd 
fiury; $o;kf;fiury; vdg;gLfpwJ.  
NfhJik khit ePHpy; fyf;Fk;NghJ> njhlf;fj;jpy; fyq;fyhd fyit cUthfpwJ. rpwpJ 
Neuj;jpw;Fg; gpd; mjd; Ez;zpa Jfs;fs; mbapy; gbfpd;wd. ,f;fiury; njhq;fy; 
vdg;gLfpwJ.  
 
njhq;fy;> $o;kf;fiury; kw;Wk; cz;ikf; fiurYf;fpilahd NtWghL  
 

gz;G njhq;fy; $o;kf;fiury; cz;ikf; fiury; 
Jfspd; cUt msT >100 nm 1 ypUe;J 100 nm <100 nm 
tbfl;b gpbj;jy;  ,aYk;l  ,ayhJ ,ayhJ 
Jfs;fs; gbjy; jhdhfNt gbAk; ika tpyf;fk; 

nra;jhy; gbAk; 
gbahJ 

Njhw;wk; xsp cl;GfhjJ gFjp xsp CLUtf; 
$baJ 

xsp CLWtf; $baJ 

bz;lhy; tpisT  fhz;gpf;fpwJ. fhz;gpf;fpwJ fhz;gpg;gjpy;iy  
Jfs;fs; tpuTjy; tpuTtjpy;iy nkJthf tpuTfpwJ Ntfkhf tpuTfpwJ 
gpnusdpad; ,af;fk;  fhz;gpf;fyhk; fhz;gpf;fpwJ fhz;gpf;fyhk; / 

fhz;gpg;gjpy;iy 
jd;ik  gygbj;jhdit  gygbj;jhdit  xU gbgj;jhdit 
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$o;kf; fiury;fs;:  
 
$o;kf; fiury; vd;gJ gutpa epiyik kw;Wk; guty; Clfk; nfhz;l gygbj;jhd 
mikg;ghFk;.  
gutpa epiyik my;yJ guty; Clfk; Mfpait jpz;kk;> jputk; my;yJ thAthf 
,Uf;fyhk;> nkhj;jk; vl;L tifahd NtWgl;l $Liffs; rhj;jpak;  
 
gpnusdpad; ,af;fk;:  
 
,J xU ,af;fg; gz;ghFk;> $o;kf; fiury;fisnrwpTkpf;fEz;Nzhf;fpahy; ghh;f;Fk; NghJ> 
$o;kj;Jfs;fs; ,q;Fkq;FkhfxOq;fw;wepiyapy; rPuhfTk; NtfkhfTk; efh;e;Jnfhz;bUg;gijf; 
fhzKbAk;. ,e;jefh;Ntgpnusdpad; efh;T (m) gpnusdpad; ,af;fk; vdg;gLfpwJ. Jfs;fspd; 
gpnusdpad; ,af;fj;jpw;Ff; fhuzkhfmiktJguty; Clfj;jpYs;s 
%yf;$WfSld;>gutpaepiyik %yf;$Wfs; rkepiyaw;wKiwapy; Nkhjpf;nfhs;tNjMFk;.  
bz;lhy; tpisT:  
xUtYthdxspf;fw;iwia $o;kf; fiurypd; topNanrYj;Jk;NghJxspf;fw;iwapd; 
ghijiaghh;f;fKbAk; vd;gijbz;lhy; (1869) vd;gth; fz;lwpe;jhh;. ,e;epfo;r;rpbz;lhy; 
tpisTvd;Wk; mt;thWxspUk; ghijbz;lhy; FtpiftbTvd;Wk; miof;fg;gLfpwJ. 
,j;jifaepfo;Tcz;ikf; fiurypy; cz;lhtjpy;iy.   
ghy;kk; - xUrpwg;Gtif $o;kk;:  
ghy;kk; vd;gJxd;Wld; xd;Wfythj ,uz;Ljputq;fisr; Nrh;g;gjpdhy; cUthFk; 
xUrpwg;GtifahdfyitMFk;. ,J 
 
gutpaepiyikkw;Wk; guty; Clfj;jpd; ,ay;Gepiyiambg;gilahff; nfhz;L 
$o;kq;fistifg;gLj;jy;:  
 

gutpaepiyik guty; 
Clfk; 

ngah; vLj;Jf;fhl;L 

jpz;kk; jpz;kk; jpz;kf; 
fiury; 

cNyhff;fyit>tpiycah;e;jfw;fs;>tz;zf; 
fz;zhb 

jpz;kk; jputk; fiury; th;zk;>ik>Kl;ilapd; ntz;ikg; gFjp 
jpz;kk; thA J}rpg;gly; Gif> J}rp 
jpz;kk; jpz;kk; $o; japh;>ghyhilf;fl;b> n[y;yp 
jputk; jputk; ghy;kk; ghy;>ntz;nza;>ePh; vz;nza; fyit 
jputk; thA J}rpg;glyk; %Lgdp>gdp>Nkfk; 
thA jpz;kk; jpz;kEiu Nff;>nuhl;b 
thA jputk;  Eiu Nrhg;GEiu>fhw;W}l;;lg;gl;lePh; 

 
,ay;ghf Ntfyg;gjpy;iy. ghy;kk; vd;gJ yj;jPd; thh;j;ijapypUe;J ngwg;gl;ljhFk;.  
,jd; mh;j;jk; ghyhf;fy; (ghy; vd;gJ nfhOg;Gk;> ePUk; fye;j xU ghy;kj;jpw;F 
vLj;Jf;fhl;lhFk;) vdg;gLk;. jputf; fyit ghy;kkhf khwf;$ba epfo;T ghy;kkhf;fy; 
vdg;gLfpwJ. ghy;> ntz;nza;> ghy;Fotp> Kl;ilapd; kQ;rs;fU>  th;zk;> ,Uky; kUe;J> 
Kfg;G+r;R> G+r;rpf;nfhy;ypkUeJ; Nghd;witghy; kj;jpw;fhd rpy nghJthd 
vLj;Jf;fhl;LfshFk;.  
 
ghy;kq;fspd; tiffs;:  
 
,uz;Ljputq;fs; fye;J ntt;NtW tifahd ghy;kq;fis cUthf;Ffpd;wd. 
vLj;Jf;fhl;lhfvz;nza; kw;Wk; ePh; ,uz;Lk; fye;JePhpy; vz;nza; vd;wghy;kk; cUthfpwJ. 
(v/eP–v.fh. ghy;Fotp). ,q;Fvz;nza;j; Jspfs; ePHpy; gutpAs;sdmy;yJvz;nzapy; ePh; 
vd;wghy;kj;ijcUthf;Ffpd;wd. (eP/v –v.fh. ntz;nza;) ,q;Fvz;nzapy; ePHgutpAs;sJ. 
czTgjg;gLj;Jk; Kiw>kUe;Jfs;>cNyhftpay; kw;Wk; gyKf;fpakhdnjhopw;rhiyfspy; 
ghy;kq;fspd; gad;ghLfs; kpFe;jmstpy; fhzg;gLfpd;wd.  
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9THmwptpay; 
myF – 11 

mZ mikg;G  
 

mwpKfk;:  
 
xU Foe;ij nghk;ikapDs; cs;sijf; fhz tpUg;gq;nfhs;tijg;Nghy> mwptpayhsh;fs; 
mZf;fspDs;Ns cs;s Jfs;fs; vd;dntd;gij fz;lwpe;J> ,e;jj; Jfs;fs; vt;thW 
mZtpy; mikf;fg;gl;bUf;fpd;wd vd;gijAk; fz;Lgpbf;f tpUk;gpdhh;fs;. ,jid 
tpsf;Ftjw;F gy mwptpayhsh;fs; gy;NtW mZf;nfhs;iffis cUthf;fpdhh;fs;.  
  
mtw;Ws; lhy;ldpd; mZf;nfhs;if kw;Wk; N[.N[ jhk;rdpd; nfhs;iffis ehk; vl;lhk; 
tFg;gpy; gbj;Js;Nshk;. kw;w gpw mZf; nfhs;iffisAk;> mZf;fspd; mbg;gilj; 
Jfs;fisAk; ,g;ghlj;jpy; gapd;W mj;Jfs;fs; mZf;fspy; vt;thW mike;Js;sd 
vd;gijAk; fw;Nghk;.  
 
mZf;fU fz;Lgpbg;G:  
ikaj;jpypUf;Fk; cl;fUtpidr; Rw;wpAs;s Mh;gpl;Lfspy; mjd; vyf;l;uhd;fs; Roy;fpd;wd. 
jq;fj; jfl;bd; kPJ kpfr; rpwpa Neh; kpd; Jfs;fshd My;gh fjph;fis tpor;nra;J 
jd;Dila cyf gpurpj;jp ngw;w jq;fj;jfL mZ Ma;T Nrhjidia epfo;j;jpdhh;. jq;fk; 
kpfTk; nky;ypa cNyhfkhfTk;> vspjpy; jflhff; $bajhfTk; ,Ug;gjhy; mth; jq;fj; 
jfl;bidj; Njh;e;njLj;jhh;.  
  
,r;Nrhjidapd; NghJ fPo;fz;ltw;iw mth; ftdpj;jhh;:  

1. ngUk;ghyhd My;gh Jfs;fs; jq;fj; jfl;bDs; CLUtp Neh;Nfhl;Lg; ghijapy; 
nrd;wd.  
 

2. rpy My;gh Jfs;fs; Neh;Nfhl;Lg; ghijapy; ,Ue;J rpW Nfhzj;jpy; tpyf;fk; 
mile;jd.  
 

3. kpff; Fiwe;j My;gh Jfs;fs; te;j ghijapNyNa jpUg;gp mDg;gg;gl;ld.  
 

,e;j My;gh Jfs;fs; rpjwyilAk; Ma;tpd; KbTfis nghJikg;gLj;jp xU mZf; 
nfhs;ifapid &jh;Nghh;L cUthfpdhh;. ,JNt &jh;Nghh;L mZf; nfhs;if vd;W 
miof;fg;gLfpwJ.  
 
&jh;Nghh;L mZf;nfhs;if:  
 
,e;j mZf;nfhs;ifapd; Kf;fpaf; fUj;Jf;fs;:  
 

1. mZtpd; ngUk;gFjp ntw;wplkhf cs;sJ.  
 

2. mZtpd; ikaj;jpYs;s mjpf Neh;kpd; RikAila gFjp cl;fU vdg;gLfpwJ.  
 

3. mZtpd; msit xg;gpLk;NghJ cl;fUtpd; msT kpfr;rpwpajhf cs;sJ.  
 

4. vyf;l;uhd;fs; cl;fUitr; Rw;wp tUk; tl;lg;ghij Mh;gpl; vd;wiof;fg;gLfpwJ. 
 

5. xl;L nkhj;jkhf xU mZ eLepiy tha;e;jJ MFk;. mjhtJ> mZtpYs;s 
GNuhl;lhd;fs; kw;Wk; vyf;l;uhd;fspd; vz;zpf;if rkkhf ,Uf;Fk;.  
 

&jh;Nghh;bd; mZ mikg;G #hpa FLk;gj;jpd; mikg;NghL xj;Js;sJ. #hpa FLk;gj;jpd; 
ikaj;jpypUf;Fk; #hpaidr; Rw;wp mjd; Nfhs;fs; Roy;tijg;Nghy xU mZtpd; 
ikaj;jpypUf;Fk; cl;fUtpidr; Rw;wpAs;s Mh;gpl;Lfspy; mjd; vyf;l;uhd;fs; Roy;fpd;wd.  
 
&jh;Nghh;L mZf; nfhs;iffs; tuk;Gfs;:  
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kpd;fhe;jf nfhs;ifg;gb> Ntfkhf ,aq;fpf; nfhz;bUf;Fk; vyf;l;uhd; njhlh;e;J Mw;wiy 
,of;f Ntz;Lk;. ,t;thW Mw;wiy ,og;gjhy;> vyf;l;uhd; mZf;fUitr; Rw;wptUk; ghij 
RUq;fp ,Wjpapy; mZf;fUtpDs; tpo Ntz;Lk;. ,t;thW epfo;e;jhy; mZ mjd; 
epiyg;Gj;jd;ikia ,of;f NehpLk;. Mdhy; mZ epiyg;Gj; jd;ik cilaJ. ,jdhy; 
&jh;Nghh;L nfhs;if mZtpd; epiyg;Gj; jd;ikia tpsf;f ,aytpy;iy.  
 
Nghhpd; mZf; nfhs;if:  
 
1913-Mk; Mz;by;> nld;khh;f; ehl;ilr; Nrh;e;j ePy;];Nghh; vDk; ,aw;gpayhsh;> mZtpd; 
epiyg;gj; jd;ikia epahag;gLj;Jtjw;fhf Gjpa mZf; nfhs;ifapid cUthf;fpdhh;. 
mjd; Kf;fpaf; fUj;Jf;fs;:  
  

1. xh; mZtpy; vyf;l;uhd;fs; epiyahd tl;lg;ghijapy; mZf;fUitr; Rw;wp tUfpd;wd. 
,t;tl;lg; ghijfs; Mh;gpl;Lfs; my;yJ mw;wy; kl;lq;fs; vd miof;fg;gLfpd;wd.  
 

2. xNu tl;lg;ghijapy; vyf;l;uhd;fs; Rw;wp tUifapy; Mw;wiy ,og;gNjh my;yJ 
Vw;gNjh ,y;iy.  
 

3. xU Mw;wy; kl;lj;jpypUf;Fk; vyf;l;uhd; cah; my;yJ Fiwe;j Mw;wy; kl;lj;jpw;F 
efUk; NghJ Mw;wiy Vw;fNth my;yJ ,of;fNth nra;Ak;.  
 

4. ,t;tl;lg; ghijfs; 1, 2, 3, 4 my;yJ K, L,. M, N vdg; ngahplg;gLfpd;wd.  
 
cl;fUtpw;F mUfhikapy; ,Uf;Fk; K $L (n = 1) Fiwe;j mw;wiy cilaJ. L, M, N 
........ Mfpad mLj;jLj;j cah; Mw;wy; kl;lq;fs; MFk;. cl;fUtpypUe;J njhiyT 
mjpfhpf;Fk; NghJ> MH;gpl;bd; Mw;wYk; mjpfhpf;fpwJ. xt;nthU Mh;gpl;Lk; epiyahd Mw;wy; 
mstpidg; ngw;wpUg;gjhy;> mtw;iw Mw;wy; epiy my;yJ Mw;wy; kl;lq;fs; vd Nghh; 
mioj;jhh;.  
  
Nghh; mZf; nfhs;ifapd; FiwghLfs;:  
i`l;u[d; kw;Wk; i`l;u[d; Nghd;w (He+, Li2+, Be3+) madpfSf;F kl;LNk Nghhpd; 
mZf;nfhs;if nghUe;Jk;. ,e;j mZf;nfhs;if> gy vyf;l;uhd;fis cila mZf;fSf;F 
tphpthf;fk; nra;ag;gltpy;iy.  
 
epA+l;uhd; fz;Lgpbg;G:  
  1932 ,y; N[k;]; rhl;tpf; vd;Dk; mwptpayhh; nghpypak; cl;fUit My;/gh 
fjpuhy; jhf;Fk;NghJ GNuhl;lhd;fSf;F ,izahd epiw cs;s Jfs;fs; ntspNaWtijf; 
fz;lwpe;jhh;.  
  nghpypak; + My;/gh fjph; →fhh;gd; + epA+l;uhd;  
,j;Jfs;fSf;F kpd;Rik VJk; ,y;iy. ,it epA+l;uhd;fs; vd;W miof;fg;gl;ld. 
epA+l;uhd;fs; 0n1vd Fwpf;fg;gLfpd;wd.  
 
epA+l;uhd;fspd; gz;Gfs;:  
 
1. ,e;Jfs; kpd; my;yJ fhe;jg; Gyj;jpdhy; tpyf;fkiltjpy;iy. vdNt> ,J xU 

kpd;Rikaw;w eLepiyahd JfshFk;.  
2. mjd; epiw 1,676 × 10-24fp (1 amu) MFk;.  
3.  
1920-Mk; Mz;L mZtpd; cl;fUtpy; eLepiyj;jd;ik cila Jfs; xd;W cs;sJ vd 
&jh;Nghh;L jPh;khdpj;jhh;. N[k;]; rhl;tpf; epA+l;uhidf; fz;lwpe;jhh;. ,th; &jh;Nghh;bd; 
khztd;.  
 
mbg;gilj; Jfs;fspd; gz;Gfs;:  
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xU mZ gy;NtW mbg;gilj; Jfs;fspdhy; fl;likf;fg;gl;Ls;sJ. vdpDk;> vyf;l;uhd;> 
GNuhl;lhd; kw;Wk; epA+l;uhd; Mfpa %d;W mbg;gilj; Jfs;fSk; mZtpd; mikg;gpidg; 
Ghpe;J nfhs;tjpy; ngUk; gq;fhw;Wfpd;wd. mtw;wpd; gz;Gfs; fPNo ml;ltizg; 
gLj;jg;gl;Ls;sd.  
 

Jfs; FwpaPL kpd;Rik 
(kpd;dyF) 

epiw 
(amu) 

epiw (grams) 

vyf;l;uhd; -1e0 -1 1/1837 9.1 × 10-28 
GNuhl;lhd;  1H1 +1 1 1.6 × 10-24 
epA+l;uhd;  0n1 0 1 1.6 × 10-24 

 
 
xU mZtpy; ,uz;L fl;likg;Gg; ghfq;fs; cs;sd. mit cl;fU kw;Wk; ntw;wpl 
,ilntspfspYs;s fw;gidg; ghijfshd Mh;gpl;LfshFk;.  
 
epA+f;spa];: xU mZtpd; cl;fUtpy; GNuhl;lhd;fs; kw;Wk; epA+l;uhd;fs; ($l;lhf 
epA+f;spahd;fs;) fhzg;gLfpd;wd.  
 
Mh;gpl;: vyf;l;uhd;fs; cl;fUtpidr; Rw;wp tUk; tl;lg;ghij Mh;gpl; vdg;gLk;.  
 
mZtpd; mbg;gilj; Jfs;fshd GNuhl;lhd;fs;> epA+l;uhd;fs;> vyf;l;uhd;fs; ePq;fyhf> 
mZtpd; cl;fUtpy; cs;s gpw mbg;gilj; Jfs;fshtd: nkrhd;fs;> 
epA+l;hpNdhf;fs;> Md;bepA+l;hpNdhf;fs;> ghrpl;uhd;fs;.  
 
mZ vz; kw;Wk; epiw vz;:  
 
i`l;u[d; mZtpd; cl;fUtpy; xU GNuhl;lhd; kl;LNk cs;sJ. `Pypak; mZtpy; ,uz;L 
GNuhl;lhd;fs; cs;sd. jq;fj;jpd; mZtpy; 79 GNuhl;lhd;fs; cs;sd. vdNt> mZtpd; 
cl;fUtpypUf;Fk; GNuhl;lhd;fspd; vz;zpf;ifNa> mJ vt;tifj; jdpkk; vd;gjid 
eph;zapf;fpwJ. ,j;jifa  
Kf;fpaj;Jtk; tha;e;j vz; mZ vz; (GNuhl;lhd; vz;) vdg;gLfpwJ.  
 mZ vz; = GNuhl;lhd; vz;zpf;if = vnyf;l;uhd; vz;zpf;if  
xU mZtpd; nkhj;j epiwapid GNuhl;lhd;fs; kl;LNk eph;zapg;gjpy;iy. epA+l;uhd;fSk; 
cl;fUtpy; nkhj;j epiwf;F gq;fspf;fpwJ. mZtpd; nkhj;j epiwia xg;gpLk; NghJ kpff; 
Fiwe;j epiwiag; ngw;Ws;s vnyf;l;uhdpd; epiw Gwf;fzpf;fj;jf;fJ. GNuhl;lhd;fs; kw;Wk; 
epA+l;uhd;fspd; epiw rkkhf ,Ug;gjhy;> xU Fwpg;gpl;l mZtpd; nkhj;j epiw ,t;tpuz;L 
epiwfspd; $l;L kjpg;ghFk;. ,f;$l;L kjpg;Ng xU mZtpd; epiw vz; (my;yJ epA+f;spahd; 
vz;) vd;W miof;fg;gLfpwJ.  
 
ve;j xU jdpkj;jpYk;> mZ vz; jdpkj;jpd; FwpaPl;bw;F fPNoAk;> epiw vz; NkNyAk; 
Fwpg;gplg;gLfpwJ.  

 
vLj;Jf;fhl;lhf> iel;u[dpd; FwpaPL 14

7 N  

   iel;u[dpd; mZ vz; = 7 
   iel;u[dpd; epiw vz; = 14 
xU jdpkj;jpYs;s mZtpd; epiw vz; kw;Wk; mZ vz;zpd; NtWghL> mj;jdpkj;jpd; 
mZtpYs;s epA+l;uhd;fspd; vz;zpf;ifia toq;FfpwJ.  
 epA+l;uhd;fspd vz;zpf;if (n) = epiw vz; (A)– mZ vz; (Z) 
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 vLj;Jf;fhl;lhf 24

12 Mg ,y; cs;s epA+l;uhd;fspd; vz;zpf;if 24 12

( ) ( )( ) 12A Zn = = − =  

 

mZ vz; ‘Z” tbtj;jpy; Vd; tbtikf;fg;gl;Ls;sJ? ‘Z’ vd;why; ];]h/y; (Zahl) 
n[h;khdpa nkhopapy; ‘vz;’ vd;W ngHUs; ‘Z’ vd;gij mZ];]h/y; (Atom Zahl) 
my;yJ mZ vz; vdyhk;l. ‘A” vd;fpd;w FwpaPL M, n[h;khdpa nkhopapy; 
khnrd;];]hy; vd;fpw FwpaPl;Lf;Fg; gjpyhf>ACS topKiwapy; mwpKfk; 
nra;ag;gl;Ls;sJ.  
  
xU jdpkj;jpd; mZtpd; epiwvz; 39> epA+l;uhd;fspd; vz;zpf;if 20 vdpy; mjd; 
mZ vz;izf; fzf;fpL. kw;Wk; mj;jdpkj;jpd; ngaiuf; fz;Lgpb.  
jPh;T:  
epiw vz; = mZ vz; + epA+l;uhd;fspd; vz;zpf;if  
mZ vz; = epiw vz; - epA+l;uhd;fspd; vz;zpf;if  
= 39 – 20 = 19 
mZ vz; 19-If; nfhz;l jdpkk; nghl;lhrpak; MFk;. 
 
mZf;fspd; vyf;l;uhd; gfph;T:  
vyf;l;uhd;fs; Mh;gpl; vdg;gLk; tl;lg;ghijfspy; cl;fUitr; Rw;wp tUfpd;wd vd;ij eP 
mwptha;. Mh;gpl;Lfs; xt;nthd;wpw;Fk; vyf;l;uhd;fisg; gfph;e;J epug;Gjy; vyf;l;uhd; gfph;T 
vdg;gLk;. mZf;fspy; cs;s ,e;j Mh;gpl;Lfspy; vyf;l;uhd;fs; gfph;e;J epug;gg;gLtJ> 
Fwpg;gpl;l tpjpfs; (m) epge;jidfSf;Fl;gl;Nl efpo;fpwJ. ,t;tpjpfs; vyf;l;uhd; 
mikg;Gf;fhd Nghh; kw;Wk; ghptpjpfs; vd;W miof;fg;gLfpd;wd.  
 
mZtpd; $Lfspy; vyf;l;uhd; gq;fPl;Lf;fhd tpjpfis Nghh; kw;Wk; Ghp MfpNahh; gpd;tUkhW 
Kd; nkhope;jdh;.  
 
tpjp (1) : xU tl;lg;ghijapy; ,lq;nfhs;Sk; mjpfgl;r vyf;l;uhd;fspd; vz;zpf;if 2n2 
vd;w tha;g;ghl;lhy; fzf;fplg;gLfpwJ. n vd;gJ Kjd;ik Fthz;lk; vz; MFk;. (mjhtJ 
cl;fUtpypUe;J $l;bd; thpir vz;)  
 

Mh;gpl; n ,d; 
vz;zpf;if 

vyf;;l;uhd; 
vz;zpf;if 2n2 

K 1 2 ×12 = 2 

L 2 2  × 22 = 8 

M 3 2 × 32 = 18 

N 4 2 × 42 = 32 
 
tpjp (2) $Lfs; mtw;wpd; Mw;wy;fspd; VW thpirapy; vyf;l;uhd;fshy; gbg;gbahf 
epug;gg;gLfpd;wd.  
tpjp (3) xU mZtpd; ntsptl;l Mh;gpl;bdhy; $Ljyhf vyf;l;uhd;fisg; ngw Kbe;jhYk;. 
,e;j Mh;g;gpl;by; cs;s vyf;l;uhd;fspd; vz;zpf;if 8 f;F kpfhky; ,Uf;f Ntz;Lk;. 
vLj;Jf;fhl;lhf> 20 vyf;l;uhd;fisf; nfhz;l fhy;rpak; mZtpd; vyf;l;uhd; gfph;T.  
   K  L M  N 
   2 8 8 2 
fzf;fPL:  
 mYkpdpak; mZtpd; (13 vyf;l;uhd;fs;) vyf;l;uhd; gfph;itf; fzf;fpLf.  
jPh;T:  
 K– Mh;gpl; = 2 vyf;l;uhd;fs;  
 L– Mh;gpl; = 8 vyf;l;uhd;fs; 
 M– Mh;gpl; - 3 vyf;l;uhd;fs;  
 / mYkpdpaj;jpd; vyf;l;uhd; mikg;G 2> 8> 3 
GNuhl;lhd;fisAk; epA+l;uhd;fisAk; ,izf;Fk; tpirahdJ 
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<h;g;G tpiriaf; fhl;bYk; kpfTk; typikahdJ. ,J Afhth 
tpir vd miof;fg;gLfpwJ.  
 
jdpkq;fspd; mZ mikg;gpd; tiugl tpsf;fk;  
 
vLj;Jf;fhl;L:  

 16

8 O - Mf;rp[d; mZtpd; tiugl tpsf;fk;  

     epiw vz;  A = 16 
     mZ vz;  Z = 8 
  epA+l;uhd;fspd; vz;zpf;if   = A – Z = 16 – 8 = 8 
  GNuhl;lhd;fspd; vz;zpf;if  =8 
  vyf;l;uhd;fspd; vz;zpf;if   = 8 
    vyf;l;uhd; gfph;T  = 2, 6 
 
mZf;fs; kpf Ez;zpa epiw vz;fisg; ngw;Ws;sjhy; mtw;iw fpuhkpy; mstpl 
KbahJ. mit amu (mZ epiw myF) vd;Wk; mstplg;gLfpd;wd. ehNdhkPl;lh; 
vd;Wk; mstplg;gLfpd;wd. (1 nm = 10-9m) mZf;fs; kpfTk; Ez;zpa nghUshf 
cs;sjhy; mit ];Nfdpq; vyf;l;uhd; ikf;Nuh];Nfhg; (SEM) %yk; 
ghh;itaplg;gLfpd;wd.  
 
,izj;jpwd; vyf;l;uhd;:  
NkNy cs;s vLj;Jf;fhl;by; Mf;rp[d; mZtpd; ntsptl;l Mu;gpl;by; MW vyf;l;uhd;fs; 
cs;sd vd;gij ehk; fhzyhk;. ,e;j mW vyf;l;uhd;fs; ,izjpwd; vyf;l;uhd;fs; vd 
miof;fg;gLfpd;wd.  
 
mZtpd; cl;fUtpypUe:J filrpahf cs;s ntspf;$L ,izjpwd; $L vd;Wk;> mjpy; 
cs;s vyf;l;uhd;fs; ,izjpwd; vyf;l;uhd;fs; vd;Wk; miof;fg;gLfpd;wd. jdpkq;fspd; 
Ntjpg;gz;Gfs; mtw;wpd; ,izjpwd; vyf;l;uhd;fshy; jPh;khdpf;fg;gLfpd;wd. Vnddpy; mit 
kl;LNk Ntjp tpidapy; gq;Nfw;fpd;wd.  
 
ntsptl;lg;ghijapy; rk vz;zpf;ifapy; vyf;l;uhd;fis cila jdpkq;fs; xNu khjphpahd 
gz;Gfisf; nfhz;bUf;Fk;. NtWgl;l vz;zpf;ifapy; ,izjpwd; vyf;l;uhd;fis cila 
jdpkq;fs; ntt;NtW gz;Gfisf; nfhz;bUf;Fk;  
 
1, 2 my;yJ 3 ,izjpwd; vyf;l;uhd;fis cila jdpkq;fs; (i`l;u[idj; jtph;j;J) 
cNyhfq;fs; vdg;gLfpd;wd. ntspf;$l;by; 4 Kjy; 7 vyf;l;uhd;fs; tiu nfhz;l jdpkq;fs; 
mNyhfq;fs; vdg;gLfpd;wd.  
 
,izjpwd;:  
xU jdpkj;jpd; ,iz jpwd; vd;gJ mj;jdpkk; kw;nwhU jdpkj;Jld; NrUk; jpwdpd; msT 
MFk;. NkYk; mJ Ntjp tpidapy; gq;F ngWk; vyf;l;uhd; vz;zpf;iff;F rkkhf ,Uf;Fk;. 
1, 2, 3, 4 Nghd;w ,izjpwd; vyf;uhd;fis cila jdpkq;fspd; ,izjpwd; 1, 2, 3, 4 
MfNt ,Uf;Fk;. xU jdpkj;jpd; ,izjpwd; vyf;l;uhd;fs; 5, 6, 7 Mf ,Ue;jhy; mjd; 
,izjpwd; 3, 2, 1 MfNt ,Uf;Fk;. mjhtJ mZ epiyg;Gj;jd;ikia milaj; Njitahd 
8 vyf;l;uhd;fisg; ngw KiwNa>3,2,1 vyf;l;uhd;fs; Njitg;gLfpd;wd. mZtpd; ntspf;$L 
KOikahf vyf;l;uhd;fshy; epug;gg;gl;bUg;gpd;> mj;jdpkj;jpd; ,izjpwd; G+[;[pak; MFk;.  
 
v.fh: epahdpd; vyf;l;uhd; tbtikg;G 2,8 (KbT ngw;wJ). mjdhy;> mjd; ,izjpwd; 
G+[;[pak; MFk;.  
 
 
1 Kjy; 20 tiu cs;s jdpkq;fspd; vyf;l;uhd; gfph;T:  
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fzf;fPL 3 
nkf;dPrpak; kw;Wk; ry;/ghpd; ,iz jpwidf; Fwpg;gpL.  
jPh;T:  
nkf;dPrpaj;jpd; vyf;l;uhd; tbtikg;G 2, 8, 2 mjdhy; mjd; ,izjpwd; 2.  
ry;/ghpd; vyf;l;uhd; tbtikg;G 2, 8, 6 mjdhy; mjd; ,izjpwd; 2.  
 
 
INrhNlhg;Gfs;> INrhghh;fs; kw;Wk; INrhNlhd;fs;: 
 
INrhNlhg;Gfs;:  
,aw;ifapy;> rpy jdpkq;fspd; mZf;fs; xNu mZ vz;izAk; ntt;NtW epiw vz;izAk; 
ngw;wpUg;gJ milahsk; fhzg;gl;Ls;sJ. vLj;Jf;fhl;lhf> i`l;u[d; mZtpd; %d;W 
tpjkhd mZf;fs; fPNo fhz;gpf;fg;gl;Ls;sd.  
 
,k; %d;W mZf;fspd; mZ vz; 1> Mdhy; epiw vz; KiwNa 1> 2 kw;Wk; 3 MFk;. ,it 

INrhNlhg;Gfs; vd;W miof;fg;gLfpd;wd. NkYk; rpy vLj;Jf;fhl;Lfs; 1. fhh;gd; 12 13

6 6,C C 2. 

FNshhpd; 33 37

17 17,Cl Cl  

 
,e;j vLj;Jf;fhl;Lfspd; mbg;gilapy; INrhNlhg;G vd;gJ> xj;j mZ vz;izAk;> NtWgl;l 
epiw vz;izAk; nfhz;l xU jdpkj;jpd; ntt;NtW mZf;fs; vdg;gLfpwJ. ,it 
,Utifg;gLk;. epiyg;Gj; jd;ik cilait kw;Wk; epiyg;Gj; jd;ikaw;wit. 
INrhNlhg;Gfspd; epiyaw;w jd;ikf;Ff; fhuzk; mtw;wpd; mZf;fUtpYs;s $Ljy; 
epA+l;uhd;fshFk;. ,t;tif INrhNlhg;Gfs; fjphpaf;fj; jd;ikiag; ngw;wpUg;gjhy;> mit 
fjphpaf;f INrhNlhg;Gfs; vd miof;fg;gLfpd;wd.  
 
vLj;Jf;fhl;lhf> mZf;fU ciyapd; %ykhfpa ANudpak; - 235 kw;Wk; fjph;tPr;R 
rpfpr;irapy; gad;gLj;jg;gLk; Nfhghy;l; - 60 Mfpait fpjphpaf;f INrhNlhg;Gfs; MFk;. 
 
INrhghh;fs;:  
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fhy;rpak; (mZ vz; 20) kw;Wk; Mh;fhd; (mZ vz; 18) Mfpatw;iwf; fUJNthk;.  
 
,tw;wpy; ntt;NtW vz;zpf;ifapy; GNuhl;lhd;fs; kw;Wk; vyf;l;uhd;fs; cs;sd. Mdhy;> 
,t;tpuz;L jdpkq;fspd; epiw vz; 40 MFk;. Mifahy;> ,tw;wpd; epA+f;spahd; vz;Zk; 
xj;j mstpidg; ngw;Ws;sJ. ,it INrhghh;fs; vdg;gLk;. ,t;thwhf xj;j epiw 
vz;fisAk; NtWgl;l mZ vz;fisAk; nfhz;l ntt;NtW jdpkq;fspd; mZf;fs; 
INrhghh;fs; vdg;gLk;. 
 
fl;il tpuy;; tpjpiag; gad;gLj;jp t vd;gJ NkNy vdTk;>b vd;gJ fPNo vdTk; 
nfhs;Nthk;. INrhNlhg;Gfs;: NkNy cs;s epiwvz;; khw;apUj;jy;: INrhghh;fs;: fPNo 
cs;s mZ vz; khwpapUj;jy;.  
 
 NguhdpYs;s epA+l;uhd;fspd; vz;zpf;if 11 – 5 = 6 
 fhh;gdpYs;s epA+l;uhd;fspd; vz;zpf;if = 12 – 6 = 6 
Nkw;fz;l jdpkq;fshd Nghuhd;> fhh;gd; Mfpait xj;j vz;zpf;ifapy; epA+l;uhd;fisg; 
ngw;Ws;sd. Mdhy; GNuhl;lhd; vz;zpf;if NtWgLtjhy; mtw;wpd; mZ vz;fSk; 
NtWgLfpd;wd. ,t;thwhf xj;j epA+l;uhd; vz;zpf;if nfhz;l ntt;NtW jdpkq;fspd; 
mZf;fs; INrhNlhd;fs; vdg;gLk;.  
 
fPo;f;fz;l INrhNlhd; ,izfspd; khjphpia tiuf.  

1. /G@hpd; &epahd;  
2. Nrhbak; &nkf;dPrpak;  
3. mYkpdpak; &rpypfd;  

 
Ntjpr; Nrh;f;if tpjpfs;:  
 
17-Mk; E}w;whz;by; mwptpayhsh;fs; xU nghUis kw;nwhU nghUshf khw;Wk; Kiwfisf; 
fz;lwpa Kw;gl;ldh;. Ntjp khw;wj;ijg; gw;wpa Ma;tpd; nghOJ rpy Kf;fpaf; fUj;Jf;fisg; 
nghJikg;gLj;jpdh;. ,g;nghJikg;gLj;jg;gl; fUj;Jf;fNs Nrh;f;if tpjpfs; MFk;. 
mitfshdit.  
 

1. epiw khwh tpjp  
2. khwh tpfpj tpjp  
3. ngUf;fy; tpfpj tpjp 
4. jiyfPo; tpfpj tpjp  
5. NfY}rhf;fpd; gUkd; ,izg;G tpjp  

,e;j Ie;J tpjpfspy;> ,uz;L tpjpfisg; gw;wp Vw;fdNt ePq;fs; mwpe;jpUg;gPh;fs;. NkYk; 
cs;s %d;W tpjpfisg; gw;wp ,g;ghlg; gFjpapy; tpsf;fkhff; fhz;Nghk;.  
 
ngUf;fy; tpfpj tpjp:  
 
,e;j tpjpahdJ 1804 Mk; Mz;by; [hd; lhy;ld; vd;gtuhy; Kd;nkhopag;gl;lJ.  
 
,t;tpjpapd; $w;Wg;gb>A kw;Wk; B vd;w ,uz;L jdpkq;fs; xd;whfr; Nrh;e;J> xd;Wf;Fk; 
Nkw;gl;l Nrh;kq;fis cUthf;Fk; nghOJ A– d; epiwahdJ B– d; epiwNahL vspa 
tpfpjj;jpy; Nrh;e;jpUf;Fk;.  
,jid tpsf;Ftjw;F fPo;f;fz;l vLj;Jf;fhl;ilf; fhz;Nghk;.  
 
fhh;gd;> Mf;rp[d; cld; ,ize;J fhh;gd; Nkhdhf;irL (CO) kw;Wk; fhh;gd; il Mf;irL 
(CO2) vd;w ,U Mf;irLfisj; jUfpwJ.  
 
xU Fwpg;gpl;l epiwAs;s fhh;gDld;> Mf;rp[d; ,ize;J cUthFk; fhh;gd; Nkhdhf;irL 
(CO) kw;Wk; fhh;gd; il Mf;irL (CO2) Mfpatw;wpy; cs;s Mf;rp[dpd; epiw tpfpjk; 1 : 2. 
 

Nrh;kk;  fhh;gdpd; Mf;rp[dpd; epiw 
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epiw (fp) epiw (fp)  tpfpjq;fs; 
C : O 

CO 12 16 1: 2 

CO2 12 32  
 
 
NkYk; xU vLj;Jf;fhl;il vLj;Jf; nfhs;Nthk;. ry;/gh;> Mf;rp[Dld; tpid Ghpe;J ry;/gh; 
il Mf;irL kw;Wk; ry;/gh; l;iu Mf;iril cUthf;Fk; SO2 kw;Wk; SO3Mfpatw;wpy; 
cs;s Mf;rp[dpd; epiyahd epiw tpfpjk; 2 : 3. 
 
jiyfPo; tpfpj tpjp:  
n[h;kpa]; hpr;rh; (1792) vd;gth; jiyfPo; tpfpj tpjpiag; gw;wpf; $wpdhh;.  
 
,t;tpjpapd; $w;Wg;gb>“,uz;L khWgl;l jdpkq;fs; jdpj;jdpNa xNu epiwAs;s %d;whtJ 
jdpkj;Jld; NrUk;NghJ> mtw;wpd; epiwfspd; tpfpjk; rkkhfNth my;yJ vspa ngUf;fy; 
tpfpjj;jpNyh ,Uf;Fk;”.    
 
fPNo nfhLf;fg;gl;Ls;s %d;W jdpkq;fshd i`l;u[d;> Mf;rp[d; kw;Wk; fhh;gid fUj;jpy; 
nfhs;Nthk;. 
    
,q;F> i`l;u[d; kw;Wk; Mf;rp[d; xj;j epiwAs;s fhh;gDld; tpidGhpe;J kPj;Njd; (CH4) 
kw;Wk; fhh;gd; il Mf;irilj; (CO2) jUfpwJ. 
 
Nrh;kq;fs;  ,izAk; 

jdpkq;fs;  
 ,izAk; epiw  

CH4 C H 12 4 

CO2 C O 12 3 
 
xNu epiwAs;s fhh;gDld; ,izAk; ntt;NtW  
epiw mstpidf; nfhz;l i`l;u[d; (4fp) kw;Wk;   4 : 32 (or) 1 : 8  
Mf;]p[dpd; (32fp) tpfpjk;       
,NjNghy;> i`l;u[d; Mf;]p[Dk; ,ize;J ePhpid (H2O) cUthf;Ffpd;wd.  
 
i`l;u[d; kw;Wk; Mf;]p[d; epiwfspd; tpfpjk; = 2 : 16 (or) 1:8 
(1) kw;Wk; (2) Mfpatw;wpd; tpfpjq;fs; rkkhf cs;sd. vdNt> jiyfPo; tpfpj tpjp 
ep&gpf;fg;gl;Ls;sJ. 
 
NfY}rhf;fpd; gUkd; ,izg;G tpjp:  
 
thAf;fs; tpidGhpAk; NghJ> mtw;wpd; gUkd;fs; mt;tpidapd; tpisnghUs;fspd; 
gUkDf;F vspa KO vz; tpfpjj;jpy; ,Uf;Fk; (thAf;fs; gUkd;fs; xNu ntg;gepiy kw;Wk; 
mOj;jj;jpy; mstplg;gLk; gl;rj;jpy;) 
 
mjhtJ ,uz;L gUkd;fs; nfhz;l i`l;u[d;> xU gUkd; nfhz;l Mf;rp][d; cld; 
tpidGhpe;J ,uz;L gUkd;fs; nfhz;l ePuhtpia cUthf;Ffpd;wJ. mjhtJ> gUkdpy; thA 
2 : 1 : 2 vd;w KO vz; tpfpj;jpy; cs;sJ.  
 
Fthz;lk; vz;fs;:  
 
mZtpy; cs;s xt;nthU vyf;l;uhdpd; jdpj;jd;ik mjd; ehd;F Fthz;lk; vz;fspd; 
mbg;gilapNyNa mikAk;.  
 

Fthz;lk; vz;  FwpaPL mwpe;J nfhs;Sjy;  
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Kjd;ik Fthz;lk; 
vz;  

n Kjd;ik Mw;wy; kl;lk; 

Nfhz ce;jf; 
Fthz;lk; vz;  

l Jizf; $L / 
Mh;gpl;ly; tbtk;  

fhe;j Fthz;lk; vz;  m Mh;gpl;ly; miktplk;  
Row;rp Fthz;lk; vz;  s vyf;l;uhd;fspd; Row;rp  

   
ePq;fs; xU fl;blj;jpd; ,lj;ijf; Fwpf;Fk; NghJ> vg;gb gl;baypLtPh;fs;? mJ ve;j 
ehl;bYs;sJ. ve;j khepyj;jpYs;sJ. ve;j efuj;jpYs;sJ kw;Wk; ve;j ,Ug;gplk; kw;Wk; njU 
,Wjpahf cq;fs; fjT vz;. mijg; NghyNt xU mZtpYs;s vyf;l;uhd;fspd; 
miktplj;ijAk; ehk; Fwpf;fyhk;. 
 
mZtpd; cs;spUf;Fk; mZ Mh;g;gpl;ly; kw;Wk; vyf;luhd;fspd; tbtikg;G kw;Wk; 
NtWghl;ilf; Fwpf;Fk; vz;fs; “Fthz;lk; vz;fs;” vdg;gLk;.  
 
epidtpy; nfhs;f:  
 

• &jh;Nghh;bd; My;gh Jfs;fspd; rpjwy; Nrhjid> mZf;fU fz;Lgpbg;gpw;F tpj;jpl;lJ.  
 

• n[. rhl;tpf; - cl;fUtpy; epA+l;uhd;fs; cs;sijf; fz;Lgpbj;jhh;.  
 

• epiw vz; vd;gJ GNuhl;lhd; kw;Wk; epA+l;uhd;fspd; nkhj;j vz;zpf;ifiaf; 
Fwpg;gjhFk;. 
 

• ntspg;Gw Mw;wy; kl;lj;jpy; cs;s vyf;;l;uhd;fs;> ,izjpwd; vyf;l;uhd;fs; vdg;gLk;.  
 

• mZtpd; ,izAk; jpwdhdJ ,izjpwd; vdg;gLk;.  
 

• xNu mZ vz; kw;Wk; ntt;NtW epiw vz;fisf; nfhz;l xNu jdpkj;jpd; mZf;fs; 
INrhNlhg; vdg;gLk;.  
 

• xNu epiw vz;izAk;> ntt;NtW mZ vz;izAk; nfhz;l ntt;NtW jdpkj;jpd; 
mZf;fs; INrhghh; vdg;gLk;.  
 

• xNu vz;zpf;ifapy; epA+l;uhd;fisAk; Mdhy; ntt;NtW mZ vz; kw;Wk; epiw vz; 
nfhz;l ntt;NtW jdpkj;jpd; mZf;fs; INrhNlhd;fs; vdg;gLfpd;wd.  
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9thmwptpay; 
Ntjpapay; 
myF 12 

 
jdpkq;fspd; tifg;ghl;L ml;ltiz 

 
mwpKfk;:  
 
ehk; ,e;j cyfpy; gy;tifj; jd;ikAila nghUs;fNshL ,Uf;fpNwhk;. ,it midj;Jk;> 
jdpkq;fs; ntt;NtW Kiwapy; ,ize;jikahy; cUthdit. vy;yh jdpkq;fSk; mtw;wpd; 
jd;ik kw;Wk; gz;Gfspy; jdpj; jd;ik cilait. xd;W Nghy; kw;nwhd;W ,Uf;fhJ. 
,j;jdpkq;fisnay;yhk; mtw;wpd; gz;Gfspd; mbg;gilapy; thpirg;gLj;j mwptpay; 
mwpQh;fs; xU topiaj; Njbf; nfhz;bUe;jdh;. 1800 ,y; 31 jdpkq;fs; kl;LNk 
mwpag;gl;bUe;jd. 1865 ,y; mJ 63 jdpkq;fshfpaJ. jw;nghOJ 118 jdpkq;fs; 
mwpag;gl;Ls;sd. GJg;GJ jdpkq;fisf; fz;Lgpbf;Fk; NghJ mwpQh;fs; mtw;wpd; 
gz;Gfisf; Fwpj;J Gjpa Gjpa fz;Lgpbg;Gfis mwpe;J nfhs;s Muk;gpj;jdh;. ,ij 
xOq;FgLj;JtJ mwptpay; mwpQHfSf;F fbdkhfg; fhzg;gl;lJ. vdNt> ,tw;iw 
gz;Gfspd; mbg;gilapy; xOq;FgLj;j ,th;fs; xU jdpj;Jt Kiwiaj; Njbdh;. ,ij 
mbg;gilahff; nfhz;L jdpkq;fis vspjpy; milahsk; fz;L mtw;iw Muha;tJ vspJ 
vdf; fUjpdh;. Muk;g fhyk; Kjy; ,d;Wtiu gy;NtW mwpQh;fs; vLj;Jiuj;j jdpkq;fspd; 
tifg;ghL gw;wpa fUj;Jf;fis ,q;F fhz;Nghk;.  
 
jdpkq;fspd; tifg;ghl;by; Kw;fhyf; fUj;Jf;fs;:  
lhgh;dPhpd; Kk;ik tpjp: 
 
1817 ,y; N[hfd; Ty;/g;fhq; lhg;h;dPh; vDk; n[h;khdpa Ntjpayhsh; jdpkq;fis mtw;wpd; 
mZ epiwapd; mbg;gilapy; tifg;gLj;Jk; xU fUj;ij vLj;Jiuj;jhh;. ,th; jdpkq;fis 
xt;nthU njhFjpf;Fk; %d;W jdpkq;fs; nfhz;l FOf;fshf my;yJ njhFjpfshfg; gphpj;J 
mikj;jhh;. ,th; ,e;jf; FOf;fis "Kk;ik" vd;W Fwpg;gpl;lhh; (Kk;ik - %d;W).  
 
lhgh;dPh;> %d;W jdpkq;fis mtw;wpd; epiwapd; mbg;gilapy; VW thpirapy; mLf;Fk; NghJ 
eLtpy; cs;s jdpkj;jpd; mZ epiw kw;w ,uz;L jdpkq;fspd; mZ epiwapd; ruhrhpf;F 
Vwj;jho rhpahf ,Uf;Fk; vd;W $wpdhh;. ,J lhgh;dPhpd; Kk;ik tpjp vd miof;fg;gLfpwJ. 
lhghPdPuhy; Kd;nkhopag;gl;l Kk;ik tpjpia vLj;Jiuf;fpwJ.  
 
vLj;Jf;fhl;L:Kk;ik njhFjp (1) ,y; xd;whk; kw;Wk; %d;whk; jdpkq;fspd; mZ epiwapd; 
$l;Lr;ruhrhp = 6.9 + 39.1 / 1 = 23. ,q;F eLtpy; cs;s jdpkk; Nrhbaj;jpd; mZ epiwAk; 
mJNt> mjhtJ  
 

 
Fiwfs;: 

• lhgh;dPuhy; mf;fhy fl;lj;jpy; %d;W njhFjpfspy; fz;L gpbf;fg;gl;l jdpkq;fspy; 
kl;LNk Kk;ikj; jdpkq;fisf; fhz Kbe;jJ. NkYk; vy;yh jdpkq;fSk; ,e;j 
Kk;ik tpjpf;F cl;gltpy;iy.  
 

• kpff; Fiwe;j mZ epiw kw;Wk; kpf mjpf mZ epiw nfhz;l jdpkq;fSf;F 
,ijg; gad;gLj;j Kbatpy;iy. 

 



 

90 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

epA+yhe;jpd; vz;k tpjp:  
 
1866 ,y;> [hd; epA+yhe;J 56 mwpag; gl;l jdpkq;fis mtw;wpd; mZ epiwapd; 
mbg;gilapy; VW thpirapy; xOq;fikj;jhh;. mth; xt;nthU vl;lhtJ jdpKk; rq;fPjj;jpy; 
vl;lhtJ RUjpAk; Kjy; RUjpAk; (r> up> f> k> g> j> ep> r) xj;jpUg;gJ Nghy KjyhtJ 
jdpkj;jpd; gz;ig xj;jpUg;gijf; fz;lwpe;jhh;. ,J 'vz;k tpjp" vd;W mwpag;gl;lJ.  
 
fh;ehlf rq;fPjj;jpy; vz;kk; vd;gJ r> up> f> k> g>j>ep>r ,q;F KjypYk; filrpapYk; r 
tUtijf; fhzyhk;. ,ijg; NghyNt epA+yhe;jpd; vl;lhtJ jdpkk; G@hpd; 'F'. ,J Kjy; 
jdpkkhd 'H'-I jd; gz;Gfspy; xj;jpUg;gijf; fhzyhk;.  
 
epA+yhe;jpd; vz;k tpjpiag; gad;gLj;jp jdpk Nrhbfisf; fhz;f.  
(v.fh. Mg & Ca)  
i. F, Mg, C, O, B   ii. Al, Si, S, Cl, Ca  
 
Fiwfs;: 

• ,uz;L NtWg;gl;l jdpkq;fs; xNu ,lj;jpy; itf;fg;gl;l epfo;Tfs; eilngw;wJ. v.fh. 
Nfhghy;l; kw;Wk; epf;fy;.  
 

• Kw;wpYk; khWgl;l gz;Gfis cila rpy jdpkq;fs; mNj njhFjpapy; itf;fg;gl;ld 
(Nfhghy;l;> epf;fy;> gy;ybak;> gpshl;bdk; kw;Wk; ,hpbak; ,it `hNyhn[d; 
njhFjpapy; mikf;fg;gl;ld).  
 

• vz;k tpjpahdJ fhy;rpaj;ijf; fhl;bYk; mjpf mZ epiw nfhz;l jdpkq;fSf;F 
Vw;Gilajhf ,y;iy.  
 

• epA+yhe;J ml;ltizahdJ 56 jdpkq;fSf;fhf kl;LNk Nghlg;gl;lJ. gpw;fhyj;jpy; 
fz;Lgpbf;fg;glf; $ba jdpkq;fSf;F ,lkpy;iy.  
 

• gpw;fhyq;fspy; fz;L gpbf;fg;gl;l mhpa thAf;fs; (ke;j thA.. epahd;> Mh;fhd;...) 
xd;gjhtJ jdpkj;jpw;Fk; Kjyhk; jdpkj;jpw;Fk; xj;j gz;igf; fhz;gpj;jd. v.fh. 
G@hpd; kw;Wk; Nrhbaj;jpw;F ,ilapy; itf;fg;gl;l epahd;.  
 

nkz;nlyPtpd; jdpk thpir ml;ltiz:  
1869 ,y;> ,~pa Ntjpayhsh; bkpl;hp nkz;nlyPt; jdpkq;fspd; gz;Gfs;> mit mZ 
epiwapd; mbg;gilapy; mLf;fg;gLk; NghJ xU Fwpg;gpl;l ,ilntspf;Fg; gpwF kWgbAk; 
tUtijf; fz;lwpe;jhh;. ,jd; mbg;gilapy; ,th; jdpk Mth;j;jd tpjpia cUthf;fpdhh;. 
,e;j tpjp "jdpkq;fspd; ,aw;gpay; kw;Wk; Ntjpapay; gz;Gfshdit mtw;wpd; Mth;j;jd 
nray;ghLfisg; nghWj;jJ" vdf; $WfpwJ. ,th; me;j Neuj;jpy; mwpag;gl;l 56 jdpkq;fis 
,e;j tpjpapd; mbg;gilapy; mikj;jhh;. ,J jdpk ml;ltizapd; RUf;fk; vdg;gLfpwJ.  
 
nkz;nlyPt; jdpk thpir ml;ltizapd; rpwg;Gfs;:  

• ,jpy; vl;L ePz;l nrq;Fj;Jf; epuy;fSk; (njhFjpfs;) VO gLf;if my;yJ fpilkl;l 
epiufSk; (thpir) fhzg;gLfpd;wd.  
 

• xt;nthU njhFjpf;Fk; ,uz;L Jizj; njhFjpfs; A kw;Wk; B cz;L. xU 
njhFjpapy; fhzg;gLk; vy;yh jdpkq;fSk; xj;j gz;gpidg; ngw;wpUf;Fk;.  
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• Kjd; Kiwahf jdpkq;fs; tphpthf rhpahd Kiwapy; tifg;gLj;jg;gl;ld. ,jdhy; 

xj;j gz;Gfis cila jdpkq;fs; xNu njhFjpapy; itf;fg;gl;ld. ,J Ntjpapay; 
Ma;it vspjhf;fpaJ.  
 

• xj;j gz;Gfis cila jdpkq;fs; xNu njhFjpapy; itf;fg;gl;L tifg;gLj;jg;gl;l 
NghJ rpy jdpkq;fs; mtw;wpw;fhd njhFjpapy; itf;fg;gl Kbahky; NghdJ 
fz;lwpag;gl;lJ. Vndd;why; mtw;wpw;nfd;W jPh;khdpf;fg;gl;l mZ epiw jtW MFk;. 
,J fz;lwpag;gl;L gpd; ,e;j jtW rhp nra;ag;gl;lJ. v.fh. Kjypy; nghpypaj;jpd; 
mZ epiw 14 vd mwpag;gl;lJ. ,ij nkz;nlyPt; kWgbAk; Muha;e;J mZ epiw 9 
vdf; fz;lwpe;J rhpahd njhFjpapy; mij itj;jhh;.  

 
• me;j Neuj;jpy; fz;Lg;gpbf;fg;glhj jdpkq;fSf;F vd;W ml;ltizapd; gj;jpapy; ,lk; 

tplg;gl;lJ. mtw;wpd; gz;Gfs; $l Kd;dwpag;gl;ljhf mike;jJ. ,J Ntjpapay; 
Muha;r;rpia ,d;Dk; J}z;Ltjhf mike;jJ. v.fh. nkz;nlyPt;> mYkpdpak; kw;Wk; 
rpypfhDf;Ff; fPNo tuf;$ba jdpkq;fSf;F vfh mYkpdpak; kw;Wk; vfh. rpypfhd; 
vdg; ngahpl;lhh;. NkYk; mtw;wpd; gz;Gfs; ,t;thWjhd; ,Uf;Fk; vd Kd;dwptpj;jhh;. 
mtuJ fhyj;jpNyNa gpd;dh; fz;Lg;gpbf;fg;gl;l n[h;khdpak; mthpd; $w;W rhp vd 
ep&gpj;jJ.  

 
FiwghLfs;: 
 

• gz;Gfspy; mjpf NtWghLs;s jdpkq;fSk; xNu njhFjpapy; itf;fg;gl;ld. v.fh. 
fbd cNyhfq;fshfpa nrk;G kw;Wk; nts;sp> nkd; cNyhfq;fshfpa Nrhbak; kw;Wk; 
nghl;lhrpaj;NjhL xNu njhFjpapy; itf;fg;gl;ld.  

 
 

• i`l;u[Df;F vd;W xU jdp ,lk; nfhLf;fg;gl Kbatpy;iy. mNyhfkhfpa 
i`l;u[d;> ypj;jpak;> Nrhbak; kw;Wk; nghl;lhrpak; Nghd;w nkd; cNyhfq;fNshL xNu 
njhFjpapy; itf;fg;gl;ld.  
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• $bf;nfhz;Nl nry;Yk; mZ epiw vDk; tpjpia rpy Ntisfspy; fil gpbf;f 
Kbatpy;iy. v.fh: Co & Ni, Te & I  
 

• INrhNlhg;GfSf;F jdpahf ,lk; xJf;fg;gltpy;iy.  
 
n[h;khdpaj;jpd; gz;G:  

jdpkq;fs; nkz;nlyPtpd; 
Kd;dwptpg;G 
(1871)  

cz;ik gz;G 
(1886)  

mZ epiw  Vwf;Fiwa 72 72.59 

xg;glh;j;jp  5.5 5.47 
epwk; mlh; rhk;gy;  mlh; rhk;gy;  
Mf;i]bd; FwpaPL Es O2 Ge O2 
FNshiubd; 
jd;ik 

Es Cl4  Ge Cl4 

 
etPd fhy jdpk thpir ml;ltiz:  
 
1913 y;> Mq;fpNya ,aw;gpayhsh; n`d;wp Nkh];;Ny vd;gth; jd;Dila X– fjph; rpijT 
Nrhjid %yk; jdpkq;fspd; gz;Gfs; mtw;wpd; mZ vz;izg; nghWj;J ,Uf;FNk jtpu 
mtw;wpd; epiwiag; nghWj;J ,Uf;fhJ vd;W ep&gpj;jhh;. ,jd; tpisthf etPd fhy jdpk 
thpir ml;ltizahdJ mZ vz;zpd; VW thpirapy; mikf;fg;gl;lJ.  
 
,e;j etPd fhy ml;ltiz nkz;lyP/g; ml;ltizapd; xU tphpT gLj;jNy MFk;. 
nkz;lyP/g; ml;ltiz FWk; ml;ltiz vd;Wk; etPd ml;ltiz ePz;l ml;ltiz vd;Wk; 
mwpag;gLfpwJ.  
 
etPd Mth;j;jd tpjp:  
 
xU jdpkj;jpd; mZ vz;zhdJ (Z) mtw;wpYs;s GNuhl;lhd;fspd; (Neh; kpd; Rik) 
vz;zpf;ifia kl;Lk; Fwpg;gjpy;iy mtw;wpYs;s vyf;l;uhd;fspd; (vjph; kpd; Rik) 
vz;zpf;ifiaAk; Fwpf;fpwJ. jdpkq;fspd; ,aw;gpay; kw;Wk; Ntjpapay; gz;Gfs; mtw;wpd; 
GNuhl;lhd;fspd; vz;zpf;ifiar; rhh;e;jit my;y; khwhf vyf;l;uhd;fspd; vz;zpf;ifiaAk; 
rhh;e;jjhFk;. vdNt etPd Mth;j;jd tpjpia ,t;thW $wyhk;. 'jdpkq;fspd; ,aw;gpay; 
kw;Wk; Ntjpapay; gz;Gfs; mtw;wpd; mZ vz;fspd; jdpk thpir nray;ghLfshFk;". ,e;j 
etPd tpjpia itj;J etPd jdpk thpir ml;liz cUthf;fg;gl;lJ.  
 
ePs thpir jdpk ml;ltiz mikg;gpd; rpwg;Gfs;:  

• midj;Jj; jdpkq;fSk; mtw;wpd; mjpfhpf;Fk; mZ vz;zpw;F Vw;whw;Nghy; 
mikf;fg;gl;Ls;sd.  

• jdpk ml;ltizapy; jdpkq;fs; fpilkl;lkhf thpirg;gLj;jg;gl;l mikg;G 'thpirfs;' 
vd miof;fg;gLfpwJ. nkhj;jk; VO thpirfs; cs;sd.  
 

• jdpkq;fs; mtw;wpd; mZf;fspy; cs;s $Lfspd; vz;zpf;iffSf;F Vw;g 
thpirfspy; mikf;fg;gLk;.  
 

• jdpk thpir ml;ltizapy; NkypUe;J fPohf nrq;Fj;jhf cs;s gj;jp njhFjpfs;' 
vdg;gLk;. jdpk ml;ltizapy; 18 njhFjpfs; cs;sd.  
 

• xt;nthU njhFjpapYk; cs;s jdpkq;fspd; gz;gpw;F Vw;g ,it gy FLk;gq;fshfg; 
gphpf;fg;gl;Ls;sd.  
 

etPd jdpk thpir njhFjpfs;:  
 



 

93 | P a g e APPOLO STUDY CENTRE PH: 044-24339436, 42867555, 9840226187 
 

 
 

 
jdpkq;fis njhFjpfshf thpirg; gLj;Jjy;:  
 
xU jdpkj;jpy; mtw;wpd; vyf;l;uhd;fs; cl;fUitr; Rw;wp $Lfspy; itf;fg;gl;Ls;sd 
vd;gij ehk; mwpNthk;. xt;nthU $Lk; xd;W my;yJ mjw;F Nkw;gl;l Jizf; $Lfisf; 
nfhz;Ls;sJ. ,tw;wpy; vyf;l;uhd;fs; xU Fwpg;gpl;l tifapy; epug;gg;gLfpd;wd.  
 
,e;j Jizf; $Lfs; s, p, d kw;Wk; f MFk;. Jizf;$Lfspy; vyf;l;uhd;fs; itf;fg;gl;Ls;s 
mikg;gpd; mbg;gilapy; jdpkq;fs; s, p, d kw;Wk; f vd ehd;F Jizj; njhFjpfshfg; 
gphpf;fg;gl;Ls;sd.  
 

1. s– njhFjp jdpkq;fs;: njhFjp 1 kw;Wk; 2-,y; cs;s jdpkq;fis rPuikf;Fk; NghJ 
filrp vyf;l;uhdhdJ s Jizf; $l;by; itf;fg;gLfpwJ. vdNt ,e;j jdpkq;fs; s– 
njhFjp jdpkq;fs; vd;W miof;fg;gLfpd;wd. i`l;u[d; jtpu njhFjp xd;wpd; 
jdpkq;fs; cNyhfq;fshFk;. ,it ePUld; tpidGHpe;J cUthf;Fk; fiuryhdJ 
fha;fwpfspypUe;J fpilf;Fk;. rptg;G rhaj;ij Cjh epwj;Jf;F khw;Wk;. ,e;jf; 
fiury;fs; mjpf fhuj;jd;ik nfhz;ljhff; fhzg;gLfpd;wd vdNt> ,it fhu 
cNyhfq;fs; vd;W miof;fg;gLfpd;wd. njhFjp 2 ,d; jdpkq;fSk; cNyhfq;fNs. 
,it Mf;]p[NdhL ,ize;J Mf;i]Lfis cUthf;Ffpd;wd. Kd;G ,it 'Gtp' 
vd;W miof;fg;gl;ld. ,e;j Mf;i]Lfs; ePhpy; fiuAk; NghJ fhu fiury;fis 
cUthf;Ffpd;wd. vdNt> ,it fhu kz; cNyhfq;fs; vd miof;fg;gLfpd;wd.  

 
2. p - njhFjp jdpkq;fs;: ,it ml;ltizapy; 13 Kjy; 18 njhFjpfs; tiu cs;sd. 

,tw;wpy; Nghuhd;> fhh;gd;> iel;u[d;> Mf;]p[d;> GShpd; FLk;gk; kw;Wk; ke;j 
thAf;fs; (`Pypak; jtpu) mlq;Fk;. ,it gpujpepjpj;Jt jdpkq;fs; vd;W 
miof;fg;gLfpd;wd. p njhFjp nghpa mstpy; NtWgl;l jdpkq;fspd; rq;fkkhFk;. 
,e;j xU njhFjpapy; kl;LNk cNyhfq;fs;> mNyhfq;fs; kw;Wk; cNyhfg; Nghypfs; 
vd;w %d;W tifg;ghLk; fhzg;gLfpd;wd.  

 
3. d - njhFjp jdpkq;fs;: ,it 3 Kjy; 12 njhFjp tiu cs;s jdpkq;fis 

cs;slf;fpaJ. ,it jdpk ml;ltizapd; ikaj;jpy; fhzg;gLfpd;wd. ,tw;wpd; 
gz;Gfs; s njhFjp kw;Wk; p njhFjp jdpkq;fSf;F ,ilapy; fhzg;gLk;. vdNt> 
,it ,ilepiyj; jdpkq;fs; vd miof;fg;gLfpd;wd.  

 
4. f– njhFjp jdpkq;fs;: ,it yhe;jdj;ij mLj;Js;s yhe;jidLfs; vdg;gLk; 14 

jdpkq;fisAk; Mf;bdj;ij mLj;Js;s Mf;bidLfs; vdg;gLk; 14 jdpkq;fisAk; 
cs;slf;fpajhFk;. ,it jdpk thpir ml;ltizapy; mbg;ghfj;jpy; 
itf;fg;gl;Ls;sd. ,it cs; ,ilepiyj; jdpkq;fs; vd;Wk; miof;fg;gLfpd;wd.  

 
etPd jdpk thpir ml;ltizapd; rpwg;Gfs;:  

• ,e;j ml;ltiz mZtpd; kpFe;j mbg;gilj; jd;ikahd mZ vz;iz 
mbg;gilahff; nfhz;lJ.  
 

FO njhFjpfs; 
1 fhu cNyhfq;fs;  

2 fhu kz; cNyhfq;fs;  

3 to 12  ,ilepiy cNyhfq;fs;  

13 Nghuhd; FLk;gk;  

14 fhh;gd; FLk;gk;  

15 iel;u[d; FLk;gk;  

16 Mf;]p[d; (m) rhy;Nfhd; FLk;gk;  

17 `hy[d;fs; / cg;gPdpfs;  

18 mhpa thA / ke;j thA  
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• ,J jdpkj;jpd; miktplj;ijAk; mZ mikg;igAk; njspthf xUq;fpizf;fpwJ.  
 

• xt;nthU thpir KbtJk; thjg; nghUj;jkhdJ. xU thpirapy; mZ vz; mjpfhpf;f 
mjpfhpf;f Mw;wy; $Lfs; ke;j thA tUk; tiu nkJthf epuk;Gfpd;wd.  
 

• ,J epidtpy; itj;Jf; nfhs;tjw;Fk; kWgb cUthf;Ftjw;Fk; vspaJ. 
 

• xt;nthU njhFjpAk; jw;rhh;G cilaJ. ,jdhy; Jizj; njhFjpfs; Ntz;lhk; vd 
KbT nra;ag;gl;lJ.  
 

• xU jdpkj;jpd; INrhNlhg;Gfs; xNu mZ vz;izf; nfhz;Ls;sjhy; mtw;wpw;F xNu 
miktplk; NghJk; vd vLj;Jf; nfhs;sg;gl;lJ.  
 

• vl;lhk; njhFjpapd; (nkz;nlyPt; ml;ltiz) miktplKk; rhp vd ep&gpf;fg;gl;lJ. 
,ilepiyj; jdpkq;fspd; gz;Gfs; mtw;wpd; tyJ kw;Wk; ,lJGwk; cs;s 
jdpkq;fspd; gz;GfSf;F ,ilg;gl;ljhf cs;sjhy; mit eLtpy; nfhz;L 
tug;gl;ld.  
 

• ,e;j ml;ltiz cNyhfq;fisAk; mNyhfq;fisAk; jdpj; jdpahf gphpf;fpwJ. 
mNyhfq;fs; ml;ltizapd; Nky; tyJ %iyapy; mike;Js;sd.  
 

• nkz;l;yPt; ml;ltizapy; ,lk; khwp itf;fg;gl;bUe;j jdpkq;fs; midj;Jk; rhp 
nra;ag;gl;L jw;NghJ rhpahd ,lj;jpy; itf;fg;gl;Ls;sd. Vndd;why; ,it mZ 
vz;iz mbg;gilahff; nfhz;lit.  
 

• yhe;jidLfSk; Mf;bidLfSk; ml;ltizapd; mbapy; itf;fg;gl;ljw;F rhpahd 
fhuzk; nfhLf;fg;gl;lJ.  
 

jdpk thpir ml;ltizapy; i`l;u[dpd; epiyg;ghL:  
 
i`l;u[d; kpfTk; Nyrhd> rpwpa kw;Wk; jdpk thpir ml;ltizapy; Kjy; jdpkkhFk;. 
,jDila mZ mikg;G (IS') kpfTk; vspaJ. ,J ml;ltizapy; xU jdp  
 
Jizf; $Lfspd; vyf;l;uhdpd; vz;zpf;if  
 
$Lfspd; vz; 1(K) 2 (L)  3 (M) 4(N)  
Jizf; $L 1s 2s 2p 3s 3p 3d 4s 4p 4d 4f 
mjpfgl;r vyf;l;uhd;fs; 2 2 6 2 6 10 2 6 10 14 
mjpfgl;r vyf;l;uhd;fs; 2 8 18 32 
 
,lj;jpy; cs;sJ. ,it fhu cNyhfk; kw;Wk; `hy[dpd; gz;ig jd;Ds; nfhz;Ls;sd.  

1. i`l;u[d; jdJ xNu vyf;l;uhid ,oe;J fhu cNyhfq;fisg; Nghy Neh; kpd; 
madpahf (H+) khWk; jd;ik cilaJ.  
 

2. ,J N`y[d;fs; (cg;gPdpfs;) Nghy xU vyf;uhidg; ngw;W i`l;iuLfshf (H-) 
khWk; jd;ik nfhz;Ls;sJ. 
 

3. fhu cNyhfq;fs; jpz;kq;fs;: mNj Ntisapy; i`l;u[d; xU thA.  
 

vdNt jdpk thpir ml;ltizapy; i`l;u[dpd; epiyg;ghL ,d;Dk; rh;r;irf;FhpaNj. 
Vndd;why; i`l;u[dpd; gz;Gfs; jdpj;jd;ik nfhz;litahFk;.  
 
ke;j thAf;fspd; epiyg;ghL:  
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`Pypak;> epahd;> Mh;fhd;> fphpg;lhd;> nrdhd; kw;Wk; 18 Mk; njhFjpapy; cs;s Nulhd; 
Nghd;w jdpkq;fs; mhpa thAf;fs; my;yJ ke;j thAf;fs; vd miof;fg; gLfpd;wd. ,it 
XuZj; jdpkq;fs;. kw;w nghUl;fSld; mt;tsT vspjpy; tpid GHptjpy;iy. vdNt> ,it 
ke;j thAf;fs; vd;W miof;fg;gLfpd;wd. NkYk;> ,it kpfr; rpwpa mstpNyNa 
fhzg;gLfpd;wd. vdNt> ,it mhpa thAf;fs; vd;Wk; miof;fg;gLfpd;wd.  
 
cNyhfq;fs;> mNyhfq;fs; kw;Wk; cNyhfg; Nghypfs;: 
cNyhfq;fs;:  
 
cNyhfq;fs; nghJthf fbdkhd> gpufhrkhd> fk;gpahf ePl;lf;$ba> jflhf mbf;ff;$ba. 
cUff;$ba kw;Wk; ntg;gj;ijAk; kpd;rhuj;ijAk; flj;jf; $ba jd;ikAilait. 
ghjurj;ijj; jtpu vy;yh cNyhfq;fSk; miw ntg;g epiyapy; jpz;kkhfNt ,Uf;Fk;. 
,it jdpk thpir ml;ltizapy; nghpa ,lj;ijf; nfhz;Ls;sd. ,it fPo;f;fz;lthW 
tifg;gLj;jg;gl;Ls;sd.  
 

1. fhu cNyhfq;fs;. v.fh: ypj;jpak; Kjy; g;uhd;rpak; tiu.  

2. fhu kz; cNyhfq;fs;: v.fh: nguypak; Kjy; Nubak; tiu.  

3. ,ilepiy cNyhfq;fs;: v.fh: njhFjp III B Kjy; II A tiu  

4. P njhFjp jdpkq;fs; v.fh: Al, Ga, In, Tl, Sn, Pb kw;Wk; Bi.  
 
mNyhfq;fs;:  
 
mNyhfkhdJ gsgsg;gw;w> nkd;ikahd> fk;gpahf ePl;l Kbahj> jflhf mbf;f Kbahj> 
kpd;rhuj;ijf; flj;jhj jd;ikAilaJ. NtWtpjkhff; $wpdhy;> cNyhfg; gz;G ,y;yhj 
jdpkq;fs; ahTNk mNyhfq;fshFk; v.fh: mNyhfq;fs; p njhFjpapy; kl;LNk 
mikf;fg;gl;Ls;sd. p njhFjp mNyhfq;fs; : C, N, O, P, S, Se, N`y[d;fs; (F, Cl, Br kw;Wk; 
I ) kw;Wk; ke;j thAf;fs; (He – Rn).  
 
cNyhfg; Nghypfs;:  
 
cNyhfk; kw;Wk; mNyhfk; Mfpatw;wpd; gz;Gfisf; nfhz;lit cNyhfg; NghypfshFk;. 
v.fh. Nghuhd;> Mh;nrdpf;.  
 
cNyhff; fyit:  
 
fp.K. 3500 y; kf;fs; ntz;fyk; vd;w xU cNyhff; fyitia cgNahfpj;jdh;. vdNt> 
cNyhff; fyitia cUthf;FtJ kw;Wk; cgNahfg;gLj;JtJ Vw;fdNt tof;fj;jpy; 
,Ue;jJjhd;. ,d;W ehk; gad;gLj;Jk; mNef cNyhfg; nghUs;fs; cNyhff; fyitfshFk;. 
cNyhff; fyit vd;gJ xd;wpw;F Nkw;gl;l cNyhfq;fspd; fyitahFk;. cNyhfq;fs; 
cUf;fg;gl;L> ed;F fyf;fg;gl;L cNyhff; fyitfs; cUthf;fg;gLfpd;wd. kpf mhpjhfNt 
mNyhfq;fs; cNyhfq;fSld; fyf;fg;gl;L cNyhff;fyitfs; cUthf;fg;gLfpd;wd.  
 
nghJthf cNyhff; fyitfs; mit cUthf;fg;gl;l cNyhfq;fis tl mjpf 
gaDs;sjhf ,Uf;fpd;wd. gpj;jisahdJ nrk;G kw;Wk; Jj;jehff; fyit MFk;.  
 
ed;ikfs;:  

• ,it tpiutpy; JUg;gpbg;gJk;. mhpj;Jg; NghtJk; ,y;iy. mg;gbNa mhpj;jhYk; 
rpwpjsNt NrjkilAk;.  
 

• ,it J}a cNyhfj;ij tpl fbdkhfTk; typikahdjhfTk; ,Uf;Fk;. v.fh: jq;fk; 
nrk;NghL fyf;fg;gLk; NghJ J}a jq;fj;ij tpl typikahdjhf ,Uf;Fk;.  
 

• ,it J}a cNyhfj;ij tpl flj;Jk; jd;ik Fiwe;jit. v.fh: nrk;G mjd; 
cNyhff; fyitfshfpa gpj;jis kw;Wk; ntz;fyj;ij tpl ed;F ntg;gk; kw;Wk; 
kpd;rhuj;ijf; flj;Jk;.  
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• rpytw;wpd; cUF epiy J}a cNyhfj;jpd; cUF epiyia tpl FiwT. v.fh: gw;whR 

vd;gJ <ak; kw;Wk; nts;sPaj;jpd; fyit. ,jd; cUF epiy FiwT.  
 

epidtpy; nfhs;f: 
• lhghPdPh; jdpkq;fis mtw;wpd; rhh;G mZ epiwapd; mbg;gilapy; %d;W jdpkq;fs; 

nfhz;l FOf;fshfg; gphpj;jhh;. (Kk;ik)  
 

• [hd; epA+yhe;J 56 njhpe;j jdpkq;fis mtw;wpd; mjpfhpf;Fk; mZ epiwapd; 
mbg;gilapy; ml;ltizg; gLj;jpdhh;.  
 

• bkpl;hp nkz;l;yPt; Mth;j;jd ml;ltizia Kd;nkhope;jhh;.  
 

• jdpk Mth;j;jd ml;ltizapy; 'njhFjp' vdg;gLk; vl;L nrq;Fj;j gj;jpfSk; 
'thpir' vdg;gLk; VO fpilkl;l thpirfSk; cz;L.  
 

• etPd jdpk thpir ml;ltizapy; vy;yh jdpkq;fSk; mtw;wpd; mjpfhpf;Fk; mZ 
vz;zpd; mbg;gilapy; mikf;fg;gl;Ls;sd.  
 

• jdpkq;fs; jdpk thpir ml;ltizapy; 7 thpirfshfTk; 18 njhFjpfshfTk; gphpj;J 
mikf;fg;gl;Ls;sd.  
 

• jdpkq;fs; mtw;wpd; Jizf; $Lfspd; mbg;gilapy; njhFjpfspy; 
mikf;fg;gl;Ls;sd.  
 

• njhFjpapYs;s jdpkq;fspd; xUkpj;j gz;gpw;F Vw;g mit xNu FLk;gkhf 
njhFf;fg;gl;Ls;sd.  
 

• mjpf gl;rkhf s, p, d kw;Wk; f njhFjpfspy; KiwNa 2> 6> 10 kw;Wk; 14 vyf;l;uhd;fs; 
itf;fg;gLfpd;wd.  
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9thmwptpay; 
myF– 13- Ntjpg;gpizg;G 

mwpKfk;:  
 
gUg;nghUspd; fl;likg;Gf; $Wfs; mZf;fs; vd;gij ehk; Vw;fdNt mwpNthk;. ke;jthA 
mZf;fisj; jtpu>kw;w mZf;fs; rhjhuz epiyapy; ,aw;ifapy; jdpj;Jf; 
fhzg;gLtjpy;iy. vdpDk;> xU FOthf mZf;fs; ,ize;J xNu nghUshff; 
fhzg;gLfpd;wd. ,t;thWmZf;fshy; ,izf;fg;gl;lnjhFjpNa %yf;$W vdg;gLfpwJ. 
xUG+khiyapy; cs;s G+f;fs; E}ypdhy; gpizf;fg;gl;bUg;gijg Nghy> %yf;$wpy; cs;s 
mZf;fSk; Fwpg;gpl;l fth;r;rp tpirapdhy; ,izf;fg;gl;bUf;f Ntz;Lk; vd;gJ 
njspthfpwJ. mZf;fis ,izf;Fk; ,f;fth;r;rp tpirNa Ntjpg;gpizg;G vdg;gLfpwJ.  
 
Ntjpg;gpizg;G vd;gij xU %yf;$wpy; cs;smZf;fis xd;whf Nrh;j;J> gpizj;J 
itf;Fk; fth;r;rp tpirvd tiuaWf;fyhk;. ,g;ghlj;jpy; Ntjpg;gpizg;G gw;wpaNfhry; - 
Y}ap]; nfhs;if> Y}ap]; Gs;sp mikg;G kw;Wk; Ntjptpidfspd; tiffisg; 
gw;wpfhz;Nghk;.  
 
Ntjpg;gpizg;G gw;wpa Nfhry; - Y}ap]; nfhs;if:  
 
vl;Lvyf;l;uhd; tpjp:  
 
gy jug;gl;l jdpkq;fspd; mZf;fs; gy;NtW tifapy; ,ize;J Ntjpr ;Nrh;kq;fis 
cUthf;Ffpd;wd. ,e;epfo;T gytpdhf;fis vOg;gpaJ.  
 

• Vd; mZf;fs; ,izfpd;wd?  
• mZf;fs; vt;thW ,izfpd;wd?  
• Vd; xUrpymZf;fs; ,izfpd;wdkw;wit ,iztjpy;iy?  

 
,J Nghd;w tpdhf;fSf;F tpilaspf;Fk; tifapy; gy;NtW nfhs;iffs; Kd; 
nkhopag;gl;ld. mtw;Ws; Kf;fpakhd xd;W %yf;$Wfs; vt;thW cUthfpd;wd vd;gij 
tpsf;Fk; Nfhry; - Y}ap]; nfhs;ifMFk;. 
 
ke;jthA vyf;l;uhd; mikg;G vd;w fUj;ij mbg;gilahff; nfhz;LVd; mZf;fs; ,ize;J 
%yf;$Wfis cUthf;Ffpd;wd vd;gjid Nfhry; kw;Wk; Y}ap]; tpsf;fpdh;. ke;jthA 
mZf;fs; jq;fSf;fpilapNyh my;yJkw;w mZf;fSlNdh vspjpy; ,iztjpy;iy my;yJ 
mhpjhf ,izfpd;wd. mit xUepiyahd vyf;l;uhd; mikg;igg; ngw;wpUg;gijNa ,J 
fhl;LfpwJ. ke;jthAf;fspd; vyf;l;uhd; mikg;Gfs; nfhLf;fg;gl;Ls;sd.  
 
ke;j thAf;fspd; vyf;l;uhd; mikg;G:  

jdpkj;jpd; ngah; mZvz; $L vyf;l;uhd; 
mikg;G 

`Pypak; (He) 2 2 

epahd; (Ne) 10 2, 8 

Mh;fhd; (Ar) 18 2, 8, 8 

fphpg;lhd; (Kr) 36 2, 8, 18, 8  

nrdhd; (Xe) 54 2, 8, 18, 18, 8  

Nulhd; (Rn) 86 2, 8, 18, 32, 18, 8 

 

`Pypaj;ijj; jtpu>kw;w ke;jthAf;fs; midj;Jk; mtw;wpd; ,izjpwd; $l;by; vl;L 
vyf;l;uhd;fisg; ngw;wpUf;fpd;wd. `Pypak; mZTk; KOtJk; epuk;gpa ,izjpwd; $l;ilg; 
ngw;wpUg;gjhy;>mjpy; NkYk; vyf;l;uhd;fisr; Nrh;f;f ,ayhJ. ,t;thwhf>ke;jthA mZf;fs; 
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,izjpwd; $l;by; epiyahd vyf;l;uhd; mikg;igg; ngw;wpUg;gjhy; mitvyf;l;uhd;fis 
,of;Fk; my;yJ Vw;Fk; jd;ikiag; ngw;wpUg;gjpy;iy. vdNt> mtw;wpd; ,izjpwd; 
G+r;rpakhFk;. kpfTk; ke;jj; jd;ikiaf; nfhz;bUg;gjhy;> mit <uZ %yf;$Wfisf; $l 
cUthf;Ftjpy;iy. MfNt mit XuZ thAf;fshfNt fhzg;gLfpd;wd.  
 
ke;jthA vyf;l;uhd; mikg;ig mbg;gilahff; nfhz;L> 1916 Mk; Mz;by; Nfhry; kw;Wk; 
Y}ap]; vd;ghh; mZf;fspd; Ntjpr; Nrh;f;iffSf;fhd nfhs;ifia Kd; nkhope;jdh;. ,JNt 
,izjpwd; vyf;l;uhd; nfhs;if my;yJ vl;L vyf;l;uhd; tpjpvdg;gLfpwJ. ,f;nfhs;ifg;gb> 
ke;jthAf;fs; jtpu> kw;w jdpkq;fspd; mZf;fs; KOtJk; epug;gg;glhj ,izjpwd; $l;ilg; 
ngw;wpUf;fpd;wd. vdNt> ke;jthAf;fs; Nghd;W epiyahd vyf;l;uhd; mikg;igg; 
ngWtjw;fhf mit kw;w mZf;fSld; ,ize;J %yf;$Wfis cUthf;Ffpd;wd. xU 
mZ mjd; ,izjpwd; $l;by; cs;s vyf;l;uhd;fis kw;nwhU mZtplk; ,oe;Njh my;yJ 
gq;fPL nra;Njh ,iztjd; %yk; epiyahd ke;jthA vyf;l;uhd; mikg;igg; ngWfpwJ.  
 
xU mZthdJ kw;nwhU mZtplk; mjd; ,izjpwd; $L vyf;l;uhd;fis ,oe;Njh my;yJ 
gq;fPL nra;Njh ,izjpwd; $l;by; vl;L vyf;l;uhd;fisg; ngw;wpUf;Fk; tpisT‘vl;L 
vyf;l;uhd; tpjp”my;yJ‘vz;ktpjp”vdg;gLfpwJ.  
 
cjhuzkhf> Nrhbaj;jpd; mZvz; 11. Nrhbak; mjd; ,izjpwd; $l;bypUe;J xU 
vyf;l;uhid vspjpy; ,oe;J epahd; mZtpd; vyf;l;uhd; mikg;igg; ngWfpwJ. mijg; 
NghyNt> FNshhpd; mZtpd; vyf;l;uhd; mikg;G 2>8> 7. ,jw;F neUf;fkhd ke;j thAthd 
Mh;fhdpd; vyf;l;uhd; mikg;igg; ngw FNshhpDf;F NkYk; Xh; vyf;l;uhd; Njitg;gLfpwJ. 
vdNt> FNshhpd; mZ kw;nwhU mZtplkpUe;J Xh; vyf;l;uhid vspjpy; ngw;Wepiyahd 
Mh;fhd; vyf;l;uhd; mikg;igg; ngWfpwJ. ,t;thwhf> 
 

jdpkq;fs; vyf;l;uhd;fis ,oe;Njhmy;yJVw;Nwhepiyahd ,izjpwd; $l;bidg; 
(vl;Lvyf;l;uhd;fs;) ngWfpd;wd.  
 

vt;tifmZf;fs; vyf;l;uhd;fis ,of;fty;yit? vt;tifmZf;fs; 
vyf;l;uhd;fisVw;fty;yit? ,izjpwd; $l;by; jyh 1> 2> 3 vyf;l;uhd;fisg; ngw;wpUf;Fk; 
mZf;fs; vyf;l;uhd;fis ,of;fty;yit. khwhf> ,izjpwd; $l;by; jyh 5> 6> 7 
vyf;l;uhd;fisf; nfhz;lmZf;fs; vyf;l;uhd;fisVw;Fk; jd;ikAilait.  
 

epiyaw;w kpd;dZ fl;likg;G 
 

jdpkk; mZvz; vyf;l;uhd; mikg;G ,izjpwd; 
vyf;l;uhd;fs; 

Nghuhd; 5 2, 3 3 
iel;u[d; 7 2, 5 5 
Mf;rp[d; 8 2, 6 6 
Nrhbak; 11 2, 8, 1 1 
 
Y}ap]; Gs;spmikg;G:  
 
mZf;fs; ,ize;JNrh;kq;fs; cUthFk;NghJmZf;fspd; ,izjpwd; vyf;l;uhd;fs; 
gpizg;gpy; <LgLfpd;wd. MfNt> ,izjpwd; vyf;l;uhd; mikg;gpw;fhdFwpapLk; Kiwxd;iwg; 
ngWtJcjtpfukhf ,Uf;Fk;. ,jid Y}ap]; Gs;spmikg;igf; nfhz;Lnra;a ,aYk;. 
xUmZtpd; FwpaPl;ilr; Rw;wpmt;tZtpd; ,izjpwd; $L vyf;l;uhd;fisGs;spfshff; 
Fwpf;Fk; mikg;Ng Y}ap]; Gs;spmikg;Gmy;yJvyf;l;uhd; Gs;spmikg;Gvdg;gLk;. ,izjpwd; 
$l;by; cs;s ,izahfhjvyf;l;uhd; xw;iwg; Gs;spahfTk;> N[hbahdvyf;l;uhd;fs; 
N[hbg;Gs;spfshfTk; Fwpf;fg;gLfpd;wd.  
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%yf;$wpy; cs;sntt;NtWjdpkq;fspd; vyf;l;uhd;fisf; Fwpg;gjw;FGs;spfisj; 
jtputl;lmy;yjFWf;Ff; FwpaPLgazg;gLj;jg;gLfpd;wd.  
 
Y}ap]; Gs;spmikg;G 
 

jdpkk; mZvz; vyf;l;uhd; 
mikg;G 

,izjpwd; 
vyf;l;uhd;fs; 

Y}ap]; 
Gs;spmikg;G 

i`l;u[d; 1 1 1  
`Pypak; 2 2 2 

 
nghpypak; 4 2, 2 2  
fhh;gd; 6 2, 4 4 

 
iel;u[d; 7 2, 5  5 

 
Mf;]p[d; 8 2, 6 6 

 
 
Ntjpg;gpizg;gpd; tiffs;:  
midj;Jj; jdpkq;fSk; mtw;wpd; ,izjpwd; vyf;l;uhd; mikg;igg; nghWj;JNtWgLfpd;wd. 
vdNtmitxd;Wld; xd;W ,ize;JNrh;kq;fiscUthf;Fk; tpjKk; NtWgLfpd;wJ. 
,t;thwhf>mZf;fs; ,ize;J 
%yf;$whfkhWk;NghJmtw;wpw;fpilNagy;NtWtifahdNtjpg;gpizg;Gfs; 
cUthftha;g;Gcs;sJ. xU %yf;$wpy; cs;smt;tifahdgpizg;Gfs; 
fPo;f;fz;lthWtifg;gLj;jg;gLfpd;wd. 
Nkw;fz;ltw;wpy;>madpg;gpizg;G>rfg;gpizg;Gkw;Wk; <jy; rfg;gpizg;Gkw;wgpizg;Gfs; 
gw;wpcah; tFg;gpy; fhzyhk;.  
 
madpg;gpizg;G:  
 
madpg;gpizg;Gvd;gJxUNeh;kpd; madpf;Fk;>vjph;kpd; madpf;Fk; ,ilNaepiykpd; 
<h;g;Gtpirahy; Vw;gLk; gpizg;GMFk;. xUmZtpd; ,izjpwd; 
$l;bypUe;Jxd;Nwhmy;yJmjw;FNkw;gl;lvyf;l;uhd;fNshkw;nwhUmZtpd; ,izjpwd; 
$l;bw;Fkhw;wg;gLk; NghJ ,g;gpizg;ghdJcUthfpwJ. ,jpy; vyf;l;uhid ,of;Fk; 
mZNeh;kpd; madpiaAk;. vyf;l;uhidVw;Fk; mZvjph;kpd; madpiaAk; cUthf;Ffpd;wd.  
 
vjpnujph; kpd;RikAs;s ,e;j ,uz;LmadpfSk; xd;iwnahd;WneUq;Fk; NghJepiykpd; 
fth;r;rptpirf;Fl;gl;Lmadpg; gpizg;igcUthf;Ffpd;wd. ,g;gpizg;G ,U 
madpfSf;fpilNacUthtjhy; madpg; gpizg;GvdTk;. madpfs; epiykpd; <h;g;Gtpirahy; 
,izf;fg;gLtjhy; epiykpd; gpizg;GvdTk; miof;fg;gLfpwJ. NkYk;> ,izjpwd; 
nfhs;ifvyf;l;uhd;fismbg;gilahff; nfhz;Ltpsf;fg;gLtjhy; ,J vyf;l;uhd; ,izjpwd; 
gpizg;GvdTk; miof;fg;gLfpwJ.  
 
madpg;gpizg;GcUthjy;:  
 
Akw;Wk; Bvd;w ,U mZf;fisf; fUJNthk;. epiyahdvl;Lvyf;l;uhd; 
mikg;igtplAmZtpy; xUvyf;l;uhd; $LjyhfTk;>B mZtpy; xUvyf;l;uhd; FiwthfTk; 
,Ug;gjhff; nfhs;Nthk;. 
 

mZAxUvyf;l;uhidmZBf;FghpkhWk; NghJ ,U mZf;fSk; 
epiyahd‘vl;Lvyf;l;uhd;”mikg;igg; ngWfpd;wd. ,e;jvyf;l;uhd; ghpkhw;wj;jhy;>mZANeh;kpd; 
madpahfTk;>mZ B vjph;kpd; madpahfTk; khWfpd;wd. vjpnujph; kpd;Rikcs;s 
,t;tpUmadpfSf;fpilNacUthFk; epiykpd; fth;r;rptpirahdJmadpfisg; gpizf;fpwJ. 
,JNtmadpg;gpizg;Gvdg;gLfpwJ.  
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nghJthf>mazpg;gpizg;GxUcNyhfj;jpw;Fk;>mNyhfj;jpw;Fk; ,ilNacUthfpwJ. 
,t;thWmadpg;gpizg;igf; nfhz;lNrh;kq;fs; madpr;Nrh;kq;fs; vdg;gLfpd;wd. 
jdpkml;ltizapy; Kjy; njhFjpjdpkq;fs;>mjhtJ>fhucNyhfq;fs; mNyhfq;fSld; 
tpidGhpe;Jmadpr; Nrh;kq;fiscUthf;Ffpd;wd.  
 
Nrhbak; FNshiuL(NaCl) cUthjy;  
 
Nrhbaj;jpd; mZvz 11 kw;Wk; mjd; vyf;l;uhd; mikg;G 2> 8> 1 MFk;. Nrhbak; 
mjw;FneUf;fkhdke;jthAthdepahidtplxUvyf;l;uhd; $Ljyhfg; ngw;wpUf;fpwJ. 
vdNt>Nrhbak; xUvyf;l;uhid ,oe;Jepiyahdvyf;l;uhd; mikg;igf; nfhz;lNrhbak; 
madpahf(Na+)khwty;yJ. 
 
FNshhpdpd; mZvz; 17 kw;Wk; mjd; vyf;l;uhd; mikg;G 2> 8> 7 MFk;. FNshhpd; 
mjw;FmUNfcs;s (jdpkml;ltizapy;) ke;jthAthhdMh;fhidtplxUvyf;l;uhd; Fiwthfg; 
ngw;Ws;sJ. vdNtFNshhpd; epiyahdvyf;l;uhd; mikg;igg; ngWk; tifapy; 
xUvyf;l;uhidVw;WFNshiuLmadpahf(Cl-)khwty;yJ 
 
vdNtNrhbak; kw;Wk; FNshhpd; mZf;fs; ,izAk;NghJ>Nrhbak; mZtpypUe;JxUvyf;l;uhd; 
FNshhpd; mZtpw;Fghpkhw;wk; nra;ag;gl;LNrhbak; FNshiuL %yf;$W cUthfpwJ. ,jd; 
%yk; ,U mZf;fSk; epiyahd‘vl;Lvyf;l;uhd;”mikg;igg; ngWfpd;wd.  
 

tpsf;fk; 2 : kf;dPrpak; FNshiuL(MgCl2)cUthjy;  
 
kf;dPrpaj;jpd; mZvz; 12 kw;Wk; mjd; vyf;l;uhd; mikg;G 2> 8> 2 MFk;. kf;dPrpak; 
mjw;FneUf;fkhdke;jthAthdepahidtpl ,uz;Lvyf;l;uhd;fs; $Ljyhfg; ngw;wpUf;fpwJ. 
vdNt>kf;dPrpak; mjd; ntspf;$l;bypUe;J ,uz;Lvyf;l;uhd;fis ,oe;Jepiyahdvyf;l;uhd; 
mikg;igf; nfhz;lkf;dPrpak; madpahf(Mg2+)khWfpwJ.  
 
Vw;fdNttpsf;fpaJNghykf;dPrpak; ,oe;j ,uz;Lvyf;l;uhd;fisAk; ,U FNshhpd; mZf;fs; 
Vw;Wf;nfhz;Lkf;dPrpak; FNshiuL(MgCl2) %yf;$iwcUtf;Ffpd;wd.  
 

madpr; Nrh;kq;fspd; gz;Gfs;:  
 
xU %yf;$wpy; cs;smZf;fSf;fpilNaahdgpizg;gpd; jd;ikNamk;%yf;$wpd; 
gz;Gfiseph;zapf;Fk; Kf;fpaf; fhuzpMFk;. me;jtifapy;>madpr;Nrh;kq;fspy; mZf;fs; 
typikahdepiykpd; fth;r;rptpirahy; gpizf;fg;gLfpd;wd. vdNt 
,g;gpizg;gpw;FhpafPo;f;fz;lgz;Gfismadpr;Nrh;kq;fs; ngw;wpUf;fpd;wd.  
 
,ay;Gepiy:  
Neh;kpd; madpkw;Wk; vjph;;kpd; madpfs; typikkpFepiykpd; fth;r;rptpirahy; 
gpizf;fg;gLtjd; %yk; cUthFk; ,r;Nrh;kq;fspy; madpfs; xUKiwahd tbt 
xOq;fikg;gpy; mike;Js;sd. vdNtmadpr;Nrh;kq;fs; miwntg;gepiyapy; gbfj; 
jpz;kq;fshfcs;sd.  
 
kpd; flj;Jj;jpwd;:  
madpr;Nrh;kq;fs; gbfj; jpz;kq;fs; Mifahy; mtw;wpd; madpfs; kpfTk; neUf;fkhfkw;Wk; 
typikahfgpizf;fg;gl;Ls;sd. madpfs; vspjpy; efu ,ayhJ. vdNtjpz;kepiyapy; 
madpr; Nrh;kq;fs; kpd;rhuj;ijf; flj;Jtjpy;iy. vdpDk;. cUfpaepiyapy; 
my;yJePh;f;fiurypy; kpd;rhuj;ijf; flj;Jfpd;wd.  
 
cUFepiy: 
typikkpFepiykpd; fth;r;rptpirahy; Neh;kpd; kw;Wk; vjph;kpd; madpfs; 
neUf;fkhfgpizf;fg;gl;bUg;gjhy; mtw;iwg; gphpf;fkpfmjpfMw;wy; Njitg;gLfpwJ. 
vdNtmadpr;Nrh;kq;fs; cah; cUFepiykw;Wk; nfhjpepiyfisf; nfhz;Ls;sd.  
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fiujpwd;:  
 
madpr;Nrh;kq;fs; ePh; Nghd;wKidTs;sfiug;ghd;fspy; fiuaf; $bait. ngd;rPd; (C6H6) 
kw;Wk; fhh;gd; nll;uhFNshiuL(CCl4) Nghd;wKidtw;wfiug;ghd;fspy; fiutjpy;iy.  
 
mlh;j;jp>fbdj;jd;ikkw;Wk; nehWq;Fk; jd;ik:  
madpr;Nrh;kq;fspy; typikahdepiykpd; fth;r;rptpirahy; madpfs; 
gpizf;fg;gl;Ls;sjhy;>mitmjpffbdj; jd;ikiaAk;>mlh;j;jpiaAk; nfhz;Ls;sd. Mdhy; 
mitvspjpy; nehWq;Fk; jd;iknfhz;lit.  
 
tpidfs;: 
madpr;Nrh;kq;fs;>fzNeuj;jpy; jPtpukhfeilngWk; madptpidfspy; <LgLtjhy; mtw;wpd; 
tpidNtfk; mjpfk;.  
 
rfg;gpizg;G:  
 
epiyahdvyf;l;uhd; mikg;igg; ngWk; tifapy; mZf;fs; mtw;wpd; ntspf;$l;by; 
cs;svyf;l;uhd;fiskw;wmZf;fSld; gq;fPLnra;J ,izf;fpd;wd. mt;thW ,izAk; 
NghJmtw;wpw;fpilNagpizg;igcUthf;fj; Njitahd ,uz;Lvyf;l;uhd;fis ,U 
mZf;fSk; rkkhfjyhxUvyf;l;uhd; tPjk; toq;Ffpd;wd. ,t;thW> ,U mZf;fs; 
rkkhfvyf;l;uhd;fisg; gq;fPLnra;Jmtw;wpw;fpilNacUthf;Fk; 
gpizg;Grfg;gpizg;Gvdg;gLfpwJ. Y}ap]; tpjpg;gb>,U mZf;fs; vyf;l;uhd;fisg; 
gq;fPLnra;Jrfg;gpizg;igcUthf;Fk;NghJ>mt;tpUmZf;fSk; epiyahdke;jthAvyf;l;uhd; 
mikg;igg; ngWfpd;wd. rfg;gpizg;gpy; ,U mZf;fshy; gq;fPLnra;ag;gLk; vyf;l;uhd;fs; 
mt;tpUmZf;fSf;Fk; nghJthditMifahy; ,J mZg;gpizg;Gvd;Wk; miof;fg;gLfpwJ. 
 
rfg;gpizg;GcUthjy;:  
 
Akw;Wk; Bvd ,uz;LmZf;fisf; fUJNthk;. AmZjd; ntspf;$l;by; 
xUvyf;l;uhidAk;>BmZjd; ntspf;$l;by; VO vyf;l;uhidAk; ngw;wpUg;gjhff; nfhs;Nthk;. 
,t;tpUmZf;fSk; xd;iwnahd;WneUq;Fk;NghJmitjyhxUvyf;l;uhidkw;nwhd;Wld; 
gfph;e;Jnfhs;Sk;. ,jdhy; ,uz;LmZf;fSk; jq;fs; ,izjpwd; $l;by; KOtJk; 
epuk;gpavyf;l;uhd; mikg;igg; ngWtjhy; epiyg;Gj;jd;ikmjpfhpf;fpwJ.  
 

tpsf;fk; 1 : i`l;u[d; %yf;$W cUthjy; (H2)  
 
,uz;Li`l;u[d; mZf;fs; ,ize;JH2 %yf;$W cUthfpwJ. ,q;F ,uz;Li`l;u[d; 
mZf;fSk; jq;fspd; xU ,izjpwd; vyf;l;uhid(1s1)gq;fPLnra;tjd; %yk; 
,uz;Li`l;u[d; mZf;Sk; P̀ypak; mZitxj;jepiyahdvyf;l;uhd; mikg;igg; 
ngWfpd;wd.  
 
tpsf;fk; 2 : FNshhpd; %yf;$W cUthjy; (Cl2) 
 
,uz;LFNshhpd; mZf;fs; ,ize;JFNshhpd; %yf;$W cUthfpwJ. xt;nthUFNshhpd; 
mZTk;> VO ,izjpwd; vyf;l;uhd;fisg; (2> 5) ngw;Ws;sd. 
mitjyhxUvyf;l;uhidjq;fSf;fpilNagq;fPLnra;tjd; %yk; ,uz;LFNshhpd; mZf;fSk; 
epiyj;jvl;Lvyf;l;uhd; mikg;igg; ngWfpd;wd.  
 
tpsf;fk; 3 : kPj;Njd; %yf;$W cUthjy; (CH4) 
 
xUfhh;gd; mZehd;Fi`l;u[d; mZf;fSld; ,ize;JkPj;Njd; %yf;$W cUthfpwJ. 
fhh;gd; mZtpy; ehd;F ,izjpwd; vyf;l;uhd;fs; (2> 4) cs;sd. fhh;gd; 
,e;jehd;Fvyf;l;uhd;fisAk; ehd;Fi`l;u[d; mZf;fSld; jyhxUvyf;l;uhd; tPjk; 
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gfph;e;Jnfhs;fpwJ. fhh;gd; mZtpd; ntspf;$l;by; KOtJk; epuk;gpavl;Lvyf;l;uhd; 
mikg;GcUthtjhy; epiyg;Gj;jd;ikmilfpwJ.  
tpsf;fk; 4 : Mf;]p[d; %yf;$W cUthjy; (O2) 
,uz;LMf;]p[d; mZf;fs; ,ize;JMf;]p[d; %yf;$W cUthfpwJ. xt;nthUMf;]p[d; 
mZTk; jq;fspd; ntspf;$l;by; MW ,izjpwd; vyf;l;uhd;fisg; (2> 6) ngw;Ws;sd. 
,uz;Lvyf;l;uhd;fisjq;fSf;Fs;Nsgq;fPLnra;tjhy; ,U mZf;fSk; 
epiyahdvl;Lvyf;l;uhd; mikg;igg; ngWfpd;wd. vdNtMf;]p[d; mZf;fSf;fpilNa 
,ul;ilg; gpizg;GcUthfpwJ.  
 
tpsf;fk; 5 : iel;u[d; %yf;$W cUthjy; (N2) 
iel;u[d; %yf;$W ,uz;Liel;u[d; mZf;fs; ,iztjhy; cUthfpwJ. xt;nthUiel;u[d; 
mZTk; jq;fspd; ntspf;$l;by; Ie;J ,izjpwd; vyf;l;uhd;fisg; (2> 5) ngw;Ws;sd. 
mt;tpUiel;u[d; mZf;fSk; jyh %d;Wvyf;l;uhd;fisjq;fSf;Fs;Nsgq;fPLnra;tjhy; ,U 
mZf;fSk; epiyahdvl;Lvyf;l;uhd; mikg;igg; ngWfpd;wd. vdNtiel;u[d; 
mZf;fSf;fpilNa %d;Wgpizg;GcUthfpwJ.  
 
rfg;gpizg;Gr; Nrh;kq;fspd; gz;Gfs;:  
 
Nrh;kq;fspd;  gz;Gfs; mtw;wpy; cs;smZf;fSf;fpilahdgpizg;gpd; jd;ikiag; 
nghWj;NjmikAk; vdehk; mwpNthk;. rfg;gpizg;G %yk; cUthdrfg;gpizg;Gr; Nrh;kq;fs; 
madpr; Nrh;kq;fspd; gz;GfspypUe;JKw;wpYk; khWgLfpd;wd.  
 
,aw;gpay; epiyik:  
 
rfg;gpizg;Gr; Nrh;kq;fspd; %yf;$WfSf;F ,ilNaepyTk; fth;r;rptpiriag; 
nghWj;Jmtw;wpd; gpizg;GtypikahfNthmy;yJtypikaw;wjhfNth ,Uf;fyhk;. 
vdNtrfg;gpizg;Gr; Nrh;kq;fs; 
thAepiyapNyh>ePh;kepiyapNyhmy;yJnkd;ikahdjpz;kq;fshfNth ,Uf;fpd;wd. v.fh: 
Mf;]p[d; - thA>ePh; - ePh;kk;>ituk; - jpz;kk;.  
kpd;flj;Jj; jpwd;: rfg;gpizg;Gr; Nrh;kq;fspy; madpfs; ,y;iy. vdNt ,it kpd;rhuj;ijf; 
flj;Jtjpy;iy.  
 
cUFepiy:  
ituk;>rpypfd; fhh;igLNghd;wxUrpyrfg;gpizg;Gr; Nrh;kq;fisj; 
jtpukw;witmadpr;Nrh;kq;fistplFiwe;jcUFepiyiag; ngw;Ws;sd.  
 
fiujpwd;:  
 
rfg;gpizg;Gr; Nrh;kq;fs; ngd;rPd; (C6H6), fhh;gd; 
nll;uhFNshiuLNghd;wKidtw;wfiug;ghd;fspy; vspjpy; fiuAk;. ePh; (CCl4) 
Nghd;wKidTs;sfiug;ghd;fspy; vspjpy; fiutjpy;iy.  
 
fbdj;jd;ikAk; nehWq;Fk; jd;ikAk;:  
rfg;gpizg;Gr; Nrh;kq;fs; fbdj;jd;ikmw;witahfTk;>nehWq;Fk; jd;ikmw;witahfTk; 
cs;sd. ,it nkd;ikahdjpz;kq;fshff; fhzg;gLfpd;wd.  
 
tpidgLj;jpwd;:  
 
rfg;gpizg;Gr; Nrh;kq;fs; %yf;$W tpidfspy; <LgLtjhy; ,tw;wpd; tpidNtfk; FiwT.  
 
/g[hdpd; tpjp:  
 
cNyhfk; madpg;gpizg;G %yk; mNyhfq;fNshL,izfpwJ. mt;thW ,izAk; 
NghJmitmadpr; Nrh;kq;fisj; jUtijehk; mwpNthk;. xUNrh;kj;jpYs;smZf;fs; Neh; 
kw;Wk; vjph; kpd;Riknfhz;lmadpfshfKw;wpYkhfgphpTWjy; KidTWjy; vdg;gLk;. 
mt;thWKidTw;wNrh;kq;fs; madpr;Nrh;kq;fs; vdg;gLfpd;wd.  
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1923 Mk; Mz;L /g[hd; vd;wmwptpay; mwpQh; X–fjph; gbfepwkhdpMa;Tfspd; mbg;gilapy; 
xUrpymadpr; Nrh;kq;fs;>rfg;gpizg;Gr; Nrh;kq;fspd; gz;Gfisg; ngw;wpUg;gijf; fz;lwpe;jhh;. 
,e;jMa;Tfspd; mbg;gilapy; mth; xUNrh;kk; madpg;gpizg;igg; ngw;Ws;sjhmy;yJrfg; 
gpizg;igg; ngw;Ws;sjhvd;gijxUrpyfhuzpfisf; 
nfhz;Lfz;lwpaxUtpjpKiwiacUthf;fpdhh;. ,t;topKiwfs; /g[hd; tpjpvdg;gLfpd;wd. 
/g[hdpd; tpjpNeh;kpd; madpapd; kpd; RikiaAk;>Neh; kw;Wk; vjph; kpd; madpfspd; 
cUtmsitAk; njhlh;GgLj;JfpwJ.  
 

• Neh;kpd; madpapd; cUtmsTrpwpajhfTk;>vjph;kpd; madpapd; cUtmsTnghpajhfTk; 
,Ue;jhy;>gpizg;Grfg;gpizg;Gj; jd;ikngWk;.  
 

• Neh;kpd; madpapd; kpd;Rikmjpfhpf;fmjpfhpf;frfg;gpizg;Gj; jd;ikmjpfhpf;Fk;. 
 
/g[hd; tpjpapd; RUf;fk;  
 

Madpj;jd;ik Rfg;gpizg;Gj; jd;ik 
Fiwe;jNeh;kpd; Rik  MjpfNeh;kpd; Rik  
Neh;kpd; madp–cUtmsTnghpaJ Neh;kpd; madp–cUtmsTrpwpaJ 
vjph; kpd; madp–cUtmsTrpwpaJ Vjph; kpd; madp–cUtmsTnghpaJ 

 

cjhuzj;jpw;F>Nrhbak; FNshiuilf; fUJNthk;. Nrhbaj;jpd; kpd;Rik(+1) FiwthfTk; 
mjd; cUtmsTnghpajhfTk; kw;Wk; FNshhpd; vjph;kpd; madpapd; cUtmsTrpwpajhfTk; 
cs;sjhy;>kpd;Rikfs; vspjpy; gphptilfpd;wd. Mdhy; mYkpdpak; 
biumNahilby;>mYkpdpaj;jpd; kpd;Rikmjpfk; (+3) kw;Wk; mjd; cUtmsTrpwpaJ. 
mNahilLmadpmYkpdpak; madpiatplcUtmstpy; nghpaJ. 
vdNtmtw;wpw;fpilahdkpd;Rikgphpifaile;JKidTWjy; eilngWtjpy;iy. 
MfNtmYkpdpak; biumNahilLxUrfg;gpizg;Gr; Nrh;kk; MFk;. madpr; Nrh;kq;fspd; 
KidTWk; jd;ikiavspikahftpsf;FfpwJ.  
 
<jy; rfg;gpizg;GcUthjy;  
 
vsparfg;gpizg;GcUthjypd; NghJ>gpizg;gpy; <LgLk; ,U mZf;fSk; jyhxUvyf;l;uhd; 
tPjk; gq;fPLnra;Jgpizg;igcUthf;Ffpd;wd. vdpDk;>xUrpyNrh;kq;fspy; 
rfg;gpizg;GcUthfj; Njitahd ,U vyf;l;uhd;fisAk; gpizg;gpy; <LgLk; VNjDk; 
xUmZtoq;fp>gpizg;igcUthf;FfpwJ. ,j;jifagpizg;G<jy; rfg;gpizg;G (m) <jy; 
gpizg;Gvdg;gLfpwJ.  
 
<jy; gpizg;gpy; <LgLk; vyf;l;uhd;fs; jdp ,ul;il(lone pair) vdg;gLfpd;wd. jdp 
,ul;ilvyf;l;uhd;fistoq;Fk; mZ‘<dpmZ’vdTk;>mtw;iwVw;Fk; mZ‘Vw;gpmZ’vdTk; 
miof;fg;gLfpwJ. <jy; rfg;gpizg;G><dpmZtpypUe;JVw;gpmZtpw;Ftiuag;gLk; 
mk;Gf;Fwp(→) %yk; Fwpf;fg;gLfpwJ.  
 
<jy; rfg;gpizg;GcUthjy;:  
 
Akw;Wk; Bvd;w ,U mZf;fisf; fUJNthk;. AmZtpy; gq;fplg;glhjjdp 
,ul;ilvyf;l;uhd;fs; ,Ug;gjhfTk;>BmZtpy; epiyahdvl;Lvyf;l;uhd; mikg;gpw;F 
,uz;Lvyf;l;uhd;fs; Fiwthf ,Ug;gjhfTk; nfhs;Nthk;. ,g;NghJAmZjd; trk; cs;sjdp 
,ul;ilvyf;l;uhd;fismZBf;Ftoq;fpgpizg;igcUthf;FfpwJ. gpizg;gpy; cs;s ,U 
vyf;l;uhd;fisAk; A mZtoq;fpapUe;jNghJk; mtw;iwAkw;Wk; BMfpa ,uz;LmZf;fSk; 
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rkkhfg; gq;fpl;Lf;nfhs;fpd;wd. ,t;thWcUthFk; gpizg;G<jy; rfg;gpizg;G(A → B) 
vdg;gLfpwJ. v.fh. NH3 → BF3 
 
tpsf;fk; 1 : NH3 → BF3%yf;$W ,ilNarfg;gpizg;GcUthjy;  
 
xUrpyNrh;kq;fspy; <jy; rfg;gpizg;ghdJxU %yf;$W>jdpj;j ,izvyf;l;uhd;fiskw;nwhU 
%yf;$wpw;Ftoq;Ftjhy; cUthfpwJ. vLj;Jf;fhl;lhfmk;Nkhdpah %yf;$W (NH3) jdpj;j 
,izvyf;l;uhd;fisNghuhd; biuG@iuL(BF3) %yf;$wpw;Ftoq;fp<jy; 
rfg;gpizg;igcUthf;FfpwJ(NH3 → BF3) ,q;FNH3<dp %yf;$whfTk; BF3Vw;gp 
%yf;$whfTk; cs;sd.  
 
<jy; rfg;gpizg;Gr; Nrh;kq;fspd; gz;Gfs;:  
 
,aw;gpay; epiyik:  
,r;Nrh;kq;fs; thAepiy>ePh;kepiykw;Wk; jpz;kepiyfspy; fhzg;gLfpd;wd.  
 
kpd;flj;Jj; jpwd;:  
rfg;gpizg;Gr; Nrh;kq;fisg; NghyNt><jy; rfg;gpizg;Gr; Nrh;kq;fspYk; madpfs; ,y;iy. 
vdNt> ,it mhpjpy; kpd;flj;jpfs; MFk;.  
 
cUFepiy:  
<jy; rfg;gpizg;Gr; Nrh;kq;fspd; cUFepiykw;Wk; nfhjpepiyrfg;gpizg;Gr; 
Nrh;kq;fistplmjpfkhfTk; madpr; Nrh;kq;fistplFiwthfTk; fhzg;gLfpd;wd.  
 
fiujpwd;:  
ePh; Nghd;wKidTs;sfiug;ghd;fspy; kpfr;rpwpjsNtfiuAk; my;yJfiutjpy;iy. 
ngd;rPd;>nlhYtPd;>fhh;gd; nll;uhFNshiuLNghd;wKidtw;wfiug;ghd;fspy; vspjpy; fiufpwJ.  
 
tpidgLjpwd;:  
 
,r;Nrh;kq;fs; nkJthd %yf;$W tpidfspy; <LgLfpd;wd.  
 
Mf;]p[Ndw;wk;>xLf;fk; kw;Wk; Mf;]p[Ndw;w xLf;ftpidfs;:  
 
xU Mg;gps; goj;ij ntl;b rpwpJ Neuk; itj;jpUe;jhy; mjd; ntl;Lg;gug;G gOg;Gepwkhf 
khWtijf; fhzyhk;. mijg; NghyNt ,Uk;Gg; nghUs;fspy; JUgpbj;jiy md;whl tho;tpy; 
fhz;fpNwhk;. ,it epfof;fhuzk; Mf;]p[Ndw;wk; vDk; tpidMFk;.  
 
Mf;]p[Ndw;wk;:  
 
xU Ntjptpidapy; Mf;]p[d; Nrh;f;fg;gLjNyh> i`l;u[d; ePf;fg;gLjNyh my;yJ 
vyf;l;uhd;fs; ePf;fg;gLjNyh epfOk; NghJ me;jtpid Mf;]p[Ndw;wk; vdg;gLfpwJ.  
 2 Mg +  O2 → 2NgO (Mf;]p[d; Nrh;f;fg;gLjy;) 
 CaH2 → Ca + H2(i`l;u[d; ePf;fg;gLjy;) 
 Fe2+ → Fe3+ + e-vyf;l;uhd; ePf;fg;gLjy;) 
 

xLf;fk;: xU Ntjptpidapy; i`l;u[d; Nrh;f;fg;gLjNyh>Mf;]p[d; ePf;fg;gLjNyh my;yJ 
vyf;l;uhd; Vw;fg;gLjNyh epfOk; NghJ me;jtpid xLf;fk; vdg;gLfpwJ.  
 
2Na + H2 → 2 NaH(i`l;u[d; Nrh;f;fg;gLjy;)  
CuO + H2 → Cu + H2O (Mf;]p[d; ePf;fg;gLjy;)  
Fe3+ e- → Fe2+(vyf;l;uhd; Nrh;f;fg;gLjy;)  
 
Mf;]p[Ndw;wxLf;ftpidfs;:  
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nghJthf> xUtpidapy; Mf;]p[ Ndw;wKk; xLf;fKk; xNu Neuj;jpy; epfo;fpd;wd. 
xUtpidgL nghUs; Mf;]p[Ndw;wk; milAk; NghJ kw;nwhd;W xLf;fkilfpwJ. vdNt> 
,t;tifahd tpidfs; Mf;]p[Ndw;w xLf;f tpidfs; vdg;gLfpd;wd.  
 
 2PbO + C → 2Pb + CO2 
 Zn + CuSO4 → CU + ZnSO4 
 
Mf;]p[Ndw;wpkw;Wk; xLf;fpfs;:  
 
kw;w nghUs;fis Mf;]p[Ndw;wk; milar; nra;Ak; nghUs;fs; Mf;]p[Ndw;wpfs; vdg;gLk;. 
,it kw;wtw;wplkpUe;J vyf;l;uhid thq;fpf; nfhs;tjhy; ,tw;iw vyf;l;uhd; Vw;gpfs; 
vdTk; miof;fpNwhk;.  
 
v.fh: H2O2, MnO4-, CrO3, Cr2O72- 
 
kw;w nghUs;fis xLf;fk; milar; nra;Ak; nghUs;fs; xLf;fpfs; vdg;gLk;. ,it 
kw;wtw;wpw;F vyf;l;uhid toq;Ftjhy; ,tw;iwvyf;l;uhd; <dpfs; vdTk; miof;fpNwhk;.  
 
v.fh: NaBH4, LiAlH4 kw;Wk; gy;Nybak;> gpshl;bdk; Nghd;w cNyhfq;fs;  
 
md;whltho;tpy; Mf;]p[Ndw;w tpidfs;:  
 
,aw;if fhw;wpy; fhzg;gLk; Mf;]p[dhdJ> cNyhfq;fs; Kjy; capUs;s jpRf;fs; tiu 
gytw;iw Mf;]pNdw;wk; milar; nra;fpwJ.  
 

• gsgsf;Fk; cNyhfq;fs;> fhw;wpYs;s Mf;]p[Dld; tpidGhpe;J cNyhf  
Mf;i]Lfshf khWtjhy; jq;fspd; gsgsg;ig ,of;fpd;wd. ,jw;F cNyhfq;fspd; 
mhpkhdk; (Corrosion) vd;Wngah;.  
 

• Gjpjhf tl;lg;gl;l fha;fwpfSk;> goq;fSk; rpwpJ Neuj;jpy; epwk; khWtJ> 
mtw;wpYs;s nehjpfs; Mf;]p[Ndw;wk; miltjhy; cz;lhtjhFk;.  

 
• jpwe;J itf;fg;gl;l czTg; nghUs;fs; nfl;Lg;Nghtjw;F (Rancidity) mg;nghUs;fs; 

Mf;]p[Ndw;wk; miljNy fhuzkhFk;.  
 
Mf;]p[Ndw;wvz;:  
 
xUjdpkj;jpd; Mf;]p[Ndw;w vz; vd;gJ mj;jdpkj;jpd; mZtpd; 
midj;Jvyf;l;uhd;fSk; fzf;fpy; nfhs;sg;gLk; NghJvQ;rpakpd;RikMFk;. 
Mf;]p[Ndw;wvz; vd;gijMf;]p[Ndw;wepiyvdTk; miof;fpNwhk;. xUmZgpizg;gpy; 
<LgLk; NghJvj;jidvyf;l;uhd;fisVw;fpwNjhmy;yJ 
,of;fpwNjhme;jvz;zpf;ifiaMf;[pNdw;wvz; vd;fpNwhk;.  
xU %yf;$wpy; cs;smidj;J mZf;fspd; Mf;]p[Ndw;wvz;fspd; $Ljy; G+[;akhFk;. 
madpfisg; nghWj;jtiuapy; ,f;$LJy; kjpg;Gmadpfspd; kPJs;sepfukpd;Rikf;Fr; rkk;. 
Nrh;kq;fspy; mjpfvyf;l;uhd; fth; jd;ikcs;smZvjph; 
Mf;]p[Ndw;wvz;izAk;>Fiwe;jvyf;l;uhd; fth; jd;iknfhz;lmZNeh; 
Mf;]p[Ndw;wvz;izAk; ngWk;.  

 

vLj;Jf;fhl;L:  
 

• KBr %yf;$wpy; cs;sKmZMf;]p[Ndw;wvz;izAk;>BrmZ -1 
Mf;]p[Ndw;wvz;izAk; ngWfpwJ.  

• NH3 %yf;$wpy; cs;sN d; Mf;]p[Ndw;wvz; - 3 
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• H d; Mf;]p[Ndw;wvz; +1 (cNyhfi`l;iuLfs; jtpu) 

• ngUk;gyhdNrh;kq;fspy; Mf;]p[dpd; Mf;]pNdw;wvz; - 2  
 

Mf;]p[Ndw;wvz;izeph;zapj;jy;  
fzf;fPLfs;  
xUeLepiyahdkpd;Rikaw;w %yf;$wpd; Mf;]p[Ndw;wvz; G+[;[pakhFk;.  
 
tpsf;fk; 1  
H2O y; cs;sHkw;Wk; O d; Mf;]p[Ndw;wvz;  
H – d; Mf;]pNdw;wvz; = + 1 vdTk;>O– d; Mf;]pNdw;wvz; =-2vdTk; nfhs;Nthk;.  
  H2O y; 2 × (+1) + 1 ×  (-2) = 0 
     2 – 2 = 0  
vdNt>H d; M.vz;: +1, O d; M.vz; : -2 
 
tpsf;fk; 2 :  
H2SO4 y; cs;s S d; Mf;]p[Ndw;w vz;  
H – d; Mf;]p[Ndw;w vz; = + 1 
O– d; Mf;]p[Ndw;w vz; = -2  
S– d; Mf;]p[Ndw;w vz; = x vd;f  
vdNt>H2SO4– y;  

2 × (+1) + (+1) + x + 4x (-2) = 0 
      (+2) + x + (-8) = 0  
        x = +6 
 / sd; Mf;]p[Ndw;wvz; = + 6 
 
tpsf;fk; 3 :  
K2Cr2O7– y; cs;s Cr d; Mf;]p[Ndw;wvz;  
K– d; Mf;]p[Ndw;wvz; = +1 
O– d; Mf;]p[Ndw;wvz;  = -2 
Cr– d; Mf;]p[Ndw;wvz; = xvd;f.  
vdNtK2Cr2O7-y;  
    2 ×  (+1) + 2 ×  (x) + 7 × (-2) = 0 
      (+2) + 2x + (-14) = 0  
        2x = 12 
         x = 6 
 
tpsf;fk; 4:  
FeSO4– y; cs; Fe d; Mf;]p[Ndw;wvz;  
O– d; Mf;]p[Ndw;wvz; = -2 
S– d; Mf;]p[Ndw;wvz; = + 6 
Fe– d; Mf;]p[Ndw;wvz; = xvd;f 
 
vdNt>FeSO4y;  
    x + (+6) + 4 ×(-2) = 0 
     x + 6 – 8 = 0 
      x = +2 
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9th mwptpay;  
myF – 14 

mkpyq;fs;> fhuq;fs; kw;Wk; cg;Gfs; 
 
mwpKfk; 
 
ek;ikr; Rw;wpAs;s ,e;j cyfk; mjpfsT Ntjpg;nghUl;fshy; MdJ vd;gJ ehk; mwpe;jJ. 
kz;> fhw;W> ePh; kw;Wk; tho;f;iff;Fj; Njitahd midj;Jg; nghUs;fSk; Ntjpg; 
nghUs;fshy; Mdit. mtw;Ws; Fwpg;ghf mkpyq;fs;> fhuq;fs; kw;Wk; cg;Gfs; ek; md;whl 
tho;tpy; nghpJk; gad;gLfpd;wd. gor;rhWfs;> J}a;ikahf;fpfs; (ryitg; nghUl;fs;) 
kUe;Jg;nghUs;fs; ahTk; ek; md;whl tho;tpy; Kf;fpa gq;F tfpf;fpd;wd. ek; clypd; 
tsh;rpij khw;wkhdJ ekJ tapw;wpy; Ruf;Fk; i`l;NuhFNshhpf; mkpyj;jpd; %ykhfNt 
eilngWfpwJ. mkpyk; vd;gJ Nrh;kk;> ePhpy; fiuAk;nghOJ i`l;u[d; madpfisj; (H+) 
juty;yJ. mNj Nghy; fhuk; vd;gJk; Nrh;kk; ePhpy; fiuAk; nghOJ i`l;uhf;irL (OH) 
madpfisj; juty;yJ. mkpyKk;> fhuKk; xd;Nwhnlhd;W tpidGhpe;J eLepiy tpid 
tpisnghUisj; jUfpd;wd. mJNt cg;G MFk;. ,e;jg; ghlg;gFjpapy; ,itfisg; gw;wp 
ehk; tphpthff; fhz;Nghk;.  
 
mkpyq;fs;:  
 
fPNo nfhLf;fg;gl;Ls;s ekJ md;whl tho;tpy; gad;gLj;jg;gLk; rpy nghUl;fspd; glj;ijg; 
ghh;f;fTk;.  
 
rhg;gplf;$ba ,e;j midj;Jg; nghUs;fSk; xNu Ritiaf; nfhz;lit. mjhtJ Gspg;Gr; 
Rit. ,e;j Gspg;Gr; Ritia vJ Vw;gLj;JfpwJ? mtw;wpy; cs;s VNjh xU tifahd 
Ntjpr; Nrh;kq;fs; Gspg;Gr; Ritia Vw;gLj;Jfpd;wd. ,itfs; mkpyq;fs; 
vd;wiof;fg;gLfpd;wd. ‘Mrpl;’ vd;w Mq;fpyr; nrhy; ‘mrpl;];” vd;w ,yj;jPd; nkhopapypUe;J 
ngwg;gl;lJ. mjd; nghUs; Gspg;Gr; Rit> Gspg;Gr; Rit nfhz;l nghUs;fs; mkpyq;fs; 
vdg;gLk;.  
1884-Mk; Mz;L ];tPld; ehl;L Ntjpapayhh; ];thd;Nl mh;`Pdpa]; mkpyq;fs; kw;Wk; 
fhuq;fisg; gw;wpa nfhs;ifia Kd;nkhope;jhh;. mh;`Pdpa]; $w;Wg;gb> mkpyq;fs; ePhpy; 
fiuAk; nghOJ H+madpfisNah my;yJ H3O+ 

 
mkpyq;fSk; %yq;fSk;  
 

%yq;fs; mkpyq;fs;  
Mg;gps;  khypf; mkpyk;  
vYkpr;ir  rpl;hpf; mkpyk;  
jpuhl;ir  lhh;lhhpf; mkpyk; 
jf;fhsp Mf;]hypf; mkpyk; 
tpdpfh; mrpl;bf; mkpyk; 
japh; yhf;bf; mkpyk;  
MuQ;R  m];fhh;gpf; mkpyk;  
NjePh; lhdpf; mkpyk;  
tapw;wpy; Ruf;Fk; mkpyk; i`l;NuhFNshhpf; mkpyk; 
vWk;G> NjdPapd; nfhLf;F  ghh;kpf; mkpyk;  

 
madpfisNah jUfpd;wd. mkpyq;fs; xd;W my;yJ mjw;F Nkw;gl;l ,lg;ngah;r;rp 
nra;aj;jf;f i`l;u[d; mZf;fisf; nfhz;lit.  
 
vLj;Jf;fhl;lhf i`l;u[d; FNshiuL ePhpy; fiuAk; nghOJ H+madpfisAk;>Cl- 
madpfisAk; jUfpwJ.  
    HCl(aq) →H+(aq) + Cl-(aq)    
ePhpy; mkpyk; kw;Wk; fhuj;jpw;F vd;d epfOk;? ePh;j;j fiurypy; kl;Lk;jhd; mkpyq;fs; 
madpfisj; jUfpd;wdth? i`l;Nuh FNshhpf; mkpyk; ePUld; tpidGhpe;J i`l;u[d; 
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madpfisj; jUfpwJ. ePh; ,y;yhj nghOJ i`l;NuhFNshhpf; mkpyj;jpy; cs;s i`l;u[d; 
madpfisg; gphpf;f KbahJ.  
   HCl + H2O H2O+ + Cl- 
i`l;u[d; madpfs; jdpj;Jf; fhzg;gLtJ ,y;iy. ,it ePUld; Nrh;e;J i`l;Nuhdpak; 
(H3O+) madpfshf cs;sd. MfNt i`l;u[d; madpfs; H+my;yJ H3O+Mf ,Uf;Fk;  
   H+ + H2O →H3O+ 
 
midj;J mkpyq;fSk; xd;W my;yJ mjw;F Nkw;gl;l i`l;u[d; mZf;fisf; 
nfhz;lit. Mdhy; i`l;u[d; cs;s midj;Jg; nghUs;fSk; mkpyq;fs; my;y. 
v.fh kPj;Njd; (CH4) kw;Wk; mk;Nkhdpah (NH3) Mfpait i`l;u[idf; 
nfhz;Ls;sd. Mdhy; ,it ePh;j;j fiurypy; i`l;u[d; (H+) madpfisj; juhJ.  
 
gy;NtW mkpyq;fs; ePhpy; fiue;J vt;thW madpfis cUthf;Ffpd;wd vd;gij fPo;f;fz;l 
ml;ltizapy; ghh;f;fyhk;.  
 
mkpyq;fshy; cUthd madpfs;:  
mkpyq;fs;  %yf;$W 

tha;g;ghL  
madpfs; cUthjy; ,lg;ngah;r;rp 

nra;aKbAk; 
i`l;u[dpd; 
vz;zpf;if  

mrpl;bf; 
mkpyk; 

CH3COOH H+ CH3COO- 1 

ghh;kpf; mkpyk; HCOOH H+ HCOO- 1 
iel;hpf; mkpyk; HNO3 H+ 

3NO−  1 

ry;gpA+hpf; 
mkpyk; 

H2SO4 H+ 2

4SO −  2 

gh];ghhp]; 
mkpyk;  

H3PO4 H+ 3

4PO −  3 

 
mkpyq;fspd; tiffs;:  
 
mkpyq;fs; fPo;f;fz;lthW gy;NtW tiffspy; tifg;gLj;jg;gLfpd;w.  
 
%yq;fspd; mbg;gilapy;;  
fhpk mkpyq;fs;: jhtuq;fs; kw;Wk; tpyq;Ffspy; (caphpdq;fspy;) fhzg;gLk; mkpyq;fs; fhpk 
mkpyq;fs; vdg;gLk;. v.fh: ghiwfs; kw;Wk; fdpkg; nghUs;fspypUe;J ngwg;gLk; mkpyq;fs; 
fhpk mkpyq;fs; vdg;gLk;. v.fh: HCOOH, CH3COOH. 
 
fdpk mkpyq;fs;:  
 
ghiwfs; kw;Wk; fdpkg; nghUs;fspypUe;J ngwg;gLk; mkpyq;fs; fdpk mkpyq;fs; vdg;gLk;. 
v.fh: HCl, HNO, H2SO4 
 
fhuj;Jtj;jpd; mbg;gilapy;:  
xw;iwf; fhuj;Jt mkpyk;: ,it> xU %yf;$wpy; xNu xU gjpyPL nra;ag;glf;$ba 
i`l;u[d; madpiag; ngw;w mkpyq;fs; MFk;. ,J ePh;f;fiurypy; xU %yf;$W 
mkpyj;jpw;F xU i`l;u[d; madpiaj; jUfpwJ. v.fh. HCl, HNO3 
 
mkpyq;fSf;F fhuj;Jtk; vd;w gjj;ijg; gad;gLj;JfpNwhk;. ,J mjpYs;s 
,lg;ngah;r;rp nra;af;$ba i`l;u[d; mZf;fspd; vz;zpf;ifiaf; Fwpg;gjhFk;. 
v.fh. mrpl;bf; mkpyj;jpy; (CH3COOH) ehd;F i`l;u[d; mZf;fs; ,Ue;jhYk;> xNu 
xU i`l;u[id kl;LNk ,lg;ngah;r;rp nra;a KbAk;. vdNt ,J xw;iwf; 
fhuj;JtKilaJ.  
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,ul;ilf; fhuj;Jt mkpyk;: ,it ePh;f;fiurypy; xU %yf;$W mkpyj;jpw;F ,uz;L 
i`l;u[d; madpfisj; jUfpd;wd. v.fh: H2SO4, H2CO3 
 
Kk;ikf; fhuj;Jt mkpyk;: ,it ePh;f;fiurypy; xU %yf;$W mkpyj;jpw;F %d;W i`l;u[d; 
madpfisj; jUfpd;wd. v.fh: H3PO4 
 
madpAWk; mbg;gilapy;:  
 
mkpyq;fs; ePhpy; KOtJkhfNth my;yJ gFjpahfNth fiuAk; nghOJ i`l;u[d; (H+) 
madpfisj; jUfpd;wd. madpAWk; Mw;wy; mbg;gilapy; mkpyq;fis ,Utifahfg; 
gphpf;fyhk;.  
 
typik kpF mkpyq;fs;:  
,e;j mkpyq;fs; ePhpy; KOtJkhf madpAWfpd;wd. v.fh: HCl 
 
typik Fiwe;j mkpyq;fs;:  
 
,e;j mkpyq;fs; ePhpy; gFjpasNt madpAWk; jd;ik nfhz;lit. v.fh: CH3COOH.  
ntg;gk; my;yJ fjph;tPr;R my;yJ Ntjptpid my;yJ kpd;dpwf;fj;jhy; madpfisg; 
gphpj;njLf;Fk; epiy madpahjy; vdg;gLk;.  
 
nrwptpd; mbg;gilapy;:  
nrwpT kpF mkpyq;fs;: ,J xU fiug;ghdpy; mjpfsT fiue;Js;s mkpyj;ijf; 
nfhz;Ls;sJ.  
 
ePh;j;j mkpyq;fs;:  
,J xU fiug;ghdpy; Fiwe;j msT fiue;Js;s mkpyj;ijf; nfhz;Ls;sJ.  
 
mkpyq;fspd; gz;Gfs;:  
 
1. mkpyq;fs; Gspg;Gr; Rit cilait.  
2. ,tw;wpd; ePh;j;j fiury;fs; kpd;rhuj;ijf; flj;Jk;> Vndd;why;> ,it madpfisf; 

nfhz;Ls;sd.  
3. ,it ePy ypl;k];jhis rptg;ghf khw;Wk;.  
4. mkpyq;fs; nray;jpwd; kpf;f cNyhfq;fSd; tpidGhpe;J i`l;u[d; thAitj; 

jUfpd;wd.  
Mg + H2O4  → MgSO4 + H2 ↑ 
Zn + 2HCl   →  ZnCl2 + H2↑ 
 
rpy cNyhfq;fs; mkpyj;Jld; tpidGhpe;J i`l;u[id 
ntspNaw;Wtjpy;iy. v.fh: Ag, Cu 

 
5. mkpyq;fs; cNyhf fhh;gNdl;Lfs; kw;Wk; cNyhf igfhh;gNdl;LfSld; tpidGhpe;J 

fhh;gd; il Mf;irilj; jUfpd;wd.  
  Na2CO3 + 2HCl → 2NaCl + H2O + CO2 ↑ 

NaHCO3 + HCl → NaCl + H2O + CO2 ↑ 
mkpyq;fs; cNyhf Mf;irLfSld; tpidGhpe;J cg;igAk;> ePiuAk; jUfpd;wd.  
   HCl + NaOH → NaCl + H2O  
 
nrwpT kpFe;j fdpk mkpyj;ij ePhf;Fk; NghJ kpff; ftdkhf nray;gl Ntz;Lk;. 
vg;nghOJNk mkpyj;ij ePhpDs; rpwpJ rpwpjhfr; Nrh;j;J fyf;fpf; nfhz;Nl ,Uf;f 
Ntz;Lk;. ,t;thW nra;ahky; nrwpT kpFe;j mkyj;jpDs; ePiur; Nrh;j;jhy;> mjpf 
msT ntg;gk; ntspNawp> mkpyk; nfhs;fydpypUe;J ntspNa njwpj;J clypy; 
fhaj;jpid Vw;gLj;Jk;.  
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mkpyq;fspd; gad;fs;:  
 

• ry;gpA+hpf; mkpyk; Ntjpg; nghUs;fspd; murd; vd;wiof;fg;gLfpwJ. Vnddpy; gy 
Nrh;kq;fs; jahhpg;gjw;F ,J gad;gLfpwJ. thfd kpd;fyq;fspYk; ,J gad;gLfpwJ.  

• i`l;Nuh FNshhpf; mkpyk;> foptiwfisj; J}a;ikg;gLj;Jk; nghUshfg; gad;gLfpwJ.  
• rpl;hpf; mkpyk; czTg; nghUs;fisg; gjg;gLj;jg; gad;gLfpwJ.  
• iel;hpf; mkpyk; cukhfg; gad;gLk; mk;Nkhdpak; i`l;Nul; vd;w Nrh;kj;ijAk;> 

rhaq;fs;> tz;zg; G+r;Rfs; kw;Wk; kUe;JfisAk; jahhpf;fg; gad;gLfpwJ.  
• Mf;]hypf; mkpyk; Fthh;l;]; gbfj;jpy; Vw;gLk; ,Uk;G kw;Wk; khq;fdPR gbTfis 

Rj;jk; nra;aTk;> kug;nghUs;fisj; J}a;ikahf;fTk; kw;Wk; fUg;Gf;fiwfis ePf;fTk; 
gad;gLfpwJ.  

• fhh;ghdpf; mkpyk; fhw;W milf;fg;gl;l ghdq;fspy; gad;gLfpwJ.  
• lhh;lhhpf; mkpykhdJ nuhl;br; Nrhlhtpd; xU gFjpg;nghUshFk;.  

 
mkpyf; fiurypy; ePhpd; gq;F:  
mkpyq;fs; ePhpy; fiuAk; NghJ kl;LNk jq;fspd; gz;Gfis ntspg;gLj;Jk;. ePhpy; 
fiuAk; NghJ i`l;u[d; (H+) madpfisj; jUtjhy;>mJ mkpyk; vd 
mwpaKbfpwJ. mNj rkak; fhpkf; fiug;ghdpy; mkpyq;fs; madpAWtjpy;iy.  
 
v.fh: i`l;u[d; FNshiuL ePhpy; fiuAk;NghJ H+, Cl-madpfisj; jUfpwJ. mNj 
rkak; vj;jdhy; Nghd;w fhpkf; fiug;ghdpy; madpAwhky; %yf;$WfshfNt ,Uf;Fk;.  

 
,uh[ jpuhtfk;:  
 
cNyhfq;fspy; jq;fk; kw;Wk; nts;sp kl;LNk HCl kw;Wk; HNO3 cld; tpidGhpahJ vd;gJ 
ehk; mwpe;j xd;W. Mdhy; ,e;j ,uz;L mkpyq;fspd; fyit jq;fj;ijf; fiuf;Fk; 
jpwDs;sJ. me;j fyitapd; ngah; ,uh[jpuhtfk; vdg;gLk;. ,uh[jpuhtfk; vd;gJ %d;W 
gq;F i`l;NuhFNshhpf; mkpyk;> xU gq;F iel;hpf; mkpyk; fye;j fyit MFk;. ,jd; 
Nkhyhh; tpfpjk; 3 : 1. ,J kQ;rs; - MuQ;R epwKila Gifaf;$ba jputk; MFk;. ,J 
jq;fk; kw;Wk; rpy fbd cNyhfq;fisAk; mjpf mstpy; mhpkhdk; nra;af; $ba jpwd; 
nfhz;lJ.  
 
,uh[ jpuhtfk; vd;w nrhy; ,yj;jPd; nkhopapypUe;J ngwg;gl;lJ. ,jd; nghUs; jputj;jpd; 
murd; vd;gjhFk;. ,J kpFe;j Mw;wy; nfhz;lJ. ,uh[jpuhtfk; kpf cd;djkhd epiyapy; 
cs;s jq;fk;> gpshl;bdk; kw;Wk; ngy;Nybak; Nghd;w cNyhfq;fisf; $l fiuf;fty;yJ.  
 
Ntjp tha;g;ghL   : 3 HCl + HNO3 
ePhpy; fiujpwd;   : fiuAk;  
cUF epiy   : -42ºC (-44ºF, 231K)  
nfhjpepiy   : 108ºC (226ºF, 381 K)  
 
,uh[jpuhtfj;jpd; gad;fs;:  
1. jq;fk; kw;Wk; gpshl;bdk; Nghd;w cNyhfq;fisf; fiug;gjw;F Kjd;ikahfg; 

gad;gLj;jg;gLfpwJ.  
 

2. jq;fj;ij Rj;jk; nra;aTk;> Rj;jpfhpf;fTk; gad;gLfpwJ.  
 
fhuq;fs;:  
mh;`Pdpa]; nfhs;ifapd;gb> fhuq;fs; ePHpy; fiuAk; NghJ i`l;uhf;irL (OH-) 
madpfisj; jUtdthFk;. rpy cNyhf Mf;irLfs; mkpyq;fSld; tpidGhpe;J cg;igAk;> 
ePiuAk; jUfpd;wd. ,it fhuq;fs; vd;W miof;fg;gLfpd;wd. ePhpy; fiuAk; fhuq;fs; 
vhpfhuq;fs; vd;wiof;fg;gLfpd;wd. xU fhuk; mkpyj;Jld; tpid Ghpe;J cg;igAk;> ePiuAk; 
kl;Lk; jUk;.  
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  fhuk; + mkpyk; → cg;G + ePh;  
vLj;Jf;fhl;lhf> [pq;f; Mf;irL (ZnO), HCl cld; tpidGhpe;J [pq;f; FNshiuL cg;G 
kw;Wk; ePiuj; jUfpwJ.  
  ZnO(s) + 2HCl(aq) →ZnCl2(aq) + H2O(l)  
 
,NjNghy; Nrhbak; i`l;uhf;irL ePhpy; madpAw;W> i`l;uhf;irL madpfisj; jUfpwJ. 
MfNt> ,J ePhpy; fiufpwJ. vdNt ,J xU vhpfhuk; MFk;.  
  NaOH(aq)→ Na+(aq) +OH-(aq)  
fhuq;fs; xd;W my;yJ mjw;F Nkw;gl;l ,lg;ngah;r;rp nra;aj;jf;f Mf;irL kw;Wk; 
i`l;uhf;irL madpfisf; nfhz;Ls;sd.  
 
fhuq;fs; ePhpy; fiue;J madpfis cUthf;Ftijf; fhl;LfpwJ.  
 

ePhpy; fhuj;jpd; %yk; cUthd madpfs; 
 

fhuk; %yf;$W 
tha;g;ghL 

madpfs; 
cUthjy; 

,lg;ngah;r;rp 
nra;aj;jf;f 
Mf;irL / 

i`l;uhf;rpy; madp 
fhy;rpak; Mf;irL CaO Ca2+ O2- 1 
Nrhbak; Mf;irL Na2O Na+ O2- 1 
nghl;lhrpak; 
i`l;uhf;irL 

KOH K+ OH- 1 

fhy;rpak; i`l;uhf;irL Ca(OH)2 Ca2+ OH- 2 
mYkpdpak; i`l;uhf;irL Al(OH)3 Al3+ OH+ 3 
 
midj;J vhpfhuq;fSk; fhuq;fs; MFk;. Mdhy; midj;Jf; fhuq;fSk;> vhpfhuq;fSk; 
my;y. v.fh. NaOH kw;Wk; KOH vhpfhuq;fs; MFk;. Al(OH)3,kw;Wk; Zn(OH)3fhuq;fs; 
MFk;.  
 
fhuq;fspd; tiffs;: 
mkpyj;Jtj;jpd; mbg;gilapy; fhuq;fs;:  
xw;iw mkpyj;Jt fhuk;: ,it ePhpy; madpAw;W xU %yf;$W fhuj;jpw;F xU 
i`l;uhf;irL madpiaj; jUgit. v.fh: NaOH, KOH 
 
,ul;il mkpyj;Jtf; fhuk;:  
,it ePhpy; madpAw;W> xU %yf;$W fhuj;jpw;F xU i`l;uhf;irL madpfisj; jUgit. 
v.fh: Ca(OH)., Mg(OH).  
 

Kk;ik mkpyj;Jtf; fhuk;: 
,it  ePhpy; madpAw;W> xU %yf;$W fhuj;jpw;F %d;W i`l;uhf;irL madpfisj; 
jUgit. v.fh: Al(OH)3, Fe(OH)3 
 
nrwptpd; mbg;gilapy; fhuq;fs;:  
nrwpT kpF fhuq;fs;: ,it ePh;f; fiurypy;> mjpf rjtPjk; fhuj;ijf; nfhz;Ls;sd.  
 
ePh;j;j fhuq;fs;:  
,it ePh;f; fiurypy;> Fiwe;j rjtPjk; fhuj;ijf; nfhz;Ls;sd.  
 
madpahjy; mbg;gilapy; fhuq;fs;:  
typik kpF fhuq;fs;: ,it ePH;j;j fiurypy; KOtJkhf madpAWfpd;wd. v.fh: NaOH, 
KOH  
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typik Fiwe;j fhuq;fs;: ,it ePh;j;j fiurypy; gFjpasNt madpAWfpd;wd. v.fh: 
NH4OH,Ca(OH)2 
mkpyj;Jtk; vd;gJ xU fhu %yf;$wpYs;s ,lg;ngah;r;rp nra;af;$ba i`l;uhf;rpy; 
njhFjpfspd; vz;zpf;ifahFk;.  
 
fhuq;fspd; gz;Gfs;: 

 
1. fhuq;fs; frg;Gr; Rit nfhz;lit 

 
2. ePh;j;j fiurypy; Nrhg;G Nghd;w totog;Gj; jd;ikiaf; nfhz;lit.  

 
3. rptg;G ypl;k]; jhis ePy epwkhf khw;Wgit. 

 
4. ,tw;wpd; ePHj;j fiury;fs; kpd;rhuj;ijf; flj;Jk; jpwd; cilait. 

 
5. fhuq;fs;> cNyhfq;fSld; tpidGHpe;J cg;igAk;> i`l;u[idAk; jUfpd;wd.  

Zn + 2 NaOH →Na2ZnO2 + H2↑ 
 

6. fhuq;fs;> mNyhf Mf;irLfSld; tpidGhpe;J cg;igAk;> ePiuAk; jUfpd;wd. ,e;j 
tpidahdJ mkpyj;jpw;Fk;> fhuj;jpw;Fk; ,ilNa cs;s tpid Nghy cs;sjhy;> 
mNyhf Mf;irLfs; mkpyj; jd;ikAilaJ vd;w KbTf;F tuyhk;. 

Ca(OH)2 + CO2 → CaCO3 + H2O  
 

7. fhuq;fs;> mkpyq;fSld; tpidGhpe;J cg;igAk;> ePiuAk; jUfpd;wd.  
KOH + HCl → KCl H2O  

NkNy Fwpg;gpl;l tpid> fhuj;jpw;Fk; mkpyj;jpw;Fk; ,ilNa Vw;gLk; 
eLepiyahf;fy; tpid vdg;gLk;.  
 

8. mk;Nkhdpak; cg;GfSld;> fhuq;fis ntg;gg;gLj;Jk; NghJ> mk;Nkhdpah thA 
cUthfpwJ.  

NaOH + NH4Cl → NaCl + H2O + NH3↑  
  
rpy cNyhfq;fs; Nrhbak; i`l;uhf;irLld; tpidGhptjpy;iy. Cu, Ag, Cr.  

 
Nkw;fz;l Nrhjidfspy; kpd; tpsf;fhdJ> mkpyj;jpy; kl;Lk; xspUk;. Mdhy;> FSf;Nfh]; 
kw;Wk; My;f`hy; kpd;rhuj;ijf; flj;jhJ. kpd;tpsf;F xsph;tJ fiurypd; topNa kpd;rhuk; 
gha;fpwJ vd;gij czh;j;JfpwJ. kpd;rhukhdJ madpfspd; %ykhf fiurypy; vLj;Jr; 
nry;yg;gLfpwJ. ,Nj Nrhjidia fhuq;fshd Nrhbak; i`l;uhf;irL kw;Wk; fhy;rpak; 
i`l;uhf;irLld; nra;J ghh;f;fTk;.  
 
fhuq;fspd; gad;fs;:  
 
1. Nrhg;G jahhpf;f Nrhbak; i`l;uhf;irL gad;gLfpwJ.  

 
2. fl;blq;fSf;F Rz;zhk;G G+r fhy;rpak; i`l;uhf;irL gad;gLfpwJ.  

 
3. tapw;Wf; NfhshWf;F kUe;jhf nkf;dPrpak; i`l;uhf;irL gad;gLfpwJ.  

 
4. Jzpfspy; cs;s vz;nza;f; fiwfis ePf;Ftjw;F mk;Nkhdpak; i`l;uhf;irL 

gad;gLfpwJ.  
 
mkpyq;fs; kw;Wk; fhuq;fisf; fz;lwpAk; Nrhjidfs;:  
 
1. ypl;k]; jhSld; Nrhjid:  

mkpyk; ePy ypl;k];jhis rptg;ghf khw;Wk;.  
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2. epwq;fhl;b gpdhg;jyPDld; Nrhjid:  

mkpyj;jpy; gpdhg;jyPd; epwkw;wJ. fhuj;jpy; ,sQ;rptg;G epwj;ij cUthf;Fk;.  
 

3. epwq;fhl;b nkj;jpy; MuQ;Rld; Nrhjid:  
mkpyj;jpy; nkj;jpy; MuQ;R ,sQ;rptg;G epwj;ij cUthf;Fk;. fhuj;jpy; nkj;jpy; MuQ;R 
kQ;rs; epwj;ij cUthf;Fk;.  
 

epwq;fhl;b mkpyj;jpy; epwk; fhuj;jpd; epwk; 
ypl;k];  ePyk; - rptg;G  rptg;G – ePyk;  
gpdhg;jyPd; epwkw;wJ. ,sQ;rptg;G  
nkj;jpy; MuQ;R  ,sQ;rptg;G  kQ;rs;  
 

mkpyk; kw;Wk; fhuf; fiury;fspd; typik:  
 
pH mstPL  
fiuriy> i`l;u[d; madpfspd; nrwptpd; mbg;gilapy; mstpLjNy pH mstPL vdg;gLk;. 
pH ,y; cs;s p vd;gJ n[h;kd; nkhopapy; cs;s ‘nghl;ld;~;’ vd;w thh;j;ijiaf; 
Fwpf;fpwJ. ,jd; nghUs; ‘mjpf Mw;wy;’ vd;gjhFk;. pH mstPl;by; 0 Kjy; 14 tiu 
mstplg;gLk;. pH kjpg;Gfs;> xU fiurypd; mkpyj;jd;ik> fhuj;jd;ik my;yJ eLepiyj; 
jd;ik Mfpatw;iw milahsk; fhz cjTfpd;wd.  
 

• mkpyj; jd;ik nfhz;l fiurypd; kjpg;G 7 I tplf; Fiwthf ,Uf;Fk;.  
 

• fhuj; jd;ik nfhz;l fiurypd; kjpg;G 7 I tpl mjpfkhf ,Uf;Fk;.  
 

 
• eLepiyj; jd;ik nfhz;l fiurypd; kjpg;G -f;Fr; rkkhf ,Uf;Fk;  

 
cg;Gfs;:  
cg;G vd;whNy rhjhuz cg;G cq;fs; epidtpw;F tuyhk;. fly; ePhpy; gy tifahd 
cg;Gfs; fiue;Js;sd. mtw;wpypUe;J Nrhbak; FNshiuL gphpj;njLf;fg;gLfpwJ. ,it gy 
tiffspy; gad;gLfpd;wd. midj;J cg;GfSk; madpfspd; Nrh;kkhFk;. mkpyq;fSf;Fk;> 
fhuq;fSf;FkpilNa epfOk; eLepiyahf;Fk; tpidapd; %yk; fpilf;Fk; tpis nghUs;fNs 
cg;GfshFk;. ,it ePhpy; fiuj;J Neh; kw;Wk; vjph; madpfis cUthf;Ffpd;wd.  

 
cg;Gfspd; tiffs;:  
 
rhjhuz cg;Gfs;:  
Xh; mkpyk; kw;Wk; fhuk; ,tw;wpd; KOikahd eLepiyahf;fypd; NghJ rhjhuz cg;G 
fpilf;fpwJ.  
   NaOH + HCl → NaCl + H2O  
mkpy cg;Gfs;:  
Xh; cNyhfkhdJ mkpyj;jpYs;s i`l;u[d; mZf;fspd; gFjpasit ntspNaw;Wtjhy; 
,it cUthfpd;wd. gy fhuj;Jt mkpyj;ij xU fhuj;jpdhy; gFjpasT eLepiyahf;fp 
,it ngwg;gLfpd;wd.  
 
   NaOH + H2SO4 →NaHSO4 + H2O  
 
fhu cg;Gfs;: 
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,it ,U mkpyj;Jt my;yJ %d;W mkpyj;Jftf; fhuq;fspYs;s i`l;uhf;irL 
madpfis Xh; mkpyj;jhy; gFjpasT ntspNawr; nra;J ngwg;gLfpd;wd.  
     Pb(OH)2 + HCl → Pb(OH)Cl + H2O  
,ul;il cg;Gfs;: 
 
rkkhd %yf;$W viltpfpj msTfspy; ,uz;L vspa cg;Gfspd; epiwTw;w fiury;fisr; 
Nrh;j;J gbfkhf;Fk; NghJ ,ul;il cg;Gfs; cUthfpd;wd. cjhuzkhf> nghl;lh~; gbfhuk; 
vd;gJ nghl;lhrpak; ry;Ngl; kw;Wk; mYkpdpak; ry;Ngl; fye;j fyitahFk;.  
   KAl(SO4)2. 12 H2O 
cg;Gfspd; gz;Gfs;:  
 

• cg;Gfs; ngUk;ghYk; jplg;nghUs;fshFk;. mjpf ntg;gepiyapy; cUfTk;> nfhjpf;fTk; 
nra;fpd;wd.  
 

• ngUk;ghyhd cg;Gfs; ePhpy; fiuAk;. v.fh: Nrhbak; FNshiuL> nghl;lhrpak; FNshiuL. 
Mdhy; rpy;th; FNshiuL ePhpy; fiuahJ.  
 

• epwkw;wJ. ntz;ikahdJ> fd rJu gbfk; my;yJ gbfj; J}shf ,Uf;Fk;.  
 

• ePiu cwpQ;Rk; jd;ikAilaJ.  
 
gbf ePh;:  
gy cg;Gfs; ePh; %yf;$WfSld; ,ize;J gbfkhff; fhzg;gLfpd;wd. ,e;j ePh; 
%yf;$Wfs; gbf ePH; vdg;gLk;. gbf ePiuf; nfhz;l cg;Gfs; ePNuw;w cg;Gfs; vdg;gLk;. 
cg;Gld; ,ize;J ePNuw;wk; nfhz;l ePh; %yf;$Wfis Ntjp tha;ghl;bw;Fg; gpd; xU Gs;sp 
itj;J mjd; msT Fwpg;gplg;gLk;. v.fh. fhg;gh; ry;Ngl; vd;w cg;gpy; Ie;J ePh; 
%yf;$Wfs; cs;sd. mjid ,t;thW vOjyhk;. CuSO4.5H2O ,jid fhg;gh; ry;Ngl; 
ngd;lhi`l;Nul; vd miof;fyhk;. ,e;j gbf ePh; fhg;gh; ry;Ngl;il ePy epwkhf khw;Wk;. 
,jid ntg;gg;gLj;Jk; NghJ ePh; %yf;$Wfis ,oe;J ntz;ikahf khWk;. 
 
gbf ePH; mw;w cg;Gfs; ePNuw;wk; mw;w cg;Gfs; vdg;gLk;. ,it J}shff; fhzg;gLk;;.  
 

cg;G  ePuw;w 
cg;gpd; 
tha;g;ghL  

ePNuwpa 
cg;Gfspd; 
tha;g;ghL  

ePNuwpa cg;Gfspd; ngah;  

[pq;f; ry;Ngl; ZnSO4 ZnSO4. 7H2O  

nkf;dPrpak; FNshiuL MgCl2  nkf;dPrpak; FNshiuL 
n`f;]h i`l;Nul;  

,Uk;G II ry;Ngl;  FeSO4. 7H2O ,Uk;G II ry;Ngl; n`g;lh 
i`l;Nul;  

fhy;rpak; FNshiuL CaCl2 CaCl2.2H2O  

Nrhbak; jNah ry;Ngl; Na2S2O3  Nrhbak; jNah ry;Ngl; 
ngd;lh i`l;Nul; 

 

cg;ig milahsk; fhZjy;:  
 

1. ,aw; Nrhjidfs;: cg;Gfspd; epwk;> kzk; kw;Wk; mlh;j;jp Mfpatw;iw mwpjy;. ,e;j 
Nrhjid ek;gfj;jd;ik mw;wJ.  
 
 

2. cyh; ntg;g Nrhjid: cyh;e;j Nrhjidf; Fohapy; rpwpjsT cg;ig vLj;Jf;nfhz;L 
#LgLj;jTk;. ePh; Mtpahd gpwF> fiuahj cg;Gfs; Nrhjidf; Fohapd; mbapy; 
jq;Fk;.  
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3. Rlh; Nrhjid: rpy cg;Gfs; mlh; i`l;NuhFNshhpf; mkpyj;Jld; tpidGhpe;J 
mtw;wpd; FNshiuLfisj; jUfpd;wd. mlh; i`l;NuhFNshhpf; mkpyj;Jld; fye;j 
fyit gpshl;bdk; fk;gpapd; cjtpNahL Rlhpy; fhl;lg;gLfpJ.  
 

Rlhpd; epwk; fhz;git 
nrq;fy; rptg;G  Ca2+ 
nghd;dpw kQ;rs;  Na2+ 
,sQ;rptg;G cjh K+ 
gr;ir  Zn2+ 

 
4. i`l;Nuh FNshhpf; mkpyj;ij> fhh;gNdl; cg;GfSld; Nrh;f;Fk; nghOJ> Eiu 

nghq;Fk; fhh;gd; il Mf;irL thAitj; jUfpwJ.  
 
cg;Gfspd; gad;fs;:  
rhjhuz cg;G – Nrhbak; FNshiuL (NaCl)  
,J ek; md;whl cztpYk;> czitg; ghJfhg;gjpYk; gad;gLfpwJ. 
 
ryit Nrhlh – Nrhbak; fhh;gNdl; (Na2Co3)  
1. ,J fbd ePiu nkd;dPuhf;fg; gad;gLfpwJ.  
2. ,J fz;zhbj; njhopw;rhiy> Nrhg;G kw;Wk; Ngg;gh; njhopw;rhiyfspy; gad;gLfpwJ.  
 
rikay; Nrhlh – Nrhbak; ig fhh;gNdl; (NaHCo3)  
1. ,J nuhl;br; Nrhlh jahhpf;fg; gad;gLfpwJ. nuhl;br; Nrhlh vd;gJ rikay; NrhlhTk;> 

lhh;lhhpf; mkpyKk;> Nrh;e;j fyitahFk;.  
 

2. ,J Nrhlh – mkpy jPaizg;ghd;fspy; gad;gLfpwJ.  
 

3. Nff; kw;Wk; nuhl;bfis nkd;ikahf khw;WfpwJ.  
 

4. ,J mkpy ePf;fpapy; cs;s xU gFjpg;nghUs; ,e;jf; fiury; fhuj;jd;ik ngw;wpUg;gjhy; 
tapw;wpYs;s mjpfg;gbahd mkpyj;ij eLepiyahf;FfpwJ.  

 
ryitj; J}s; - fhy;rpak; Mf;]pFNshiuL (CaOCl2)  
 

1. fpUkp ehrpdpahfg; gad;gLfpwJ.  
2. gUj;jp kw;Wk; ypdd; Jzpfis ntSf;fg; gad;gLfpwJ.  

ghhp]; rhe;J – fhy;rpak; ry;Ngl; n`kpi`l;Nul; (CaSo4. 
1

2
 H2O)  

1. Kwpe;j vYk;Gfis xl;l itg;gjw;Fg; gad;gLfpwJ.  
2. rpiyfSf;fhd thh;g;Gfisr; nra;ag; gad;gLfpwJ.  
 
epidtpy; nfhs;f.  
• ePhpy; fiuAk; nghOJ H+ madpfisNah>H3O+madpfisNah jUk; nghUs;fis 

mkpyq;fs; vd;fpNwhk;.  
 

• ePhpy; fiue;J OH-madpfisj; jUgit fhuq;fs; vdg;gLfpd;wd. 
 

• mkpyq;fSf;Fk;> fhuq;fSf;FkpilNa epfOk; eLepiyahf;Fk; tpidapd; %yk; 
fpilf;Fk; tpisnghUs;fNs cg;GfshFk;.  

• ekJ md;whl tho;f;ifapYk;> njhopw;rhiyfspYk; cg;G gy;NtW tpjq;fspy; 
gad;gLfpwJ.  
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• mkpyq;fs; kw;Wk; fhuq;fs; ePhpy; fiue;J madpfisj; je;J kpd;rhuj;ijf; flj;Jk;.  
 

• mkpyq;fs; cNyhfq;fSld; tpidGhpe;J mtw;wpd; cg;igAk;> ePiuAk; jUfpd;wd.  
 

• xU fiury; mkpykhf> fhukh vd mwptjw;F epwq;fhl;bfshd gpdhg;jyPd; kw;Wk; 
nkj;jpy; MuQ;R gad;gLj;jg;gLfpd;wd. ypl;k]; jhSk; gad;gLj;jg;gLfpwJ.  

 

• nfhLf;fg;gl;Ls;s fiury; mkpyj;jd;ik tha;e;jjh? my;yJ fhuj;jd;ik tha;e;jjh? 
vdf; fz;lwpa pH jhs; gad;gLj;jg;gLfpwJ.  

 

• ,uh[ jpuhtfk; vd;gJ %d;W gq;F i`l;Nuh FNshhpf; mkpyKk;. xU gq;F iel;hpf; 
mkpyKk; fye;j fyitahFk;.  

 

• pH mstPL fiurypy; cs;s i`l;u[d; madpfspd; nrwptpidf; fz;Lgpbf;fg; 
gad;gLfpwJ.  
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9thmwptpay;  
myF 15  

fhh;gDk; mtw;wpd; Nrh;kq;fSk;  
 

mwpKfk;:  
 
fhh;gd; Kf;fpakhd mNyhfj;jdpkq;fSs; xd;whFk;. ,yj;jPd; nkhopapy; 
epyf;fhpvdnghUs;gLk; fhh;NghvDk; thh;j;ijapypUe;JMz;ldpytha;rpah; ,jw;Ffhh;gd; 
vd;Wngahpl;lhh;. Vnddpy;>fhh;gd;jhd; epyf;fhpapd; Kf;fpagFjpg; nghUshFk;. epyf;fhpahdJ> 
xu kpfKf;fpaGijgbtvhpnghUshFk;. ,J mjpffhyk; G+kpapy; GijAz;Ljhtuq;fs; kw;Wk; 
tpyq;Ffspd; rpijtpd; %yk; Njhd;wpavhpnghUshFk;. ,jpypUe;Jmidj;Jtho;tikg;GfSk; 
fhh;gidf; nfhz;Ls;sdvd;gJnjspthfpwJ. G+kpapd; NkyLf;fhdJ0.032%kl;LNKfhh;gdhy; 
MdJ (mjhtJxUkpy;ypad; vilapy; 320 ghfk;). ,it fhh;gdpd; fdpkr; 
Nrh;kq;fshfpafhh;gNdl;Lfs;>fhpkw;Wk; ngl;Nuhypag; nghUl;fshy; Mdit. tsp kz;lyj;jpy; 
0.03%fhh;gd; kl;LNkfhzg;gLfpwJ. (xUkpypad; vilapy; 300 ghfk;). fhh;gd; ,aw;ifapy; 
kpfr; rpwpamstpy; kl;LNkfhzg;gl;lhYk;>fhh;gd; Nrh;kq;fs; ek; md;whltho;tpy; kpfKf;fpa 
,lj;ijtfpf;fpd;wd.  
 
ekJjirfs;> vYk;Gfs;> cs; cWg;Gfs;> ,uj;jk; kw;Wk; gpwcly;$WfspYk; fhh;gd; 
fhzg;gLfpwJ. md;whltho;tpy; ehk; gad;gLj;Jk; mNefnghUl;fs; fhh;gd; Nrh;kq;fshy; 
MditNa>fhh;gd; ,y;yhky; jhtuq;fs;>tpyq;Ffs; kw;Wk; kdpjcaph;fSk; $l cyfpy; 
,Ug;gJkpff; fbdk;. vdNt>fhpkNtjpapayhdJ>caphpNtjpapay; vd;Wk; miof;fg;gLfpwJ. 
,g;ghlj;jpy;>fhh;gdpd; rpwg;gk;rq;fs;>mtw;wpd; gz;Gfs; gw;wpAk; fhh;gd; rq;fpypj; 
njhluhf;fj;jpdhyhdnefpopfisg; gw;wpAk; fhz;Nghk;.  
 
fhh;gdpd; fz;Lgpbg;Grpyiky;fy;fs;:  
 
gz;ilafhyj;jpypUe;Njfhh;gdhdJ>rhk;gy;>fhp>kuf;fhp>fpuh/igl; (ngd;rpy; fhpahf) kw;Wk; 
itukhfmwpag;gl;Lte;Js;sJ. Mdhy;> ,it midj;Jk; xNujdpkj;jpd; NtWgl;ltbtq;fs; 
vdgz;ilaehfhPfkf;fs; mwpe;jpUf;ftpy;iy.  
 
772 ,y;>gpuhd;Rehl;bd; mwptpay; mwpQh; Mz;ldpytha;rpah;>kw;wNtjpapay; mwpQh;fSld; 
Nrh;e;J>gzk; Nrfhpj;J>xUituj;ijthq;fpmijxU %bafz;zhbf; FLitapy; itj;jhh;. 
mjd; kPJmth;fs; xUkpfg;nghpa ,uhl;rjcUg;ngUf;fpf; fz;zhb %yk; #hpa 
xspiatpOk;gbnra;jdh;. mt;thWnra;Ak; NghJituk; vhpe;Jfhzhky;  NghdJ. 
me;jfz;zhbf; FLitapd; nkhj;jepiwkhwhjijAk;>vhpAk;NghJituk; fz;zhbf; 
FLitapYs;sMf;]p[Dld; Nrh;e;Jfhh;gd; il Mf;i]lhfkhwpaijAk; ftdpj;jhh;. mjd; 
%yk; fhpkw;Wk; ituk; Mfpa ,uz;Lk; fhh;gd; vDk; xNujdpkj;jhy; 
Mditvd;wKbTf;Fte;jhh;.  
 
779 Mk; Mz;L>RtPld; ehl;Lmwptpay; mwpQh; fhh;y; ~PNyvd;gth;>fpuh/igl; vdg;gLk; 
ngd;rpy; fhpAk;>vhpAk;NghJ>fhh;gd; il Mf;i]il cUthf;FfpwJ. vdNt> ,JTk; fhh;gdpd; 
kw;nwhUtbtk; vdf; fhz;gpj;jhh;. 976 ,y; Mq;fpyNtjpapayhsh; ];kpj;]d; nld;dd;l; 
vd;gth; itukhdJvhpe;Jfhh;gd; mil Mf;i]il kl;LNkcUthf;fpajhy; ituKk; 
fhh;gd;jhd;>mJfhh;gdpd; Nrh;kk; ,y;iyvdf; $wpdhh;. NkYk;>fhpkw;Wk; ituk; Mfpa 
,uz;ilAk; rkvilasTvLj;J>mtw;iwvhpf;Fk;NghJ>xNumsthdfhh;gd; il 
Mf;i]ilNamitcUthf;Ffpd;wdvdep&gpj;jhh;.  
 
1855 ,y; Mq;fpyNtjpapayhsh; ngQ;Rkpd; gpuhbvd;gth;> J}a 
fpuh/igl;ilfhh;gdpypUe;JcUthf;fp>fpuh/igl;lhdJfhh;gdpd; xUtbtk; vdep&gpj;jhh;. 
mijj; njhlh;e;J>mNefKiwfpuh/igl;ilitukhf;Fk; Kaw;rpNkw;nfhs;sg;gl;lJ. 
Mdhy;>mJNjhy;tpapy; Kbtile;jJ.  
 
1955 ,y; mnkhpf;fhtpd; “n[duy; vyf;l;hpf;”vd;wepWtdj;jpd; mwptpay; Muha;r;rpahsh; 
/g;uhd;rp]; gz;bkw;Wk; mtuJcld; Muha;r;rpahsh;fs; ,ize;J>mjpfntg;gepiykw;Wk; 
mOj;jj;jpy;>fpuh/gl;ilitukhfkhw;wKbAk; vd;gijep&gpj;jdh;.  
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1985 ,y;> ,uhgh;l; fhh;y;> `hh;hpf;NuhNlhkw;Wk; hpr;rh;l; ];khypvd;gth;fs; fhy;ge;Jtbtpy; 
fhh;gd; mZf;fshy; mikag;ngw;w /Gy;yhPd; vd;wmiof;fg;glf; $bafhpkg; ge;ijf; 
fz;Lgpbj;jdh;. fpuh/gPdpy; fhh;gd; mZf;fs; mWq;Nfhztbtpy; xNuthpirapy; 
mLf;fg;gl;bUf;Fk;. fpuh/gPdpd; fz;Lgpbg;GNfh];l;ahnehNthkw;Wk; mz;l;Nuh n[a;k; 
MfpNahh;fshy; 2004 Mk; Mz;Lmwptpf;fg;gl;lJ. ,th;fs; xl;Lk; fhfpjj;ij(Adhesive taps) 
cgNahfpj;Jfpuh/igl;bypUe;JxUthpirmZf;fisg; gphpj;njLj;Jfpuh/gPidj; jahhpj;jdh;. 
,tw;iwxd;wpd; kPJxd;whfmLf;Fk;NghJ>fpuh/igl; cUthfpd;wJ. fpuh/gPd; 
vd;gJ>xUmZmstpyhdjbkidkl;Lk; nfhz;lJ.  
 
fhh;gdpd; Nrh;kq;fs; - tifg;ghL:  
 
fhh;gdhdJ ,aw;ifapy; jdpj;Njhmy;yJNrh;kq;fshfNthfhzg;gLfpd;wJ. 
tuyhw;Wf;FKw;gl;l>gz;ilafhyj;Jkf;fs; fhpkg; nghUs;fisvhpj;Jfhpiacz;lhf;fpdh;. 
mth;fs; capUs;skw;Wk; capuw;wnghUs;fisg; gad;gLj;jp>fhh;gd; 
Nrh;kq;fiscz;Lgz;zpdh;. MfNt> 19 Mk; E}w;whz;bd; Muk;gj;jpy; ngh;~;ypa]; vd;gth; 
fhh;gdpd; Nrh;kq;fis %yg; nghUs;fismbg;gilahff; 
nfhz;LfPo;f;fz;lthWtifg;gLj;jpdhh;.  
 
fhpkfhh;gd; Nrh;kq;fs;: ,it jhtuq;fs; kw;Wk; tpyq;Ffs; Nghd;wcaphpfsplkpUe;Jngwg;gLk; 
fhh;gdpd; Nrh;kq;fs; MFk;. v.fh. vj;jdhy;>nry;YNyh];> ];lhh;r;.  
 
fhpkfhh;gd; Nrh;kq;fs;: ,it capuw;wnghUs;fsplkpUe;Jngwg;gLk; fhh;gdpd; Nrh;kq;fs; MFk;. 
v.fh; fhy;rpak; fhh;gNdl;>fhh;gd; Nkhdhf;i]L>fhh;gd; il Mf;i]L.  
 
fhpkfhh;gd; Nrh;kq;fs;:  
 
,yl;rf;fzf;fhd fhpkfhh;gd; Nrh;kq;fs; ,aw;ifapy; fhzg;gLfpd;wd. mit 
nraw;ifKiwapYk; jahhpf;fg;gLfpd;wd. fhpkfhh;gd; Nrh;kq;fshdit> 
i`l;u[d;>Mf;]p[d;>iel;u[d; kw;Wk; fe;jfj;Jld; ,ize;jfhh;gidf; nfhz;Ls;sd. 
vdNt>fhh;gDld; ,ize;Js;sjdpkq;fspd; jd;ikkw;Wk; mit ,ize;Js;stpjk; 
Mfpatw;iwmbg;gilahff; nfhz;L>gy;NtWfhpkfhh;gd; Nrh;kq;fs; cs;sd. 
mit>i`l;Nuhfhh;gd;fs;>My;f`hy;fs;>My;bifLfs;>fPl;Nlhd;fs;>fhh;ghf;]pypf; mkpyq;fs; 
kw;Wk; mkpNdhmkpyq;fs; KjypadMFk;. ,tw;iwf; Fwpj;J ,d;Dk; tphpthfePq;fs; cah; 
tFg;Gfspy; gbg;gPh;fs;.  
 
fdpk fhh;gd; Nrh;kq;fs;:  
 
fhpkr; Nrh;kq;fisg; ghh;f;Fk; NghJ fdpkr; Nrh;kq;fs; kpfTk; Fiwe;j msNt cs;sd. 
mtw;Ws; Mf;i]Lfs;> fhh;igLfs;>ry;igLfs;> raidLfs;> fhh;gNdl;Lfs; kw;Wk; 
igfhh;gNdl;Lfs; Mfpait Kf;fpakhd gphpTfshFk;. ,r;Nrh;kq;fspd; cUthf;fk;> gz;Gfs; 
kw;Wk; gad;fs; nfhLf;fg;gl;Ls;sd.  
 

fhpkfhh;gd; Nrh;kq;fs;: 
 
Nrh;kq;fs;  cUthf;fk; gz;Gfs;0 gad;fs; 
fhh;gd; 
Nkhdhf;i
rL(CO) 

fhw;wpy; ,aw;ifahf 
fhzg;gLk; gFjpg; 
nghUs; my;y. 
vhpnghUl;fs; 
KOtJkhf vhpahjjhy; 
tspkz;lyj;jpy; 
Nrh;f;fg;gLfpd;wJ. 

epwkw;wJ. kzkw;wJ. mjpf 
er;Rj;jd;ik cilaJ. ePhpy; 
gFjpasT fiuAk;. 

ePh; thAtpd; 
Kf;fpa 
gFjpg;nghUs; 
kw;Wk; xLf;Fk; 
fhuzp 

fhh;gd; 
il 
Mf;i]L 
(CO2) 

,aw;ifapy; jdpj;j 
kw;Wk; ,ize;j 
epiyapy; cs;sJ. 
,ize;j epiyapy; 

epwkw;wJ. kzkw;wJ. 
Ritaw;wJ. epiyahdJ. 
ePhpy; mjpf msTfiuaf; 
$baJ. xspr; Nrh;f;ifapy; 

jPaizg;ghd;> 
goq;fisg; 
ghJfhj;jy;> 
nuhl;bjahhpj;jy;
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Rz;zhk;Gf;fy; kw;Wk; 
Nkf;dirl; 
Mfpatw;wpy; 
fhzg;gLfpd;wJ. 
fhh;gd; my;yJ fy; 
fhpahdJ KOtJkhf 
vhptjhy; cUthfpwJ.  

<LgLfpwJ.  > A+hpah> 
fhh;gNdl; ePh;> 
iel;u[d; 
cuq;fs; kw;Wk; 
Fsph;rhjdg; 
ngl;bapy; cyh; 
gdpf;fl;bahf 

fhy;rpak; 
fhh;igL(C
aC2) 

fhy;rpak; 
Mf;irL(CaO)kw;Wk; 
fy;fhpiantg;gg;gLj;Jk; 
NghJcUthfpwJ.  

rhk;gy; 
fye;jfUg;Gepwjpz;kk; 

fpuhigl; 
i`l;u[d; 
jahhpj;jy;>kw;W
k; nty;bq; 
njhopypy; 
gad;gLk; 
mrpl;byPd; 
thAjahhpj;jy; 

fhh;gd; 
ilry;ig
L(CS2) 

Neubahffhh;gd; kw;Wk; 
fe;jfj;jpypUe;Jjahhpf;
fg;gLfpd;wJ.  

epwkw;wJjPg;gw;wf;$baJmjpf
er;Rj;jd;ikcilaJ.  

fe;jffiug;ghd;>
Nuahd; 
jahhpj;jy;>kw;W
k; G+Q;irf; 
nfhy;yp>G+r;rpf; 
nfhy;yp 

fhy;rpak; 
fhh;gNdl; 
(CaCO3) 

fhh;gd; il 
Mf;irL(CO2)thAiteP
h;j;jRz;zhk;Gf; 
fiurypy; nrYj;Jk; 
NghJjahhpf;fg;gLfpwJ.  

gbftbtKilajpz;kk;>ePhpy; 
fiutjpy;iy. 

mkpyePf;fp 

Nrhbak; 
igfhh;gN
dl; 
(NaHCO3) 

Nrhbak; 
i`l;uhf;irL(NaOH)k
w;Wk; fhh;gdpf; 
mkpyj;Jld; 
Nrh;e;JcUthfpd;wJ.  

ntz;zpwgbftbtKilajp
z;kk;. ePhpy; 
gFjpasTfiuaf; $baJ.  

Nrhbak; 
fhh;gNdl; 
jahhpj;jy;. 
rikay; 
Nrhlhkw;Wk; 
mkpyePf;fp 

 
fhh;gdpd; rpwg;gpay;Gfs;:  
 
,Jtiu 50 ,yl;rj;jpw;Fk; Nkyhdfhh;gd; Nrh;kq;fs; fz;lwpag;gl;Ls;sd. mNef GJ fhh;gd; 
Nrh;kq;fs; mD jpdKk; fz;Lgpbf;fg;gLfpd;wd my;yJ jahhpf;fg;gLfpd;wd. fhh;gd; Fiwe;j 
msNt ,aw;ifapy; fhzg;gl;lhYk;. fhh;gd; Nrh;kq;fspd; vz;zpf;ifahdJ> ,aw;ifapy; 
cs;s kw;wjdpkq;fSila Nrh;kq;fspd; vz;zpf;ifia tpl mjpfkhf cs;sJ. Vd; ,e;j 
jdpj;jd;ik kw;wjdpkq;fspy; ,y;yhky; fhh;gdpy; kl;Lk; fhzg;gLfpwJ? Vnddpy;> 
fhh;gdhdJ>rpy rpwg;gpay;Gfisf; nfhz;Ls;sJ.  
 
rq;fpypj; njhluhf;fk;:  
 
rq;fpypj; njhluhf;fk; vd;gJ xU jdpkk; mNj jdpkj;JlNdh my;yJ kw;w jdpkq;fSlNdh 
ehd;Kf ,izjpwd; %yk; ,ize;J jpwe;j rq;fpypr; Nrh;kq;fisNah my;yJ %ba rq;fpypr; 
Nrh;kq;fisNah cUthf;FtjhFk;. rq;fpypj; njhluhf;fk; %yk; kpf ePz;l rq;fpypfis 
cila Nrh;kq;fis cUthf;ff;$ba xU Kf;fpakhd jdpkf; fhh;gdhFk;. fhh;gd; mZf;fs; 
mtw;Wld; kPz;Lk; kPz;Lk; rfg;gpizg;gpd; %ykhf ,ize;J ePz;lrq;fpyp> fpisr; rq;fpyp 
kw;Wk; tisar; rq;fpypfis cUthf;Ffpd;wd.  
 
  
fhh;gdpd; ,e;jrq;fpypj; njhluhf;fg; gz;Gjhd; cyfpy; ,t;tsT fhh;gd; Nrh;kq;fs; cUthff; 
fhuzkhf cs;sJ. vdNt> fhpkNtjpapay; vd;gJ rq;fpypj; njhluhf;fj;jpd; %yk; 
gpizf;fg;gl;l fhh;gd; Nrh;kq;fisg; gw;wpajhFk;.  
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vLj;Jf;fhl;lhf> rh;f;fiuAk; nry;YNy]{k; E}w;Wf; fzf;fhd fhh;gd; mZf;fshy; Md 
rq;fpypfisf; nfhz;Ls;sd. ehk; md;whlk; mjpfk; gad;gLj;Jk; nefpopAk; $l rq;fpypg; 
gpizg;igf; nfhz;lfhh;gdpd; nghpa %yf;$whFk;.  
 
ehd;Kfg; gpizg;G:  
fhh;gdpd; kw;nwhU Kf;fpakhdjd;ikehd;Kf ,izjpwd; MFk;. fhh;gdpd; vyf;l;uhd; mikg;G 
2> 4 (,jd; mZvz; 6) MFk;. ,jd; ntspf;$l;by; ehd;Fvyf;l;uhd;fs; fhzg;gLfpd;wd. 
vz;k tpjpapd;gb fhh;gd; jd; mUfpYs;s ke;jthAthd epahdpd; vyf;l;uhd; mikg;ig 
miltjw;Fehd;Fvyf;l;uhd;fs; mjw;Ff; Njit. vdNt> vz; kepiyiamiltjw;fhf>fhh;gd; 
jd;Dila ehd;F vyf;l;uhd;fSld; gfph;e;J nfhs;Sk; jd;ik cilaJ. ,JNt> ehd;Kfg; 
gpizg;Gvd miof;fg;gLfpwJ. vdNt> fhh;gd; kw;wjdpkq;fSld; ehd;F rfg;gpizg;Gfis 
cz;lhf;Ffpd;wJ.  
 
vLj;Jf;fhl;lhf> kPj;Njdpy;> fhh;gdhdJ ehd;F i`l;u[d; mZf;fSld; ,ize;J ehd;F 
rfg;gpizg;Gfis cUthf;Fk;. vdNt> ehd;Kf gpizg;igf; nfhz;Ls;sJ.  

 
 
gd;Kf ,izg;G:  
 
ehk; Vw;fdNt ghh;j;jgb ehd;F ,izjpwd; nfhz;lfhh;gd; mZthdJ ehd;F 
rfg;gpizg;Gfis cUthf;fKbAk;. ,e;j ehd;Kf ,izjpwd; jd;ikapd; fhuzkhf> 
fhh;gdhdJ gpwfhh;gd; my;yJ gpw jdpkq;fNshL xw;iwg;gpizg;G> ,ul;ilg; gpizg;Gkw;Wk; 
Kg;gpizg;G %yk; ,izaKbAk;. ehk; Vw;fdNt mwpe;Js;s gb xUNrh;kj;jpYs;s gpizg;G 
jhd; me;jNrh;kj;jpd; ,aw;gpay; kw;Wk; Ntjpapay; gz;ig eph;zapg;gjpy; Kf;fpag; 
gq;Ftfpf;fpwJ. vdNt> fhh;gdpd; ,e;j gd;Kf ,izg;Gj;jpwNd gy;NtW tifahd fhh;gd; 
Nrh;kq;fs; cUthff; fhuzkhfpwJ. mg;gbg;gl;l xU tifahfpa>i`l;Nuhfhh;gidg; gw;wpAk;. 
mtw;wpYs;s gpizg;Gfisg; gw;wpAk; $wg;gl;Ls;sJ.  
 
i`l;Nuhfhh;gd;:  
 

gpizg;gpd; tif cjhuzk; Nrh;kj;jpd; gphpT 
xw;iwg; gpizg;G 

 
kPj;Njd;  

My;Nfd;  

,ul;ilg; gpizg;G 

 
<j;jPd;  

My;fPd;  

Kg;gpizg;G 
 

<j;ijd;  

My;ifd; 

 
 
 
i`l;Nuhfhh;gdpYs;s xU i`l;u[Ndh my;yJ xd;Wf;Fk; Nkw;gl;l i`l;u[d;fNshO, N, S 
kw;Wk; cg;gPdpfshy; ,lkhw;wk; nra;ag;gLk;NghJ ntt;NtW nray;ghl;Lj; njhFjpfisf; 
nfhz;lgy;NtW Nrh;kq;fs; cz;lhfpd;wd. mitfisf; Fwpj;Jcah; tFg;Gfspy; ePq;fs; 
gbg;gPh;fs;.  
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khw;wpak; (Isomerism): 
 
fhh;gd; Nrh;kq;fspy;> Fwpg;ghf rq;fpypj; njhluhf;fj;jpd; %yk; cUthdfhh;gd; Nrh;kq;fspy; 
fhzg;gLk; NkYk; xUrpwg;Gj; jd;ik khw;wpak; vdf; $wyhk;. C2H6O vd;w %yf;$W 
tha;g;ghL nfhz;lfhh;gd; Nrh;kj;ij vLj;Jf;nfhs;Nthk;. ,e;j Nrh;kj;jpd; ngah; vd;d vd;W 
$wKbAkh? epr;rakhf KbahJ. Vnddpy;>xU fhpkr;Nrh;kj;jpd; %yf;$W tha;g;ghlhdJ me;j 
Nrh;kj;jpy; cs;s NtWgl;l mZf;fspd; vz;zpf;ifia kl;LNk Fwpf;fpwJ. me;j mZf;fs; 
vt;thW njhFf;fg;gl;Ls;sd vd;Nwh> mjd; %yk; mtw;wpd; %yf;$W mikg;G vt;thW 
mike;Js;sJ vd;Nwh $Wtjpy;iy. mtw;wpd; %yf;$W mikg;G gw;wp njhpahky; ehk; 
mtw;wpw;Fg; ngahplKbahJ.  
 
xU %yf;$W tha;g;ghlhdJ xd;Wf;Fk; Nkw;gl;l mZ mikg;Gf;F (fl;likg;G) top 
tFf;Fk;. mg;gbg;gl;l Nrh;kq;fs; mtw;wpd; ,aw;gpay; kw;Wk; Ntjpapay; gz;Gfspy; 
NtWgl;bUf;Fk;. xNu %yf;$W tha;ghl;ilAk;> NtWgl;l fl;likg;igak; xUfhpkr; 
Nrh;kkhdJ nfhz;bUf;Fk; NghJ me;j epfo;tpd; jd;ik khw;wpak; vd miof;fg;gLfpwJ. 
mj;jifa fhpkr; Nrh;kq;fs; khw;wpaq;fs; vdmiof;fg;gLfpd;wd (fpNuf;fnkhopapy; iso–

rkk;>meros–gFjpfs;).  
 
tpsf;fk;:  
 
C2H6O  vd;w %yf;$W tha;g;ghlhdJ. fPNo nfhLf;fg;gl;Ls;s ,uz;Ltpj mZ mikg;G 
my;yJ fl;likg;Gfisf; nfhz;Ls;sJ.  

1. CH3 – O – CH3  2. CH3 – CH2 – OH  
 
NkNy cs;s fhpkr;Nrh;kq;fs; ,uz;bw;Fk; xNu %yf;$W tha;g;ghLk;> NtWgl;l 
fl;likg;Gk; cs;sJ. ,tw;wpy;>Nrh;kk; ‘m’tpy; xUMf;]p[d; mZthdJ ,U fhh;gd; 
mZf;fNshL ,ize;Js;sJ. ,J xU“<jh;”MFk;. Nrh;kk; ‘M’tpy; xU Mf;]p[d; 
mZthdJ xU fhh;gd; kw;Wk; xU i`l;u[d; mZTld; ,ize;Js;sJ. ,J 
xUMy;f`hy; MFk;. ,r;Nrh;kq;fs;> NtWgl;l ,aw;gpay; kw;Wk; Ntjpapay; gz;Gfisg; 
ngw;Ws;sd. khw;wpak; Fwpj;JePq;fs; Nky; tFg;gpy; ,d;Dk; tphpthfg; gpbg;gPh;fs;.  
 
GwNtw;Wik tbtj;Jtk;:  
 
xNu jdpkj;jdp; xd;Wf;FNkw;gl;ltbtq;fs; mtw;wpd;> ,aw;gpay; gz;Gfspy; 
NtWgl;Lk;>Ntjpapay; gz;Gfspy; xd;Wgl;Lk; ,Uf;Fk; jd;ikNa GwNtw;Wik tbtj;Jtk; 
MFk;. ,e;jNtWgl;ltbtq;fs; GwNtw;Wiktbtq;fs; vdg;gLfpd;wd. jdpkq;fs; 
GwNtw;Wiktbtq;fisf; nfhz;bUg;gjw;fhd Kf;fpaf; fhuzk; mtw;wpd; Njhw;wk; 
my;yJjahhpf;Fk; KiwahFk;. fhh;gdhdJ> khWgl;lGwNtw;Wiktbtq;fisf; 
nfhz;Ls;sJ. mtw;wpd; ,aw;gpay; gz;Gfisf; 
nfhz;Lmtw;iwfPo;fz;lthWtifg;gLj;jyhk;.  
 
 
 
 
gbf tbtKila fhh;gd;fs;  
ituk;:  

• ituj;jpy; xt;nthU fhh;gd; mZTk; mtw;wpd; ,izjpwd; vyf;l;uhd;fs; %yk; 
ehd;Ffhh;gd; mZf;fSld; ,ize;J ehd;F rfg;gpizg;Gfis cUthf;Ffpd;wd.  
 

• ,q;F mZf;fs; ahTk; ehd;Kfg; gpizg;gpy; kPz;Lk; kPz;Lk; mLf;fg;gl;Ls;sd. 
,jdhy;> ,J xUKg;ghpkhzmikg;igf; nfhLf;fpd;wJ. ,JNt ,jd; fbdj; 
jd;ikkw;Wk; jplj; jd;ikf;Ff; fhuzkhFk;.  
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ngd;rpy; fhp (fpuh/igl;):  
 

• fpuh/igl;by; xt;nthUfhh;gd; mZTk; kw;w %d;Wfhh;gd; mZf;fSld; 
xNujsj;jpy; rfg;gpizg;gpy; gpize;Js;sJ.  
 

• ,e;j mikg;G mWq;Nfhz mLf;if cUthf;FfpwJ. ,e;jmLf;Ffs; xd;Nwhnlhd;W 
typikFiwe;jthz;lh; thy;]; tpir %yk; gpizf;fg;gl;Ls;sd.  

 
• ,e;j mLf;Ffs; typik Fiwe;jtpir %yk; ,izf;fg;gl;Ls;sjhy; ,it 

ituj;ij tplnkd;ikahdit.  
 

ituk; kw;Wk; fpuhigl;Lf;F ,ilNaAs;sNtWghLfs; 
 

ituk;  fpuh/igl;  
xt;nthUfhh;gDk; 
ehd;Frfg;gpizg;Gfisf; 
nfhz;Ls;sJ.  

xt;nthUfhh;gDk; %d;Wrfg;gpizg;Gfisf; 
nfhz;Ls;sJ. 

fbdkhdJ>mlh;j;jpahdJ>xspG
Fk; jd;ikcilaJ.  

kpUJthdJ>njhLtjw;Ftotog;ghdJ>xspGfhj;jd;ikci
laJ.  

ehd;KfpmyFfs; 
Kg;ghpkhzmikg;gpy; 
,izf;fg;gl;Ls;sd.  

mWq;NfhzmyFfs; jsmLf;Ffspy; mike;Js;sd.  

,J ntg;gk; kw;Wk; 
kpd;rhuj;ijf; flj;jhJ.  

,J ntg;gk; kw;Wk; kpd;rhuj;ijf; flj;jhJ.  

 
/Gy;yhPd; :  
 

• %d;whtJ gbfGw Ntw;Wiktbtk; /Gy;yhPd; MFk;. kpfTk; ed;whfmwpag;gl;l /Gy;yhpd; 
tbtk;>gf;kpd;];lh; /Gy;yhPd; MFk;. ,jpy; 60 fhh;gd; mZf;fs; xd;wpize;J 5 kw;Wk; 6 
cWg;Gf;fisf; nfhz;lxUNfhs tbt fhy;ghe;J Nghd;wmikg;igcUthf;Fk;. vdNt> 
,jd; %yf;$W tha;g;ghLC60MFk;.  

 
• mnkhpf;ffl;lltbtikg;ghsh; gf;kpd;];lh; /Gy;yh; vd;gthpd; epidthfgf;kpd;];lh; 

/Gy;yhPd; vd;W ,J miof;fg;gLfpwJ. Vndd;why; ,jd; 
mikg;Ggd;dhl;Lfz;fhl;rpfSf;fhf /Gy;yh; vd;gth; tbtikj;jFtpe;jkhlk; Nghd;wFkpo; 
fl;llq;fspd; fl;likg;igxj;Js;sJ. ,J gf;fpge;Jvd;Wk; miof;fg;gLfpwJ. kpfg; nghpa 
/Gy;yhPd; FLk;gq;fs; gycs;sd. mitC20kw;Wk; C540tiufhzg;gLfpd;wd.  

 
• gbftbtkw;wfhh;gd;fs;  

,t;tif fhh;gd;fspy; fhh;gd; mZf;fs; mq;F kpq;Fkhfmikf;fg;gl;bUf;Fk;. 
,t;tifr; Nrh;kq;fs; tpwfhdJ fhw;wpy;yhky; vhpf;fg;gLk; NghJfpilf;fpd;wd.  

 
fhh;gd; kw;Wk; mjd; Nrh;kq;fspd; ,aw;gpay; gz;Gfs;:  

 
• fhh;gd; xUmNyhfk; MFk;. ,J nkd;ikahd J}s; Kjy; fbdkhdjpz;kk; 

tiugyGwNtw;Wiktbtq;fisf; nfhz;Ls;sJ.  
 

• fhh;gdpd; midj;JGwNtw;Wiktbtq;fSk; jpz;kq;fshFk;. mNjNtisapy; mtw;wpd; 
Nrh;kq;fs; jpz;kk;>jputk; kw;Wk; thAepiyapy; fhzg;gLfpd;wd.  

 
• gbftbtkw;wfhh;gd;fs; kw;Wk; fpuh/igl; MfpaitVwf;FiwafUg;ghfTk;. XspCLUtha; 

nghUs;fshfTk; ,Uf;fpd;wd. ituk; gsgsg;ghfTk;>xspCLUTk; jd;ikcs;sjhfTk; 
fhzg;gLfpd;wJ.  
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• gbftbtq;fistplgbftbtkw;witFiwe;jcUFepiykw;Wk; nfhjpepiyiaf; nfhz;ljhf 
,Uf;fpd;wd.  

 
• fhh;gd;>ePh; kw;Wk; gpwfiug;ghd;fspy; fiuahJ. Mdhy;>mtw;wpd; rpyNrh;kq;fs; ePHkw;Wk; 

gpwfiug;ghd;fspYk; fiuaf; $bait. cjhuzkhf>vj;jdhy; kw;Wk; fhh;gd; il 
Mf;i]L MfpaitePhpy; fiuAk; jd;ikAilait.  

 
fhh;gd; kw;Wk; mjd; Nrh;kq;fspd; Ntjpg; gz;Gfs;:  
 
jdpkepiyapYs;sfhh;gd; nghJthfmiwntg;gepiyapy; ve;jNtjptpidapYk; 
<LgLtjpy;iy. cah; ntg;gepiyapy; rpytpidfspy; mit<LgLfpd;wd. Mdhy; ,tw;wpd; 
Nrh;kq;fs; miwntg;gepiyapy; $l mjpfsTNtjptpidfspy; <LgLfpd;wd.  
 
Mf;]p[Ndw;wk; (Mf;]p[NdhLtpidGhpjy;) 
 
cah; ntg;gepiyapy; fhh;gdhdJMf;]p[NdhLtpidGhpe;Jfhh;gd; Nkhdhf;i]L kw;Wk; 
fhh;gd; il Mf;i]L Nghd;wtw;iwntg;gj;Jld; cUthf;Ffpd;wJ. i`l;Nuhfhh;gd; 
Nghd;wfhpkfhh;gd; Nrh;kq;fSk; Mf;]p[Ndw;wk; mile;JMf;i]LfisAk; ePuhtpiaAk; 
cUthf;Ffpd;wd. mtw;NwhLntg;gKk; jPr;RlUk; ntspg;gLk;. ,jw;Fvhpjpy; 
vd;wkw;nwhUngaUk; cz;L.  
  2C(s) + O2(g)  → 2CO(g) + ntg;gk;  

C(s) + O2(g)  → CO2(g)ntg;gk;  
CH4(g) + 2O2(g)  → CO2(g) + 2H2O(g) + ntg;gk;  
 

ePuhtpAld; tpid:  
 
fhh;gd; ePuhtpAld; tpidGhpe;Jfhh;gd; Nkhdhf;i]ilAk; i`l;u[idAk; jUfpwJ. 
,e;jfyitf;FePh; thAvd;Wngah;.  
  C(s) + H2O(g)  → CO(g) + H2(g) 
 
fe;jfj;Jld; Ntjptpid:  
 
cah;ntg;gepiyapy; fe;jfj;Jld; ,ize;Jfhh;gd; ilry;/igilcUthf;FfpwJ.  

C(s) + S(g)  → CS2(g) 

 

cNyhfj;Jld; Ntjptpid:  
 
cah; ntg;gepiyapy; fhh;gd; rpycNyhfq;fSld; tpidGhpe;Jmtw;wpd; 
fhh;igLfiscUthf;FfpwJ.  
W(s)  +  C(g) → WC(s) 
lq;];ld;  fhh;gd; lq;];ld; fhh;igL 
 
md;whltho;tpy; fhh;gd; Nrh;kq;fs;:  
 
fhh;gd; Nrh;kq;fs; ,y;yhjmd;whltho;f;ifiaek;khy; epidj;Jf; $l ghh;f;f ,ayhJ. 
ekJtho;f;ifKiwiaKd;Ndw;wTk;. ekJtrjpf;fhfTk;>mjpfvz;zpf;ifapyhdfhh;gd; 
Nrh;kq;fs; cUthf;fg;gl;Ls;sd. ,tw;Ws; fhh;gd; rhh;e;jvhpnghUs;fs;>fhh;gdpd; 
ehNdhnghUs;fs;>nefpopfs;>fhh;gd; tbg;ghd; kw;Wk; fhh;gd; v/F Nghd;witmlq;Fk;.  
 
fhh;gd; kw;Wk; mtw;wpd; Nrh;kq;fs; etPdtho;f;iff;Fmtrpakhdjhf 
,Ue;jhYk;>CO,raidLkw;Wk; xUrpynefpop tiffs; Nghd;witkdpjh;fSf;FjPiktpistpf;ff; 
$baitahFk;. gpd;tUk; ghlg;gFjpapy;> ek; md;whltho;tpy; nefpopapd; gq;Fkw;Wk; 
rpynefpopfspy; fhzg;gLk; er;Rj;jd;iktha;e;jNtjpg;nghUl;fisg; gw;wpatpopg;Gzh;itehk; 
vg;gbmilaKbAk; vd;gJgw;wpfhzyhk;.  
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nefpopfs; - ePz;lrq;fpypj; njhluhf;fj;jpdhyhdfhh;gd; Nrh;kq;fs;:  
 
nefpopfsf; vd;git rq;fpypj; njhluhf;fj;jpdhyhd fhpkr; Nrh;kq;fspd; xU tif MFk;. 
,it gygb nurpd;fs; vdg;gLk; ePz;l neba rq;fpypj; njhluhyhd fhpkr; Nrh;kq;fSld; 
jq;fSf;nfd;W rpy NtWgl;l gz;Gfisj; jUk; rpy Ntjpr;Nrh;f;iffisr; (Additive)Nrh;j;J> 
cUthf;fg;gLfpd;wd. gytifg;gl;l gygb nurpd;fs; gytifahd nefpop jahhpg;gpy; 
gad;gLfpd;wd. nefpopfs; vq;Fk; epiwe;J fhzg;gLfpd;wd. mit gad;gLj;Jtjw;F 
Vw;wjhfTk;> kypthfTk; cs;sd> kw;Wk; ekJ md;whl tho;tpYk; gad;gLj;jg;gLfpd;wd. ehk; 
thOk; tho;f;ifia nefpopfs; khw;wpAs;sd. ekJ cly;eyk;> Nghf;Ftuj;J kw;Wk; 
czTg;ghJfhg;G Nghd;wtw;iw Nkk;gLj;j mit ekf;F cjTfpd;wd ifNgrp> fzpdp kw;Wk; 
,izak; Nghd;wtw;wpy; kpfg;nghpa khw;wq;fis nefpopfs; cUthf;fpAs;sd. nefpopfs; ekJ 
r%fj;jpw;F mNef ed;ikfis toq;fpAs;sd vd;gJ njspthf cs;sJ. Mdhy; ,e;j 
ed;ikfSld; Nrh;e;J xUrpy ghjpg;GfSk; Vw;gLfpd;wd.  

 
nefpopapd; Fiwfs;:  

 
• nefpopfs; ,aw;ifahfrpijtiltjw;FePz;lneLehs;fshFk;.  
• Nefpopfisrpijtilar; nra;Ak; ,aw;ifapYs;sEz;Zaph;fspd; vz;zpf;ifahdJ>ehk; 

cUthf;Fk; nefpopfspd; vz;zpf;ifiatplFiwT.  
• ehk; gad;gLj;Jk; nefpopfspy; gykWRow;rpnra;aKbahjit. NkYk; mite kJ 

Rw;Wg;Gwj;ijkhRgLj;Jfpd;wd.  
• rpynefpop tiffs; ekJcly; eyDf;FNfLtpistpf;Fk; Ntjpapay; Nrh;f;iffisf; 

nfhz;Ls;sd.  
 

• nefpopfisvhpg;gJ>ekJclYf;Fj; jPq;Ftpistpf;Fk; er;Rj; 
jd;ikAilathAf;fisntspNaw;WtNjhLgUtepiykhw;wq;fisAk; Vw;gLj;Jfpd;wJ.  

 

• xUKiwkl;LNkgad;gLj;jg;gl;L J}f;fpvwpag;gLk; nefpopfs; Fg;igfshfNrh;tJld; 
ekJRw;Wg;Gwj;ijAk; khRgLj;Jfpd;wd.  

 
ve;jtifnefpopfs; ekf;FjPq;Ftpistpg;gitvd;gijmwptjw;Fnefpopfspd; 
ufrpankhopahfpanurpd; FwpaPLfisg; gw;wpmwpe;Jnfhs;sNtz;Lk;.  
 
nefpopapd; tiffismwpjy;  
nurpd; FwpaPL 
fPo;f;fz;lglq;fiscw;WNehf;fTk;.  
 
,jpy; xd;WEfh;NthUf;Fghy; tpdpNahfk; nra;ag; gad;gLk; 
nefpopg;igkw;nwhd;Wnefpopahy; Md czTf;fyd;. mtw;wpy; fhl;lg;gl;Ls;sFwpaPl;ilf; 
ftdpf;fTk; (tl;lk;). ,e;jtl;lk; vjidf; Fwpf;fpwJvd;WnjhpAkh? ,J xUnurpd; 
FwpaPLMFk;. nurpd; FwpaPLvd;gJnefpopiacUthf;fg; gad;gLk; gygbkq;fisf; 
(polymer) Fwpf;fpwJ.  
 
nurpd; FwpaPLfspd; Njit:  
 
nefpopfs; kWRow;rpnra;ag;glNtz;Lk; my;yJghJfhg;ghfmfw;wg;glNtz;Lk; ehk; 
Rw;Wg;Gwj;ijkhRgLj;jhky; ,Ug;gjw;fhfTk;>cly; eyj;ijg; ghjpf;fhky; ,Ug;gjw;fhfTk; 
xUrpynefpopfspd; gad;ghl;ilj; jtph;f;fNtz;Lk;. xt;nthUnefpopAk; 
ntt;NtWgygbkq;fisNahmy;yJ %yf;$Wfspd; njhFg;igNahnfhz;Ls;sJ. 
kWRow;rpnra;ag;gLk; NghJ>xUrpynefpopfs; xd;Wld; xd;Wfyg;gjpy;iy. 
,J>fhfpjj;ijAk; fz;zhbiaAk; fyg;gijg; Nghd;wjhFk;. 
vdNt>mitgphpf;fg;glNtz;Lk;. 1988 Mk; Mz;LcUthf;fg;gl;l>nurpd; FwpaPLfs; 
ntt;NtWtifahdnefpopfistifg;gLj;Jtjw;fhdrPuhdtopKiwahFk;. ,J 
nefpopfistifg;gLj;Jtjpy;>kWRow;rpahsh;fSf;FcjTfpwJ.  
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nefpopg; nghUl;fspy; nurpd; FwpaPLfisf; fhZjy;:  
 
,ufrpakhdnurpd; FwpaLfs;>xd;iwnahd;Wnjhl;Lf; nfhz;bUf;Fk; %d;Wmk;Gf;Fwpfisf; 
nfhz;lxUKf;Nfhzk; %yk; fhz;gpf;fg;gl;Ls;sd. me;jKf;Nfhzj;jpd; eLtpy; xUvz; 
,Uf;fyhk; my;yJmjw;Ff; fPNovOj;Jf;fs; fhzg;glyhk; (nefpoptifapd; RUf;ff; 
FwpaPL). ,jidf; fhz;gJvd;gJfbdk;. nefpopg; nghUspd; kPJxl;lg;gl;Ls;sfhfpjj;jpd; 
kPNjhmy;yJmjd; mbg;gFjpapNyh ,jidf; fhzyhk;.  

 
nurpd; FwpaPLfs; 1 Kjy; 7 tiuapyhdvz;fshy; Fwpf;fg;gl;bUf;Fk;. 1 Kjy; 6 
tiuapyhdnurpd; FwpaPLfs; ehk; md;whlk; gad;gLj;Jk; nefpopg; 
nghUl;fismilahsg;gLj;Jfpd;wd. nurpd; FwpaPL 7 vd;gJ 1 Kjy; 6 tiuapyhdnurpd; 
FwpaPLfSf;Fs; tuhjnefpopapd; tifiaf; Fwpg;gjw;Fg; (1988 Kjy;) gad;gLj;jg;gLfpwJ. 
Nurpd; FwpaPLfs; kW Row;rpf;fhdrpd;dj;ijg; NghyNt ,Uf;Fk;. 
Mdhy;>midj;JtpjnefpopfisAk; kWRow;rpnra;ayhk; vd;gij ,J Fwpf;ftpy;iy.  
 
nurpd; FwpaPLfs; nefpopg; nghUs;fspd; kPJvq;Ffhz;gpf;fg;gl;bUf;Fk;?  
 

• nefpopg; nghUspd; mbapy; ,Uf;Fk; nurpd; FwpaPl;ilf; fhz;gjw;F> mjid 
rha;f;fTk;.  
 

• rpy Neuq;fspy;> mtw;wpd; mbg;gFjpapy; nefpoptifapd; RUf;ff; FwpaPLkl;LNkh 
my;yJ mjd; KOg;ngaUNkh fhzg;glyhk;.  
 

• Mbapy; fhzg;gltpy;iy nad;why; mjd; Nkw;Gwk; xl;lg;gl;Ls;s milahsr; rPl;bd; 
kPJghh;f;fTk;.  
 

• xU rpy nefpopfspy;> mf;FwpaPL ,Uf;fhJ. me;j epWtdkhdJ> tpjpKiwfisg; 
gpd;gw;wtpy;iy. mJ ghJfhg;ghdjh ,y;iyah vd;gJ cq;fSf;Fj; njhpahJ.  
 
nefpopfshy; Vw;gLk; jPikahd tpisTfs; 
 
ekJ fhuza;fSf;fhf jPq;fhditfshFk;. KjyhtJ fhuzd; vd;dntd;why;> xU 
nefpopfs; ekJ cly;eyj;jpw;Fj; jPq;F tpistpf;Fk; Ntjpg; nghUs;fisf; 
nfhz;Ls;sd. ,uz;lhtJ fhuzk; vd;dntd;why;> ngUk;ghyhd nefpopfs; xU 
xUKiw kl;LNk gad;gLj;jg;gLtjw;fhf cUthf;fg;gl;lit Mfk;. gad;gLj;jpa gpwF 
Jf;fp vwpag;glNtz;ba ,e;j nefpopfNs ekJ Rw;Wg;Gwj;jpy; mjpfsT khRg;ghl;il 
Vw;gLj;Jfpd;wd. 
 
m. jPq;F jUk; nefpopfs; 
 
 %d;W tifahd nefpopg; nghUs;fs; er;Rj;jd;ikAs;s kw;Wk; jPq;F jUk; 
Ntjpg;nghUs;fisf; nfhz;Ls;sd. nefpopg; nghUs;fSf;F tisTj;jd;ik> my;yJ 
neUg;G kw;Wk; GwCjhf; fjpu;fshy; ghjpf;fg;glhtz;zk; ,Ug;gjw;fhfNth ,e;j 
Ntjpg;nghUs;fs; Nru;f;fg;gLfpd;wd. ghJfhg;gw;w %d;W nefpopfshtd: PVC (nurpd; 
FwpapL )> PS (nurpd; FwpapL 6 nghJthf nju;khNfhy; vdg;gLk;) kw;Wk; PA /ABS 
(nurpd; FwpapL 7). 
 

PVC – ghyptpidy; FNshiuLnefpopfs;:  

• fdcNyhfq;fs; (fhl;kpak; kw;Wk; fhhPak;) PVC Ald; Nrh;f;g;gl;Ls;sd.  

• jhNyl;]; (Ntjpapay; Nrh;f;ifg;nghUs;) ekJ `hh;Nkhd;fisg; ghjpf;fpd;wd.  
 

• PVC nefpopiavhpg;gjd; %yk; il Mf;rpd;fs; (kdpjh;fSf;FkpfTk; 
jPikahder;Rj;jd;ikAs;sNtjpg; nghUs;fs;) ntspaplg;gLfpd;wd.  
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PS - ghyp];ilhpd; nefpopfs;:  
 

• ];ilhpd; vd;gJ ,e;jtifnefpopapd; fl;Lkhdg; nghUshFk;. ,J 
Gw;WNehiatpistpf;Fk;.  

• ,J rpijTWtjw;FePz;lfhyk; MFk; (100 Kjy; 10 ,yl;rk; Mz;Lfs;) 
• czTg; nghUs;fs; kw;Wk; ghdq;fs; #lhf ,Uf;Fk;NghJ>mjpfmstpyhder;Rj; 

jd;ikAs;s ];ilhpid ,it mg;nghUs;fSf;Fs; ntspapLfpfd;wd 
 

PC - ghypfhh;gNdl; nefpopfs;:  
 

• PC nefpopahdJ>gp];gPdhy; A (BPA)vd;wnghUisf; nfhz;Ls;sJ.  

• czTkw;Wk; ghdq;fSf;fhfgad;gLj;jg;gLk; PC nghUs;fspypUe;JBPA 
vd;wnghUshdJntspaplg;gLfpwJ.  
 

• BPA vd;wnghUshdJ>xUrpy `hh;Nkhd;fspd; 
msitmjpfhpj;Njhmy;yJFiwj;NjhekJcly; nray;gLk; tpjj;ijkhw;WfpwJ.  
 

ABS–mf;iuNyhiel;iuy; gpA+l;lhilaPd; ];ilhPd; nefpopfs;:  

• ekJfz;fs;>Njhy;>nrhpkhdkz;lyk; kw;Wk; EiuaPuYf;F ];ilhPd; jPq;Ftpistpf;fpwJ.  
 

• BFR (Brominated Flame Retardants) vd;wnghUs;fs; ,jpy; Nrh;f;fg;gLfpd;wd.  
 

• er;Rj;jd;ikAs;sNtjpg;nghUs;fs; ,t;tifnefpopapypUe;Jfrpfpd;wd. 
 
xUKiwkl;Lk; gad;gLj;jg;glf;$banefpopfs;:  
 
gad;gLj;jpa gpd; J}f;fpnawpag;glNtz;banefpopfs;>FWfpafhyk; kw;Wk; ePz;lfhyRw;Wr;#oy; 
ghjpg;igVw;gLj;Jfpd;wd. cw;gj;jpnra;ag;gLk; nefpopapy; ghjpastpw;Fk; 
Nkyhdit>gad;gLj;jpagpd; J}f;fpnawpag;glNtz;banghUs;fSf;fhfNtgad;gLfpd;wd. ,it 
fopTePh;f; Foha;fspy; milg;igVw;gLj;jp>ePh; epiyfisg; ghjpf;fpd;wd. ,t;tifnefpopfs; 
jhtuq;fs;>tpyq;Ffs; kw;Wk; kdpjh;fSf;Fcly;eyf;Nfl;ilcz;Lgz;Zfpd;wd. 
nefpopg;igfs;>Ftisfs;>jl;Lfs;>cwpQ;RFoy;fs;>FbePh; ghf;nfl;Lfs;>fuz;bfs; kw;Wk; 
czTg; nghUs;fisfl;bj;jUtjw;Fg; gad;gLk; nefpopj; jhs;fs; Nghd;wit 
,jw;fhdcjhuzq;fshFk;.  
 
,tw;iwcw;gj;jpnra;arpyepkplq;fNsMfpwJ. ePq;fs; 
mtw;iwFWfpafhyj;jpw;Nfgad;gLj;JfpwPh;fs;. Mdhy;>mit J}f;fpvwpag;gLk; nghOJMapuk; 
Mz;LfSf;FRw;Wr;#oypy; ,Ue;JmLj;jjiyKiwapdUf;FkhRghl;ilVw;gLj;Jfpd;wd. 
ekJkf;fisAk; Rw;Wr;#oiyAk; ghJfhf;fekf;Frl;lq;fs; Njit.  
 
jkpo;ehl;by; nefpopiaxopf;fGjpatpjpKiwfs;:  
 
Rw;Wr;#oy; (ghJfhg;Gr;) rl;lk; 1988>vd;wrl;lj;jpy; xUrpymk;rq;fisr; Nrh;g;gJkw;Wk; 
jpUj;Jtjd; %yk;>nefpopkhRghl;ilj; jLg;gjw;F> 
,e;jpamurhq;fkhdJ>gy;NtWtpjkhdrl;luPjpahdeltbf;iffisNkw;nfhz;LtUfpwJ. 
,e;jrl;lj;ijghh;itahff; nfhz;Ljkpofmurhdj>xUrpynefpopg; 
nghUs;fisxopg;gjw;fhdKaw;rpiavLj;Js;sJ (Rw;Wr;#oy; kw;Wk; fhLfs; 
Jiw>jkpo;ehLmurhizvz; 84 ehs; 2018/06/25). 
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,e;j murhizapd;gb> jkpof murhdJ> 2019> [dthp 1 Kjy;> xU kiw kl;LNk 
gad;ggLj;jg;glf;$ba kw;Wk; gad;gLj;jpagpd; J}f;fpnawpag;glNtz;ba nefpopfspd; 
gad;ghl;il jilnra;Js;sJ. ,e;j rl;lkhdJ> jkpo;ehl;il nefpop khRghl;bypUe;J 
ghJfhg;gjw;fhf tbtikf;fg;gl;Ls;sJ.  
 
,j;jifa nefpopia cw;gj;jp nra;tJ> Nrkpj;J itg;gJ> tpepNahfk; nra;tJ> nfhz;L 
nry;tJ> tpw;gid nra;tJ kw;Wk; gfph;tJ Nghd;wtw;iw jilnra;Ak; rl;lq;fs; kpfTk; 
gaDs;sit MFk;. cw;gj;jpahsh;fs;> tpepNahfpg;Nghh;> filf;fhuh;fs; kw;Wk; Efh;Nthh; vd 
midj;J r%fj;jpdiuAk; ,r;rl;lkhdJ ,yf;fhff; nfhz;Ls;sjhy; ,J mjpf msT 
ntw;wpaile;Js;sJ. jkpof murpd; ,e;j Kaw;rpahdJ> ehl;bYs;s kw;w khepyq;fSf;F xU 
Kd; cjhuzkhFk;.  
 
,e;j rl;lj;jpd; Kf;fpakhd mk;rq;fisak;> mit Vd; jilnra;ag;gl;ld vd;w mwptpay; 
cz;ikfisAk; fPNo fhz;f.  
 
jilnra;ag;gl;l nghUs;fs;  
nefpopg;igfs;:  
 

• cyfk; KOtJk;>xt;nthUepkplKk; 20 ,yl;rk; nefpopg;igfs; gad;gLj;jg;gLfpd;wd.  
 

• 97% igfs; kWRow;rpnra;ag;gLtjpy;iy.  
 

• czTg;nghUs;fs; ,Ug;gjhy;>tpyq;Ffs; ,tw;iwcz;fpd;wd. xUgRtpd; tapw;wpy; 70 
fpNyhtpw;Fk; mjpfvilAs;snefpopg;igfs; ,Ue;jd.  
 

nefpopj; jl;Lf;fs;:  
 

• mRj;jkhd jl;Lf;fis (gad;gLj;jpa jl;Lf;fs;) kWRow;rp nra;a KbahJ.  
 

• xUKiw kl;LNk gad;gLj;jg;glf;$ba ngUk;ghyhd jl;Lfs; ekJ clYf;F jPq;F 
tpistpf;Fk; ghyp];ilhpd; (nurpd; FwpaPL 6) vd;w nghUshy; Mdit.  
 

• mit 20 epkplq;fs; kl;LNk; gad;gLj;jg;gLfpd;wd. Mdhy;> 1000 Mz;LfSf;Fk; Nky; 
Rw;Wr; #oypy; cs;sd.  
 

FbePh; ghf;nfl;Lfs;:  
 

• FbePh; ghf;nfl;Lf;fis ntspapy; tPrp vwptjd; %yk; nefpop khRghL mjpfhpf;fpwJ.  
 

• mtw;wpd; kPJ mr;rbf;fg;gl;Ls;s Cjh epw ikahdJ kWRow;rp nra;tijf; 
Fiwf;fpwJ. 
 

• ,it gad;gLj;jg;gl;l gpwF> mtw;Ws; vQ;rpa ePH; ,Ug;gjhYk;> mOf;file;J 
fhzg;gLtjhYk;> mtw;iw kWRow;rp nra;tJ fbdk;.  
 

nefpopahyhd cwpQ;R Foha;fs;:  
 

• ,tw;wpd; vil kpfTk; Fiwthf ,Ug;gjhy; ,tw;iwAk; kWRow;rp nra;a KbahJ.  
 

• flYf;F mbapy; fhzg;gLk; nefpop khRghl;bw;Ff; fhuzkhd Kjy; gj;J 
nghUs;fspy; ,itAk; xd;W.  
 

• cwpQ;R Foha; Nghd;w nefpopfis>90% gwitfs; cl;nfhs;fpd;wd.  
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nefpopj; jhs;fs;:  
 

• jl;Lf;fspd; kPJ gad;gLj;jg;gLk; nefpopj; jhs;fs; mOf;file;jpUg;gjhy; mtw;iwAk; 
kWRow;rp nra;a KbahJ.  
 

• czTg; nghUs;fs; #lhfTk;> fhukhfTk;> vz;izAlDk; ,Uf;Fk; NghJ> mjpfkhd 
Ntjpg;nghUs;fs; nefpopapypUe;J cztpw;Fs; nry;fpd;wd.  
 

• cztpd; thrid mtw;wpd; kPJ ,Ug;gjhy; gR> ML kw;Wk; eha; Nghd;w tpyq;Ffs; 
vjph;ghuhj tpjkhf mtw;iw cz;fpd;wd.  

 
nefpop khRghl;il xopg;gjpy; khzth;fspd; gq;F:  
 

nefpop khRghl;ilf; Fiwg;gjpy; ePq;fs; Kf;fpag; gq;F tfpf;fpwPh;fs;. NkYk; mjidf; 
Fiwg;gjw;fhd jpwidAk; ngw;Ws;sPh;fs;. ,e;j tif nefpopahdJ> ed;ikahdjh my;yJ 
jPikahdjh vd;W ePq;fNs NfSq;fs;. ,J jPq;F tpistpf;ff;$baJ ,y;iynadpy; 
xUKiw kl;LNk gad;gLj;jf;$bajh? ,g;gbg;gl;l Nfs;tpfSk;> mwptpay; rhh;e;j mwpTk; 
Njitaw;w nefpop khRghl;ilf; Fiwg;gjw;F nghpJk; cjTk;.  
 
nefpopg; gad;ghl;il vt;thW jLf;fyhk;:  
 

• khzth;fshfpa ePq;fs; nefpop gw;wpa cq;fsJ mwptpay; mwpit> cq;fsJ 
ngw;Nwhh;> cwtpdh; kw;Wk; ez;gh;fSld; gfph;e;J nfhz;L> nefpop gw;wpa tpopg;Gzh;it 
Vw;gLj;jyhk;.  
 

• nurpd; FwpaPl;il milahsk; fhz;gjd; %yk; jPikahd nefpopfis vt;thW jLg;gJ 
vd;gij mth;fSf;F fw;gpf;fyhk;.  

 
• Gjpa tpjpfs; gw;wpAk;. xUKiw kl;LNk gad;gLj;jg;glf; $ba nefpopfis vt;thW 

jLf;fyhk; vd;gJ gw;wpAk; mth;fSf;F vLj;Jf;$wyhk;.  
 

cq;fs; md;whltho;tpy; eilKiwfs;:  
 

• nefpopfistPrpvwptjd; %yk; Rw;Wg;Gwj;ijkhRgLj;jhjPh;fs;.  
 

• cq;fSilags;spapYs;snray;jpl;lq;fSf;Fnjh;kNfhiyg; (nurpd; FwpaPL 6) 
gad;gLj;jhjPh;fs;.  
 

• xUKiwkl;LNkgad;gLj;jg;glf; $bamy;yJcgNahfpj;jgpd; 
J}f;fpnawpag;glNtz;banefpopg; nghUs;fshyhdigfs;>Ftisfs;>njh;kNfhyhy; Md 
jl;Lf;fs;>Ftisfs; kw;Wk; cwpQ;RFoha;fs; Mfpatw;iwg; gad;gLj;jhjPh;fs;.  
 

• nefpopfisvhpf;fhjPh;fs;. Vnddpy; mjdhy; ntspaplg;gLk; er;Rf; 
fhw;whdJ>ekJclYf;FjPq;ftpistpg;gNjhLgUtepiykhw;wj;ijAk; Vw;gLj;Jk;.  

 

• PVC nefpopfisvhpg;gjd; %yk; ntspahFk; ilahf;rPd; 
vd;wNtjpg;nghUshdJkdpjh;fSf;Fmjpff;NfLtpistpg;gjhFk;.  
 

• nefpopg; igfspy; milf;fg;gl;l #lhd czTg; nghUs;fiscz;zhjPh;fs;.  
 

• nefpopg; nghUs;fisjdpj;jdpNagphpj;J>kWRow;rpnra;ag;gLk; gb>Rj;jk; nra;Ak; 
gzpahsh;fsplk; toq;fNtz;Lk;.  
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• nurpd; FwpaPl;ilmilahsk; fhz;gJkw;Wk; gad;gLj;Jtijj; 
jLg;gJgw;wpxUehisf;FxUegUf;fhtJtpopg;Gzh;TVw;gLj;jNtz;Lk;. (nudpd; FwpaPL(#3 
PVC, #6 PS and #7 ABS/PC).  

 


