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MONTHLY TEST – 3 

PART – I  
 

 LIGHT 
8th  term 1 Unit-3 xspapay; 

9 th book Unit - 6 xsp 

10th book Unit 2 xspapay; 

11thvol 2 Unit-11 miyfs; 

12thvol 2 Unit- 6 xspapay; 

 

8TH mwptpay; 
njhFjp 1 
myF – 3 
xspapay; 

 
mwpKfk;:  
 
 gr;irg;gNrnydf; fhl;rpaspf;Fk; gRe;jhtuq;fshy; Nghh;j;jg;gl;l cah;e;j kiyfs;> 
thdj;J Nkfq;fisj; njhLk; cah;e;J epw;Fk; kuq;fs;> mofhfg; gha;e;J nry;Yk; 
ePNuhilfs;> flw;fiuia Nehf;fp Mug;ghpf;Fk; ePyf;fly;> fhiy Ntisapy; jq;fr; rptg;G 
epwj;jhy; epug;gg;gl;l thdj;Jf; fjph;fs; ,it midj;Jk; ekJ fz;fSf;Fk;> kdjpw;Fk; 
kfpo;r;rpiaj; juf;$bait Mdhy; xspapy;yhky; ,tw;iwf; fhzKbAkh? KbahJ. fhuzk;> 
xsp ek;ikr; Rw;wpAs;s nghUs;fspd; kPJ gl;L vjpnuhspj;J fz;fis miltjhy;> ek;khy; 
mtw;iwf; fhz KbfpwJ.  
 
 xsp xU tif Mw;wyhFk;. xsp Neh;f;Nfhl;by; nry;Yk; rkjs Mbfisg; Nghd;w 
gsgsg;ghd nghUs;fspy; vt;thW xsp vjpnuhspf;fpwJ vd;gjid fPo; tFg;Gfspy; 
gapd;Ws;sPh;fs;. Nfhsf Mbfs;> gutisa Mbfs; kw;Wk; gpwtif Mbfs; gw;wpAk;> 
md;whl tho;tpy; ,tw;wpd; gad;fisg; gw;wpAk; ,g;ghlj;jpy; gapy cs;sPh;fs;. NkYk; xsp 
vjpnuhspg;G tpjpfs;> xsp tpyfy; tpjpfs; kw;Wk; nghp];Nfhg;> fiylh];Nfhg; Nghd;w 
xspapay; fUtpfisAk; mtw;wpd; nray;ghl;Lj; jj;Jtq;fisAk; gbf;f ,Uf;fpwPh;fs;  
 
Mbfspd; tiffs;:  
 
 gy;NtW Nehf;fq;fSf;fhf md;whlk; ehk; Mbfisg; gad;gLj;JfpNwhk;. 
myq;fhuj;jpw;fhfTk;> thfdq;fspy; gpd;Gwk; tUk; thfdq;fisf; fhz;gjw;fhfTk;> 
njhiyNehf;fp Nghd;w mwptpay; rhjdq;fspYk; Mbfisg; gad;gLj;JfpNwhk;. xspia 
vjpnuhspf;Fk; gz;gpidg; ngw;Ws;s gsgsg;ghd xspapay; rhjdNk Mb MFk;. Mb vd;gJ 
xU Gwk; kl;Lk; mYkpdpak; my;yJ nts;sp Kyhk; G+rg;gl;l fz;zhbj;Jz;L MFk;. 
Mbfs;> rkjs kw;Wk; tise;j gug;Gilait. Nfhsf Mbfs;. cUis Mbfs;> gutisa 
Mbfs;> ePs;tl;l tbt Mbfs; Mfpait tise;j gug;Gila MbfshFk;. Mbapd; tbt 
mikg;Ng mjdhy; cUthFk; gpk;gj;jpidj; jPh;khdpf;fpwJ. rkjs MbahdJ xU nghUspd; 
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rhpahd gpk;gj;jpid cUthf;FfpwJ. mNj Ntisapy; tise;j gug;gpid cila Mbfs; 
nghpa kw;Wk; rpwpa gpk;gq;fis cUthf;Ffpd;wd. rkjs Mbfisg; gw;wp fPo; tFg;Gfspy; 
gapd;Ws;sPh;fs;. gutisa kw;Wk; Nfhsf Mbfisg; gw;wp ,g;gFjpapy; gapy ,Uf;fpwPh;fs;.  
 

 
 
16 Mk; E}w;whz;by; ,j;jhypapYs;s ntdp]; efuj;jpy; fz;zhbj; jfl;bd; kPJ 
vjpnuhspf;Fk; cNyhfj;ij nky;ypa glykhfg; G+Rk; tof;fk; eilKiwapy; 
,Ue;jJ. ghjurk; kw;Wk; nts;sp cNyhff;fyitapid ,jw;fhf gad;gLj;jpdh;. 
fz;zhbj; jfl;bd; kPJ cUfpa mYkpdpak; my;yJ nts;sp cNyhfj;jpid 
nky;ypa glykhfg; g+rp> mjid Mbahf jw;NghJ gad;gLj;jp tUfpNwhk;.  

 
Nfhsf Mbfs;:  
 
 tise;j Mbfspd; xU tbtNk Nfhsf MbfshFk;. tise;j Mbfs; xU 
Nfhsj;jpd; gFjpahff; fUjg;gl;lhy; mit "Nfhsf Mbfs;' vd miof;fg;gLfpd;wd. ,J 
xU Nfhsj;jpd; Nkw;gug;gpypUe;J ntl;lg;gl;l rpWgFjpapidg; Nghd;W tbtj;ijf; 
nfhz;bUf;Fk;. Mbapd; xU gFjpapy; nts;spg;G+r;R G+rg;gl;Ls;sJ. kw;nwhU gFjpapy; xsp 
vjpnuhspg;G epfo;fpwJ.  
 

   
 
Fop Mb:  
 
 Nfhsf Mbapd; tise;j gug;gpy; xsp vjpnuhspg;ghdJ epfo;;e;jhy; mJ Fop Mb vd 
miof;fg;gLfpwJ. ,e;j Mbapd; mUfpy; itf;fg;gl;l nghUspid ,J nghpjhf;fpf; fhl;Lk;. 
nghJthf myq;fhuj;jpw;fhf gad;gLj;jg;gLk; fz;zhb> Fop Mbf;F vLj;Jf;fhl;lhFk;.  
 
Ftp Mb:  
 
 Nfhsf Mbapd; Ftpe;j gug;gpy; xsp vjpnuhspg;ghdJ epfo;e;jhy; mJ Ftp Mb vd 
miof;fg;gLfpwJ. ,t;tif Mbfs; nghUspd; msittplr; rpwpa gpk;gj;jpid cUthf;Fk;. 
rhiyfspy; gpd;Gwk; tuf;$ba thfq;fisf; fhz;gjw;Fg; gad;gLj;jg;gLk; Mbfs;f; Ftp 
Mbfs; MFk;.  
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Ftp Mb gpd;Gw ghh;itf; fz;zhbahf thfdq;fspy; gad;gLfpwJ. ',f;fz;zhbapy; 
Njhd;Wk; gpk;gkhdJ mjd; cz;ikj; njhiyit tpl mUfpy; cs;sJ' vd;w 
vr;rhpf;if thrfk;> mjpy; vOjg;gl;bUf;Fk;. mjhtJ> gpd;GwKs;s thfdj;jpd; 
njhiyT fz;zhbapy; cs;sJ Nghy; J}uj;jpy; ,y;yhky; mUfpy; ,Uf;Fk;.  
 
gutisa Mbfs;:  
 
 ,J gutisaj;ijg; Nghd;w tise;j gug;Gila MbahFk;. ,J Fope;j 
vjpnuhspf;Fk; gug;gpidf; nfhz;lJ. ,e;jg; gug;ghdJ mjd; kPJ tpOk; xspf;fw;iwia xU 
Gs;spapy; Ftpf;Fk;.  
 
 ,NjNghy;> xspf;fjph;fis cz;lhf;Fk; xsp%yj;jpidg; gutisa Mbapd; 
Ftpag;Gs;spapy; itj;jhy;> xspf;fjph;fs; gutisag;gug;gpy; gl;L vjpnuhspf;Fk;. 
vjpnuhspf;fg;gl;l fjph;fs; Mbapd; Kjd;ik mr;rpw;F ,izahf xU Fwpg;gpl;l jpirapy; 
tphpe;J nry;Yk;. ,f;fjph;fs; nghypT Fiwahky; kpf ePz;l njhiytpw;Fg; gazpf;Fk;.  
 
 gutisa Mbfisg; gutisa vjpnuhspg;ghd;fs; vdTk; miof;fyhk;. ,it xsp> 
ntg;gk;> xyp kw;Wk; NubNah miyfs; Nghd;wtw;iw mtw;wpd; Mw;wy; Fiwahky; Mbapd; 
Ftpag;gug;gpy; tPo;j;jp Nrfhpf;fg; gad;gLfpd;wd. ,it vjpnuhspf;Fk; njhiyNehf;fpfs;> 
NubNah njhiyNehf;fpfs; kw;Wk; Ez;miy njhiyNgrpf; fUtpfspYk; gad;gLfpd;wd. 
NkYk; #hpar; rikaw;fyd;fs; kw;Wk; #hpa ntg;gr; #Nlw;wp Mfpatw;wpYk; gad;gLfpd;wd.  
 
 

 
 

fphpf;Nfh – Nuhkd; fhyj;jpypUNj gutisa Mb Ntiynra;Ak; jj;JtkhdJ 
mwpag;gl;bUe;jJ. fzpjty;Yeh; ilNahfps;]; vOjpa 'vhpf;Fk; Mbfs;' vd;w 
E}ypy; ,jd; tbtk; gw;wpa jfty; ,lk; ngw;Ws;sJ. ,gpd; ~hy; vd;W 
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miof;fg;gLk; ,aw;gpayhsh; 10 Mk; E}w;whz;by; gutisa Mbfisg; gw;wp 
fw;wwpe;jhh;. 1888 Mk; Mz;L n[h;kd; ,aw;gpayhsh; n`d;wp n`h;l;]; KjyhtJ 
gutisa Mbia vjpnuhspf;Fk; thdiy thq;fp (Antenna) tbtpy; tbtikj;jhh;.  
 
Nfhsf Mbfs; njhlh;ghd gjq;fs;:  
 
Nfhsf Mbfshy; Njhd;Wk; gpk;gq;fisg; gw;wp Ghpe;J nfhs;s mit njhlh;ghd rpy 
gjq;fis ePq;fs; mwpe;J nfhs;s Ntz;Lk;.  
 
tisT ikak;: Mb cUthf;fg;gl;l Nfhsj;jpd; ikak; tisT ikak; MFk;. ,J Mq;fpy 
vOj;J C vd fjph; tiuglq;fspy; Fwpg;gplg;gLfpwJ. (Nfhsf Mbapdhy; cUthf;fg;gLk; 
gpk;gq;fisf; fjph; tiuglq;fs; %yk; Fwpg;gplyhk;. ,jidg; gw;wp ePq;fs; Nky; tFg;gpy; 
gapy cs;sPh;fs;)  
 
Mb ikak;: Nfhsf  Mbapd; tbtpay; ikak; MFk;. ,J Mq;fpy vOj;J P vdf; 
Fwpg;gplg;gLfpwJ.  
 
tisT Muk;: Nfhsj;jpd; ikaj;jpw;Fk; mjd; Kidf;Fk; ,ilg;gl;l njhiyT tisT 
Muk; MFk;. ,J Mq;fpy vOj;J R vd fjph; tiuglq;fspy; Fwpg;gplg;gLfpwJ. (Kid 
vd;gJ Mbapd; gug;gpy; Kjd;ik mr;rhdJ> Mbiar; re;jpf;Fk; Gs;sp MFk;. ,J 
Mbikak; vdTk; miof;fg;gLfpwJ)  
 
Kjd;ik mr;R: Mbikaj;ijAk; tisT ikaj;ijAk; ,izf;Fk; Neh;f;NfhL Kjd;ik 
mr;R vdg;gLk;.  
 
Ftpak;: xU xspf;fw;iwahdJ Nfhsf Mbapy; gl;L vjpnuhspj;j gpd; Kjd;ik mr;rpy; 
(Fop Mb) FtpAk; Gs;sp my;yJ Kjd;ik mr;rpypUe;J (Ftp Mb) tphpe;J nry;tJ Nghy; 
Njhd;Wk; Gs;sp> Kjd;ikf; Ftpak; my;yJ Ftpak; vd miof;fg;gLfpwJ. ,J fjph; 
tiuglj;jpy; F vd;w vOj;jhy; Fwpf;fg;gLfpwJ. ,jidf; Ftpag;Gs;sp vdTk; miof;fyhk;.  

 
Ftpaj; njhiyT: Mb ikaj;jpw;Fk; Kjd;ikf; Ftpaj;jpw;Fk;> ,ilg;gl;l njhiyT v 
Ftpa njhiyT vdg;gLk;.  
 
Nfhsf Mbapd; Ftpa njhiytpw;Fk;> tisT Muj;jpw;Fk; ,ilNa njhlh;G cs;sJ. 
tisT Muj;jpd; ghjp Ftpa njhiythFk;.  
 

 
fzf;fPL 1:  
 
 Nfhsf Mb xd;wpd; tisT Muk; 20 nr.kP vdpy; mjd; Ftpaj; njhiytpidf; 
fhz;f.  
jPh;T :  
   tisT Muk; = 20 nr.kP  

  Ftpaj; njhiyT = 
tisT Muk;

2
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20

2 2

R
= = 10 nr.kP  

fzf;fPL 2:  
 Nfhsf Mb xd;wpd; Ftpaj; njhiyT 7 nr.kP vdpy; Mbapd; tisT Muk; vd;d?  
jPHT:  
  Ftpaj; njhiyT = 7 nr.kP  
  tisT Muk; (R) = 2 × Ftpaj; njhiyT  
     = 2 × 7 =  14  nr.kP  
 
Nfhsf Mbfspy; Njhd;Wk; gpk;gq;fs;:  
 
Nfhsf Mbfspy; Njhd;Wk; gpk;gq;fs; ,uz;L tifg;gLk;. mit  
1. nka; gpk;gk;  
2. kha gpk;gk;  
 
 jpiuapy; gpbf;f ,aYk; gpk;gk; nka; gpk;gkhFk;. jpiuapy; gpbf;f ,ayhj gpk;gk; 
khagpk;gkhFk;.  
Ftpahbapy; vg;NghJk; Neuhd> mstpy; rpwpa khagpk;gk; Njhd;Wk;> ,jdhy; ,t;tif 
Mbfshy; Njhd;Wk; gpk;gq;fisj; jpiuapy; tPo;j;jpg; gpbf;f ,ayhJ.  
 
 Fop Mbapd; Kd; nghUs; itf;fg;gLk; ,lj;ijg; nghWj;J gpk;gj;jpd; jd;ikahdJ 
jPh;khdpf;fg;gLfpwJ. Fop Mbapd; mUfpy; nghUs; tUk;NghJ Mbikaj;ij milAk; tiu 
Njhuhakhfg; nghUspd; mstpid milAk;tiu gpk;gkhdJ nghpjhfpf; nfhz;Nl nry;Yk;. 
nghUshdJ Mbia tpl;L tpyfpr; nry;y nry;y gpk;gj;jpd; msthdJ rpwpajhf ,Uf;Fk;. 
Kjd;ikf; Ftpaj;ij milAk; tiu njhlh;e;J rpwpa gpk;gj;ij cz;lhf;Fk;. <wpyhj; 
njhiytpy; nghUshdJ itf;fg;gl;lhy; gpk;gkhdJ Kf;fpa Ftpaj;jpy; tpOk;.  
 
 Ftp Mbapdhy; Njhd;Wk; gpk;gj;jpd; msT kw;Wk; jd;ik nfhLf;fg;gl;Ls;sJ.  
 
 Fop Mbfs; nka; gpk;gq;fisj; Njhw;Wtpf;Fk;. ,tw;iwj; jpiuapy; gpbf;f ,aYk;. 
Mbapd; Kd;dh; itf;fg;gl;l nghUspd; mikg;G> msT kw;Wk; jd;ikapidg; nghWj;J 
gpk;gq;fSk; khWgLfpd;wd. Ftp Mbfisg;Nghy;> Fop Mbfs; ntt;NtW tifahd 
gpk;gq;fisj; Njhw;Wtpf;fpd;wd Fopahbapy; Njhd;Wk; gpk;gq;fspd; njhFg;ghdJ 
nfhLf;fg;gl;Ls;sJ.  
 
Ftp Mbapy; Njhd;Wk; gpk;gk;:  

 
nghUspd; epiy gpk;gj;jpd; epiy gpk;gj;jpd; msT gpk;gj;jpd; jd;ik 

<wpyhj; njhiytpy; F- ,y;  Gs;sp msT 
kpfr;rpwpaJ  

Neuhd kha gpk;gk;  

<wpyhj; 
njhiytpw;Fk; Mb 
ikaj;jpw;Fk; 
,ilapy;  

P- f;Fk; F-f;Fk; 
,ilapy;  

rpwpaJ  Neuhd kha gpk;gk;  

 
Fop Mbapy; Njhd;Wk; gpk;gk; 
 
nghUspd; epiy  gpk;gj;jpd; epiy  gpk;gj;jpd; msT  gpk;gj;jpd; jd;ik  

<wpyhj; njhiytpy; F - ,y; kpfTk; rpwpaJ  jiyfPohd nka; 
gpk;gk;  

C – f;F mg;ghy;  C – f;Fk; F – 
f;Fk; ,ilapy;  

rpwpaJ jiyfPohd nka; 
gpk;gk; 

C - ,y; C - ,y;  nghUspd; mstpy; 
,Uf;Fk; 

jiyfPohd nka; 
gpk;gk; 

C – f;Fk; F – C – f;F mg;ghy; nghpaJ  jiyfPohd nka; 
gpk;gk; 
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f;Fk; ,ilapy; 

F - ,y; <wpyhj; njhiytpy; kpfg; nghpaJ jiyfPohd nka; 
gpk;gk; 

F-f;Fk; P - f;Fk; 
,ilapy;  

Mbf;Fg; gpd;dhy; nghpaJ Neuhd kha gpk;gk;  

 
 ml;ltizia ePq;fs; cw;WNehf;fpdhy; FopMb vg;NghJk; jiyfPohd 
nka;g;gpk;gj;ij cUthf;FfpwJ. Mdhy;> Ftpaj;jpw;Fk; Mbikaj;jpw;Fk; ,ilapy; nghUs; 
itf;fg;gLk; nghOJ kl;Lk; Neuhd khagpk;gj;ij Vw;gLj;JfpwJ vd;gij ePq;fs; fhz 
KbAk;.  
 
tise;j gug;Gila Mbapd; gad;fs;  
Fop Mbfs;  
 

1. nghpjhd gpk;gj;ij cUthf;Ftjhy; myq;fhuf; fz;zhbahfTk;> Kfr; rtuf; 
fz;zhbahfTk; Fop Mbfs; gad;gLj;jg;gLfpd;wd.  
 

2. xspia ePz;l njhiyT gutr; nra;tjhy; lhh;r; tpsf;Ffs;> NjLtpsf;Ffs; kw;Wk; 
thfdq;fspd; Kfg;G tpsf;Ffs; Nghd;wtw;wpy; FopMbfs; gad;gLfpd;wd. 
  

3. Fop Mbfs; gue;j gug;Gf;fspypUe;J xspapidr; Nrfhpj;J> xU Gs;spapy; Ftpar; 
nra;fpd;wd vdNt> ,t;tif Mbfs; #hpa rikae;fyd;fspy; gad;gLfpd;wd.  
 

4. epoiy Vw;gLj;jhky;> nghUs;fis njspthff; fhz;gpg;gjhy; kUj;Jth;fs; fz;> fhJ 
kw;Wk; njhz;ilg;gFjpapid Nrhjpj;Jg; ghh;g;gjw;fhf mth;fs; mzpe;jpUf;Fk; jiyf; 
fz;zhbfspy; Fop Mbfs; gad;gLfpd;wd.  
 

5. vjpnuhspf;Fk; njhiyNehf;fpfspYk; Fop Mbfs; gad;gLfpd;wd.  
 
Ftp Mbfs;:  
 

1. thfdq;fspd; gpd;Gwk; tUk; gpw thfdq;fisg; ghhg;gjw;F FtpMbfs; 
gad;gLfpd;wd. NkYk;> Ftp Mbfs; ntspg;Gwkhf tise;jpUg;gjhy; Neuhd 
gpk;gj;ijj; jUtNjhL> mjpf msT gpd;Gwg; gFjpiaAk; fhz;gpf;fpd;wd.  
 

2. kUj;Jtkid> jq;Fk; tpLjpfs;> gs;spfs; kw;Wk; mq;fhbfspy; ,it gad;gLfpd;wd. 
ngUk;ghYk; fl;llj;jpd; FWfpa tisTfs; cs;s Rth;fs; my;yJ $iufspy; ,e;j 
Mbfs; nghUj;jg;gl;bUf;Fk;.  
 

3. rhiyfspd; kpfTk; FWfpa kw;Wk; El;gkhd tisTfspy; Ftp Mbfs; 
gad;gLfpd;wd.  

 
 vy;yhg; nghUs;fshYk; xNu khjphpahd tpistpid rkjsf;fz;zhbapy; Vw;gLj;j 
KbahJ. Xh; xspf;fjpuhdJ gsgsg;ghd> nkd;ikahd xspUk; gug;gpd; kPJ gLk;NghJ 
kl;LNk> jpUg;gp mDg;gg;gLfpwJ. ,t;thW gsgsg;ghd> nkd;ikahd gug;gpy; gl;L xsp 
jpUk;Gk; epfo;Nt xsp vjpnuhspj;jy; vd;W miof;fg;gLfpwJ.  
 
xsp vjpnuhspj;jypy; ,U fjph;fs; <LgLfpd;wd. mit  
1. gLfjph; kw;Wk;  
2. vjpnuhspg;Gf; fjph;  
 
 xU Clfj;jpy; vjpnuhspf;Fk; gug;gpd; gsgsg;ghd jsj;jpd; kPJ gLk; fjph; gLfjph; 
vdg;gLk;. xspahdJ mg;gug;gpd; kP gl;l gpwF> mNj Clfj;jpy; jpUk;g tUk;. ,e;j 
xspf;fjph; 'vjpnuhspg;Gf; fjph' vdg;gLk;. vjpnuhspf;Fk; gug;gpy;> xspf;fjph; gLk; Gs;spapy; 
fw;gidahf tiuag;gl;l nrq;Fj;Jf; NfhL 'Fj;Jf; NfhL' vdg;gLk;.  
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 gLfjph;> vjpnuhspg;Gf; fjph; kw;Wk; Fj;Jf;NfhL Mfpatw;wpw;F ,ilNa cs;s 
njhlh;G vjpnuhspg;G tpjpfshf nfhLf;fg;gl;Ls;sd. mit gpd;tUkhW:  
 

1. gLfjph;> vjpnuhspg;Gf;fjph; kw;Wk; gLGs;spapy; tiuag;gl;l Fj;Jf;NfhL Mfpait 
midj;Jk; xNu jsj;jpy; mike;Js;sd.  
 

2. gLNfhzKk;> vjpnuhspg;Gf; NfhzKk; vg;NghJk; rkkhfNt ,Uf;Fk;.  
 

 
 
vjpnuhspg;gpd; tiffs; / vjpnuhspj;jypd; tiffs;:  
 
 midj;Jg; nghUs;fSk; xspia vjpnuhspg;gjpy;iy vd;gjid ePq;fs; 
gapd;Ws;sPh;fs;. vjpnuhspf;Fk; msthdJ vjpnuhspf;Fk; nghUspd; gug;igr; rhh;e;jJ. 
vjpnuhspf;Fk; gug;igg; nghWj;J vjpnuhspj;jy; ,U tifg;gLk;. mit: 1. xOq;fhd 
vjpnuhspg;G 2. xOq;fw;w vjpnuhspg;G  
 
xOq;fhd vjpnuhspg;G:  
 
 totog;ghd gug;gpd; kPJ Xh; xspf;fw;iwahdJ (,iz xspf;fjph;fspd; njhFg;G) 
tpOk; NghJ mJ vjpnuhspf;fg;gLfpwJ. vjpnuhspg;gpw;Fg;gpd; xspf;fjph;fs; xd;Wf;nfhd;W 
,izahf cs;sd. ,e;j vjpnuhspg;gpy; xt;nthU fjphpd; gLNfhzKk; vjpnuhspg;Gf; 
NfhzKk; rkkhf cs;sJ. vjpnuhspj;jy; tpjpahdJ gpd;gw;wg;gLtjhy; ,jpy; njspthd 
gpk;gk; fpilf;fpwJ. ,t;tif vjpnuhspg;gpw;F 'xOq;fhd vjpnuhspg;G' my;yJ 'fz;zhb 
vjpuhspg;G' vd;W ngah;. vLj;Jf;fhl;L: rkjsf;fz;zhbapy; cUthFk; vjpnuhspg;G kw;Wk; 
epiyahd jz;zPhpy; Vw;gLk; vjpnuhspg;G.  
  
xOq;fw;w vjpnuhspg;G: 
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 nrhunrhug;ghd my;yJ xOq;fw;w gug;gpd; xt;nthU gFjpAk; ntt;NtW Nfhzj;jpy; 
mike;jpUf;Fk;. xspahdJ ,g;gug;gpy; gLk;NghJ xt;nthU xspf;fjpUk; ntt;NtW 
Nfhzj;jpy; vjpnuhspf;fpwJ. ,q;F xt;nthU xspf;fjphpd; gLNfhzKk;> vjpnuhspg;Gf; 
NfhzKk; rkkhf ,Uf;fhJ. NkYk;> xsp vjpnuhspg;G tpjpfs; kpfr; rhpahfg; 
nghUe;jtpy;iy. vdNt> ,jpy; gpk;gKk; njspthff; fpilf;ftpy;iy. ,t;tif 
vjpnuhspg;gpw;F 'xOq;fw;w vjpnuhspg;G' my;yJ 'gutyhd vjpnuhspg;G' vd;W ngah;. 
vLj;Jf;fhl;L: Rthpd; kPJ Vw;gLk; vjpnuhspg;G.  
 
 Nkw;fz;l nray;ghLfspypUe;J ,U rkjsf; fz;zhbfSf;fpilNa xU nghUis 
itf;Fk; NghJ mtwpw;fpilg;gl;l Nfhzk; vz;zw;w gpk;gq;fis Vw;gLj;JfpwJ vd;gjid 
cq;fshy; mwpaKbfpwJ. Vnddpy; xU fz;zhbapy; Njhd;Wk; gpk;gkhdJ> kw;nwhU 
fz;zhbf;Fg; nghUshf cs;sJ. mjhtJ> Kjy; fz;zhbapy; Njhd;Wk; gpk;gk;> 
,uz;lhtJ fz;zhbf;Fg; nghUshf ,Uf;fpwJ. ,Nj Nghy;> ,uz;lhtJ fz;zhbapy; 
Njhd;Wk; gpk;gk; Kjy; fz;zhbf;Fg; nghUshf ,Uf;fpwJ. MfNt> xNu xU nghUshdJ 
%d;W gpk;gq;fshf fz;zhbapy; njhpfpwJ. ,jidg; gd;Kf vjpnuhspg;G vd;fpNwhk;. ,J 
Nghd;w gd;Kf vjpnuhspg;gpid Milafq;fspYk;> rpif myq;fhu epiyaq;fspYk; 
fhzyhk;;.  
 
 ,t;thW Njhd;Wk; gpk;gq;fspd; vz;zpf;ifahdJ fz;zhbfSf;fpilg;gl;l 
Nfhzj;jpd; kjpg;gpigr; rhh;e;jJ. ,J fz;zhbfSf;fpilg;gl;l Nfhzk; 360° vdpy;> 
ttiuaWf;fg;gl;l vz;zpf;ifapy; nkhj;j vjpnuhspg;Gfs; Njhd;Wk;. rkjsf; 
fz;zhbfSf;fpilg;gl;lf; Nfhzk; θ (jPl;lh) vdpy;> Njhd;Wk; gpk;gq;fspd; vz;zpf;if  

   
360

1



= −  

 ePq;fs; fz;zhbf;fSf;fpilg;gl;l Nfhzj;jpd; kjpg;igf; Fiwf;Fk; NghJ Njhd;Wk; 
gpk;gq;fspd; vz;zpf;if mjpfhpf;Fk;. xd;Wf;nfhd;W ,izahff; fz;zhbfis itj;jhy; 
Kbtpyh vz;zpf;ifapy; gpk;gq;fs; Njhd;Wk;.  
   
fzf;fPL 3 :  
 
xd;Wf;nfhd;W 90° Nfhz rha;tpy; itf;fg;gl;l ,uz;L rkjsf; fz;zhbfSf;F ,ilNa 
Njhd;Wk; gpk;gq;fspd; vz;zpf;ifiaf; fhz;f.  
jPh;T:  
 
,uz;L rkjsf; fz;zhbfSf;F ,ilg;gl;l rha;T Nfhzk; = 90°  

Njhd;Wk; gpk;gq;fspd; vz;zpf;if = 
360 360

1 1 4 1 3
90

 
− = − = − =


 

 
fiylh];Nfhg;:  
 
 xspapd; gd;Kf vjpnuhspg;Gj; jj;Jtj;jpd; mbg;gilapy; ,f;fUtp nray;gLfpwJ. 
vz;zw;w gpk;gq;fis ,jd; %yk; cUthf;fyhk;. xd;Wf;nfhd;W rha;thd ,uz;L my;yJ 
mjw;F Nkw;gl;l fz;zhbfisf; nfhz;L ,J mikf;fg;gLfpwJ. tpiy Fiwe;j 
nghUs;fisf; nfhz;L tbtikf;fg;glf;$ba ,f;fUtp ekf;F kfpo;r;rpiaj; juf;$ba 
tz;zkakhd gpk;gq;fis cUthf;fplf;$baJ. ,f;fUtpahdJ Foe;ijfshy; tpisahl;Lg; 
nghUshf gad;gLj;jg;gLfpwJ.  
 
nghp];Nfhg;:  
 
 xU nghUSf;F my;yJ ePh;Ko;fpf; fg;gYf;F NkyhfNth my;yJ mijr; Rw;wpNah 
cs;s gpw nghUs;fisNah my;yJ fg;gy;fisNah ghh;g;gjw;fhd fUtpNa nghp];Nfhg; 
MFk;. xsp vjpnuhspj;jy; tpjpfspd; mbg;gilapy; ,f;fUtpahdJ nray;gLfpwJ. ,jd; 
mikg;ghdJ ePz;l ntspg;gFjpiaAk; cl;gFjpiaAk; nfhz;lJ. cl;gFjpapy; 45° Nfhzr; 
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rha;tpy; xt;nthU KidapYk; fz;zhb my;yJ Kg;gl;lfkhdJ nghUj;jg;gl;Ls;sJ ePz;l 
njhiytpy; cs;s nghUspypUe;J tUk;  
    
 xspahdJ nghp];Nfhg;gpd; Nky;Kidapy; cs;s fz;zhbapy; gl;L> nrq;Fj;jhff; 
fPo;Nehf;fp vjpnuhspf;fg;gLfpwJ. ,t;thW tUk; xspahdJ nghp];Nfhg;gpd; fPo;g;gFjpapy; 
cs;s fz;zhbahy; kPz;Lk; xUKiw vjpnuhspf;fg;gl;L fpilkl;lj; jpirapy; nrd;W 
ghh;g;gthpd; fz;fis milfpwJ.  
 
 rpf;fyhd mikg;Gila rpytifg; nghp];Nfhg;fspy; cah; fhl;rpj;jpwidg; 
ngWtjw;fhf> fz;zhbfSf;Fg; gjpyhf xspapiofs; gad;gLj;jg;gLfpd;wd. nghp];Nfhg;gpd; 
gad;ghl;ilg; nghWj;J mjd; cl;gFjpapy; cs;s fz;zhbfSf;fpilNa cs;s 
,ilntspahdJ khw;wpaikf;fg;gLfpwJ.  
 
gad;fs;:  
 

• Nghhpd;NghJk;> ePh;%o;fpf; fg;gy;fis topelj;jTk; nghp];Nfhg; gad;gLfpwJ.  

• uhZtj;jpy; gJq;F FopapypUe;J ,yf;fpid Fwpghh;g;gjw;Fk;> RLtjw;Fk; ,J 
gad;gLfpwJ.  

• jilnra;ag;gl;l uhZtg;gFjpfspy; cs;s Kf;fpakhd ,lq;fisg; nghp];Nfhg;gpidg; 
gad;gLj;jpg; Gifg;glk; vLf;f KbAk;.  

• cly; cs;cWg;Gf;fisg; ghh;g;gjw;F xspapio nghp];Nfhg;gpid kUj;Jth;fs; 
gad;gLj;Jfpd;wdh;.  
 

xsptpyfy;:  
 
 fhw;wpy; itf;fg;gl;Ls;s gsgsg;ghd gug;gpd; kPJ xspahdJ gl;L kPz;Lk; 
fhw;wpNyNa vjpnuhspf;fpwJ. xsp CLUTk; nghUspd; kPJ xspahdJ gLk;NghJ KOtJkhf 
vjpnuhspf;fg;glhky;> gFjpasT vjpnuhspf;fpwJ; gFjpasT xspahdJ cl;ftug;gLfpwJ. 
ngUk;gFjp xspahdJ> xsp CLUTk; nghUspd; topNa fle;J nry;fpwJ. fhw;wpy; xspapd; 
jpirNtfk; 3 × 108 kPtp-1 Mdhy; ,Nj msT jpirNtfj;jpy; xspahdJ ePh; my;yJ 
fz;zhbapy; gazpf;fhJ. Vndd;why;> mlh;j;jp mjpfkhd ePh; kw;Wk; fz;zhbahdJ 
xspf;fjph;fSf;F Xh; vjph;g;gpid Vw;gLj;Jfpd;wd.  
 
 vdNt> fhw;W Nghd;w mlh;T Fiwthd Clfj;jpypUe;J> fz;zhb Nghd;w mlh;T 
mjpfkhd Clfj;jpw;F xspf;fjph;fs; nry;Yk;NghJ Neh;f;Nfhl;Lg; ghijapypUe;J tpyfpr; 
nry;fpd;wd.  
 
 xspahdJ XH Clfj;jpypUe;J kw;Nwhh; Clfj;jpw;Fr; nry;Yk; NghJ xspgLk; 
Gs;spapy; nrq;Fj;Jf; Nfhl;bd; mr;irg; gw;wpa xspapd; tisT 'xsptpyfy;' vdg;gLk;.  
 
 mlh;T Fiw Clfj;jpypUe;J mlh;TkpF Clfj;jpw;F xspahdJ nry;Yk;NghJ mjd; 
nrq;Fj;Jf;Nfhl;il Nehf;fp tpyfyilAk;. mlh;T kpF Clfj;jpypUe;J mlh;T Fiw 
Clfj;jpw;F xspahdJ nry;Yk;NghJ mjd; nrq;Fj;Jf;Nfhl;il tpl;L tpyfpr; nry;Yk;. 
,e;epfo;tpid fPo;f;fz;l nray;ghl;bd; %yk; fz;Lzuyhk;.  
 
 ,e;j nray;ghl;by;> xspf;fjph;fs; ePhpypUe;J (mlh;T mjpfkhd Clf) fhw;wpw;Fr; 
(mlh;T Fiwthd Clfk;) nry;fpd;wd. mlh;T kpFe;j Clfj;jpypUe;J mlh;T Fiwthd 
Clfj;jpw;Fr; nry;Yk; xspahdJ mjd; Neh;f;Nfhl;Lg; ghijapypUe;J tpyfpr; nry;Yk; 
vd;gjid Vw;fdNt mwpe;J itj;Js;sPh;fs;. vdNt> fz;zhb Kfitapy; cs;s ePhpd; 
topNa ngd;rpiyg; ghh;f;Fk; NghJ mJ tisthfj; njhpfpwJ.  
 
xsptpyfy; vz;:  
 
 Xh; Clfj;jpy; xsptpyfy; me;j Clfj;jpy; nry;Yk; xspapd; jpirNtfj;jpidr; 
rhh;e;jJ. xU Clfj;jpy; xspapd; jpirNtfk; mjpfkhf ,Uf;Fk;NghJ> tpyfy; FiwthfTk;> 
xspapd; jpirNtfk; Fiwthf ,Uf;Fk;NghJ> tpyfy; mjpfkhfTk; ,Uf;Fk;.  
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 xh; Clfj;jpd; xsptpyfy; msthdJ me;j Clfj;jpd; 'xsptpyfy; vz;" vDk; 
gjj;jhy; Fwpf;fg;gLfpwJ. mjhtJ> fhw;wpy; xspapd; jpirNtfj;jpw;Fk;> xU Fwpg;gpl;l 
Clfj;jpy; xspapd; jpirNtfj;jpw;Fk; ,ilNa cs;s jfT MFk;. ,jid 'jdpj;j 
xsptpyfy; vz;' (absolute refractive index) vdf; Fwpg;gpLfpNwhk;. NkYk; fpNuf;f vOj;J 'μ' 
(,jd; cr;rhpg;G kpA+). %yk; Fwpg;gplg;gLfpwJ.  

   
( )

( )

c

v
 =

fhw; wpy; xspapd; jpirNtfk;  

Clfj;jpy; xspapd; jpirNtfk; 
 

 ,uz;Lk; xNu khjphpahd mstPLfspd; jfT vd;gjhy; xsptpyfy; vz;zpw;F myF 
,y;iy. ve;jnthU Clfj;jpy; xspapd; jpirNtfk; fhw;iwtplf; Fiwthf ,Uf;fpwNjh> 
me;j xsp CLUTk; Clfj;jpd; xsptpyfy; vz; xd;iwtpl mjpfkhf ,Uf;Fk;.  
 
xU rpy nghUs;fspd; xsptpyfy; vz; nfhLf;fg;gl;Ls;sJ. 
 
nghUs;fspd; xyptpyfy; vz; 
  

nghUs;fs;  xsptpyfy; vz;  
fhw;W 1.0 
ePh; 1.33 
<jh; 1.36 
kz;nzz;nza;  1.41 
rhjhuzf; fz;zhb 1.5 
Fthh;l;]; 1.56 
ituk; 2.41 

 
 nghJthf> XH Clfj;jpd; xsptpyfy; vz;izg; nghWj;J> kw;Nwhh; Clfj;jpd; 
xsptpyfy;> vz;zhdJ jdpj;j xsptpyfy; vz;fspd; jfT %yk; jug;gLfpwJ.  

  2

1 =
,uz;lhtJClfj;jpd; jdpj;j xsptpyfy; vz;  

Kjy; Clfj;jpd; jdpj;j xsptpyfy; vz;
 

  2

1

1

C

V
C

V

 =  my;yJ 2 1
1

2

v

v
 =  

 MfNt> Xh; Clfj;jpd; xsptpyfy; vz;izg; nghWj;J kw;Nwhh; Clfj;jpd; 
xsptpyfy; vz;zhdJ> Kjy; Clfj;jpy; xspapd; jpirNtfj;jpw;Fk; ,uz;lhtJ Clfj;jpy; 
xspapd; jpirNtfj;jpw;Fk; ,ilNa cs;s jfT %yk; nfhLf;fg;gl;Ls;sJ.  
 
 fhw;wpy; xspapd; jpirNtfk; 3 × 108 kPtp-1 kw;Wk; Clfj;jpy; xspapd; jpirNtfk; 2 × 
108 kPtp-1  fhw;iwg; nghWj;J Clfj;jpy; xsptpyfy; vz;izf; fhz;f.  
jPh;T:  

 xsptpyfy; vz; ( ) =
,uz;lhtJClfj;jpd; jdpj; j xsptpyfy; vz;

Kjy; Clfj;jpd; jdpj; j xsptpyfy; vz;

(c)

(v)
  

   
8

8

3 10
1.5

2 10
 
= =


 

 
fzf;fPL 5 :  
ePhpd; xsptpyfy; vz; 4/3 kw;Wk; fz;zhbapd; xsptpyfy; vz; 3/2. ePhpd; xsptpyfy; 
vz;izg; nghWj;J fz;zhbapd; xsptpyfy; vz;izf; fhz;f.  
jPh;T:  
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   =fz;zhb

ehP ;

fz;zhbapd; xsptpyfy; vz;

ehP pd; xsptpyfy; vz; 
 

   

3
92 1.125

4 8

3

= = =  

 
xsptpyfYf;fhd ];ney; tpjp:  
 
 xspf;fjph;fs; XH Clfj;jpypUe;J kw;Nwhh; Clfj;jpw;Fg; gazpf;Fk; NghJ Vw;gLk; 
xsptpyfyhdJ xU tpjpfSf;F cl;gLfpwJ. ,it> xsptpyfYf;fhd ];ney; tpjpfs; 
vdg;gLfpd;wd.  
 

1. gLfjph;> tpyFfjph; kw;Wk; mit re;jpf;Fk; Gs;spapy; tiuag;gl;l Fj;Jf;NfhL 
Mfpait midj;Jk; xNu jsj;jpy; mikAk;.  
 

2. gLNfhzj;jpd; ird; kjpg;gpw;Fk; (i) tpyFNfhzj;jpd; ird; kjpg;gpw;Fk; (r) ,ilNa 
cs;s jfT> xsptpyfy; vz;zpw;Fr; rkkhFk;. ,J xU khwpyp MFk;.  

   
 
 Nkw;fz;l nray;ghLfspypUe;J Kjy; Kg;gl;lfj;jpy; ntz;ik epw xspahdJ VO 
tz;zq;fshf epwg;gphpif milfpwJ. mNjNtisapy; ,uz;lhtJ Kg;gl;lfkhdJ ,tw;iw 
xUq;fpizj;J kPz;Lk; ntz;ik epw xspahf khw;WfpwJ. ntz;ik epw xspahdJ VO 
tz;zq;fisf; nfhz;Ls;sJ vd;gJ ,jd;%yk; njspthfpwJ. epA+l;ld; jl;Lr; Nrhjidia 
ePq;fs; Vohk; tFg;gpy; gapd;Ws;sPh;fs; my;yth? mjid epidTf;Ff; nfhz;L tu 
KaYq;fs;.  
 
 xsp CLUTk; Clfj;jpd; topNa ntz;ikepw xspahdJ nry;Yk;NghJ VO 
tz;zq;fshfg; (miyePsk;) gphpif milfpwJ. ,jid 'epwg;gphpif' vd;wiof;fpNwhk;.  
 
 epwg;gphpif Vd; Vw;gLfpwJ? ntz;ikepw xspapy; cs;s gy;NtW tz;zq;fs; 
gy;NtW miyePsq;fisf; nfhz;Ls;sd. NkYk;> mit ntt;NtW jpirNtfj;jpy; 
nry;yf;$bait. xU Clfj;jpy; xsptpyfyhdJ me;j Clfj;jpy; xspapd; jpirNtfj;ijr; 
rhh;e;jJ vd;gJ cq;fSf;Fj; njhpAk;. xt;nthU tz;zKk; ntt;NtW jpirNtfj;ijf; 
nfhz;Ls;sjhy; ntt;NtW tz;z xspf;fjph;fs; Kg;gl;lfj;jpw;Fs; ntt;NtW jpirfspy; 
tpyfyile;J gphpif milfpd;wd. xsptpyfy; mjd; miyePsj;jpw;F vjph;j; jftpy; 
cs;sJ.  
vdNt> rptg;G epw xspf; fjpuhdJ mjpf miyePsj;ijAk;> Fiwe;j tpyfiyAk;; 
nfhz;Ls;sJ. Mdhy; Cjh epwf; fjph; Fiwe;j miyePsj;ijAk;> mjpf msT tpyfiyAk; 
nfhz;Ls;sJ.  
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9th mwptpay; 

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):  
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 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 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;:  
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 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 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;.  
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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;  
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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  
 
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.  
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• 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

= −  

,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

−
+ =  
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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 / h1 vd;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

−
= = = −  

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;.  
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 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; 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; 
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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.  
 
 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.  
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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: 1µ2 f;F my;y ,y;iy. Vnddpy;> mJ xU xj;j msTfspd; jfT.  
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;
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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;.  
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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:  
 
 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;.  

 
epidtpy; nfhs;f:  
 

• fhl;rpia Vw;gLj;jf; $ba xU tif kpd;fhe;j Mw;wy; xsp MFk;.  
 

• vjpnuhspg;G tpjpfs;: gLNfhzKk; vjpnuhspg;Gf; NfhzKk; rkk; gL fjph;> 
vjpnuhspg;Gf;fjph;> gL Gs;spf;F tiuag;gl;l Fj;Jf;NfhL Mfpa %d;Wk; xNu jsj;jpy; 
mikfpd;wd.  

 

• vjpnuhspg;G tpjpfs;: gLNfhzKk; vjpnuhspg;Gf; NfhzKk; rkk; gL fjph;> 
vjpnuhspg;Gf;fjph;> gL Gs;spf:F tiuag;gl;l Fj;Jf;NfhL Mfpa %d;Wk; xNu 
jsj;jpy; mikfpd;wd.  

 

• Nfhsf Mbapd; Mb ikaj;jpw;Fk; Kf;fpaf; Ftpaj;jpw;Fk; ,ilg;gl;l J}uk; Ftpaj; 

njhiyT vdg;gLk; ,J tisT Muj;jpy; (R) ghjpasT ,Uf;Fk;. 
2

R
f =  
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• Nfhsf Mbnahd;wpd; Mfpatw;wpw;fpilNaahd njhlh;G 
1 1 1

f u v
= +  

• cUg;ngUf;fk; 2

1

h
m

h
=
gpk; gj; jpd; cauk;

nghUspd; cauk;
 

• xsptpyfy; tpjpfs;: gL fjph;> tpyF fjph;> ,U Clfq;fisg; gphpf;Fk; gug;gpw;F 
tiuag;gl;l Fj;Jf;NfhL Mfpa %d;Wk; xNu jsj;jpy; mikfpd;wd.  
 

• Xh; xspGFk; Clfj;jpypUe;J kw;Nwhh; xspGFk; Clfj;jpw;F xsp rha;thfr; nry;Yk; 
NghJ Vw;gLk; ghij tpyfy; xsptpyfy; vdg;gLk;.  
 

• khWepiyf; Nfhzj;ij tpl gLNfhzk; mjpfkhf cs;sNghJ> tpyFfjph; Vw;gl 
tha;g;gpy;iy> r > 90º Mf ,Uf;Fk; NghJ xsptpyfy; Vw;glhJ. vdNt> xspf;fjph; 
mNj Clfj;jpNyNa (mlh;kpF Clfk;) KOJk; vjpnuhspf;fg;gLk;. ,J KO mf 
vjpnuhspg;G vdg;gLk;.  
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10th mwptpay; 

myF–2 xspapay; 

 
mwpKfk;:  
 
 ‘xsp’ vd;gJ xU tif Mw;wy;. ,J miytbtpy; guTfpwJ. xsp nry;Yk; ghij> 
‘xspf;fjph;’ vd;Wk; xspf;fjph;fspd; njhFg;G ‘xspf;fw;iw’ vd;Wk; miof;fg;gLfpwJ. xspia 
ntsptpLk; nghUs;fs; ‘xsp%yq;fs;’ vdg;gLfpd;wd. rpy xsp %yq;fs; jq;fSila Ra 
xspia ntspapLfpd;wd. ,it ‘xspUk; nghUs;fs;’ (luminous objects) vd;W 
miof;fg;gLfpd;wd. #hpad; cs;spl;l midj;J tpz;kPd;fSk; xspUk; nghUs;fSf;F 
vLj;Jf;fhl;Lfs; MFk;. fz;fspd; cjtpahy; jhd; ek;khy; nghUs;fisf; fhz KbfpwJ 
vd;gij mwpe;jpUg;gPh;fs;. Mdhy Xh; ,Us; epiwe;j miwapy; cs;s nghUs;fisf; 
fz;fshy; fhz Kbtjpy;iy. Vd; vd;W tpsf;f KbAkh? Mk;. nghUs;fisf; fhz ekf;F 
xsp Njit. xsp tpsf;fpy; ,Ue;J tUk; xspf; fjph;fis Neubahf ek fz;fspd; kPJ tpor; 
nra;jhy; nghUs;fisf; fhz KbAkh? epr;rakhf KbahJ. xspf;fjph;fs; nghUs;fspd; kPJ 
gl;L mtw;wpypUe;J vjpnuhspf;fg;gl;l fjph;fs; ek; fz;fis mile;jhy;jhd; nghUs;fisf; 
fhz ,aYk;. xsp vjpnuhspj;jy; kw;Wk; xsp tpyfy; Fwpj;J Ke;ija tFg;Gfspy; 
fw;wpUg;gPh;fs;. ,g;ghlj;jpy; xspr;rpjwy;> Ftp nyd;R kw;Wk; Fop nyd;R cUthf;Fk; 
gpk;gq;fs;> kdpjf; fz;> Ez;Nzhf;fpfs; kw;Wk; njhiyNehf;fpfs; Nghd;w xspapay; 
fUtpfs; Fwpj;J fw;f cs;Nshk;.  
 
xspapd; gz;Gfs;:  
 
Kjypy; xspapd; gz;Gfs; kw;Wk; xsptpyfy; Mfpatw;iw epidT $h;Nthk;.  
 

1. xsp vd;gJ xUtif Mw;wy;  
 

2. xsp vg;NghJk; Neh;f;Nfhl;by; nry;fpwJ. 
 

3. xsp guTtjw;F Clfk; Njitapy;iy. ntw;wplj;jpd; topahff; $l xspf;fjph; 
nry;Yk;.  
 

4. fhw;wpy; my;yJ ntw;wplj;jpy; xspapd; jpirNtfk; C = 3 × 108 kPtp-1 
5. xspahdJ miy tbtpy; nry;tjhy; mJ miyePsk; (λ) kw;Wk; mjph;ntz; (v) Mfpa 

gz;Gfisg; ngw;wpUf;Fk;. ,it C = vλ vd;w rkd;ghl;bd; %yk; 
njhlh;GgLj;jg;gLfpwJ.  
 

6. xspapd; ntt;NtW epwq;fs; ntt;NtW miy ePsq;fisAk;> mjph;ntz;fisAk; 
ngw;wpUf;Fk;.  
 

7. fz;ZW xspapy; Cjh epwk; Fiwe;j miy ePsj;ijAk;> rptg;G epwk; mjpf miy 
ePsj;ijAk; nfhz;bUf;Fk;.  
 

8. xspahdJ ,U NtW Clfq;fspd; ,ilKfg;ig milAk; NghJ> mJ gFjpasT 
vjpnuhspf;Fk;> gFjpasT tpyfy; milAk;.  
 

xsp tpyfy;:  
 
 xspf;fjpnuhd;W Xh; xsp GFk; Clfj;jpy; ,Ue;J kw;Nwhh; xspGFk; Clfj;jpw;Fr; 
rha;thfr; nry;Yk; NghJ> xspf;fjph; jd; ghijapy; ,Ue;J tpyfpr; nry;fpwJ. xspf;fjphpd; 
ghijapy; Vw;gLk; ,e;j tpyfy; ‘xsptpyfy;’ vdg;gLfpwJ. xspahdJ ntt;NtW Clfj;jpy;> 
ntt;NtW jpirNtfj;jpy; nry;tjhy; xsptpyfy; Vw;gLfpwJ. xspapd; jpir Ntfk;> mlh;T 
Fiwe;j Clfj;jpy; mjpfkhfTk;> mlh;T kpFe;j Clfj;jpy; FiwthfTk; ,Uf;Fk;.  
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xsptpyfyhdJ> ,U xsptpyfy; tpjpfSf;F cl;gl;L mikfpwJ.  
 
xsptpyfypd; Kjy; tpjp:  
 
 xspf;fjph; Xh; Clfj;jpypUe;J> kw;Nwhh; Clfj;jpw;Fr; nry;Yk;NghJ> gLfjph;> 
tpyFfjph;> gLGs;spapy; tpyfy; milAk; gug;Gf;Fr; nrq;Fj;jhf tiuag;gLk; NfhL 
Mfpait xNu jsj;jpy; mikfpd;wd.  
 
,uz;lhk; tpjp:  
 
 xspf;fjph; Xh; Clfj;jpypUe;J> kw;Nwhh; Clfj;jpw;Fr; nry;Yk;NghJ> gLNfhzj;jpd; 
ird; kjpg;gpw;Fk;> tpyF Nfhzj;jpd; ird;kjpg;gpw;Fk; ,ilNa cs;s jfthdJ mt;tpU 
Clfq;fspd; xsptpyfy; vz;fspd; jftpw;F rkk;. ,t;tpjp ‘];ney; tpjp” vd;Wk; 
miof;fg;gLfpwJ.  

   2

1

sin

sin

i

r
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
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• xsptpyfy; vz;zhdJ Xh; Clfj;jpy; xspf;fjphpd; jpirNtfk; vt;thW ,Uf;Fk; 
vd;gijj; njhptpf;fpd;wJ. fhw;wpy; my;yJ ntw;wplj;jpy; xspapd; xspapd; 
jpirNtfj;jpw;Fk;. kw;Nwhh; Clfj;jpy; xspapd; jpirNtfj;jpw;Fk; ,ilNa cs;s 
jfT xsptpyfy; vz; (µ) vd;Wk; tiuaWf;fg;gLfpwJ.  
 

• xspapd; jpirNtfkhdJ xsptpyfy; vz; mjpfk; cs;s Clfj;jpy; FiwthfTk;> 
xsptpyfy; vz; Fiwthf cs;s Clj;jpy; mjpfkhfTk; mikAk;.  
 

• Xh; xspf;fjpuhdJ mlh;T kpF Clfj;jpypUe;J mlh;T Fiwe;j Clfj;jpw;Fr; nry;Yk; 
NghJ tpyF fjph; nrq;Fj;J Nfhl;il tpl;L tpyfpr;nry;Yk;.  
 

• xspf;fjph; mlh;T Fiwe;j Clfj;jpypUe;J> mlh;T kpF Clfj;jpw;Fr; nry;Yk; NghJ 
nrq;Fj;J Nfhl;il Nehf;fp tpyfpr; nry;Yk;.  
 

$l;nlhspapy; Vw;gLk; xsp tpyfy;:  
 
#hpad; ,aw;ifapy; mike;j xsp %yk; vd;W ehk; mwpe;jpUf;fpNwhk;. Xh; xsp %ykhdJ 
xNu xU epwj;ijf; nfhz;l xspia ntspapLkhdhy; mJ  ‘xw;iwepw xsp%yk;’ vdg;gLk;. 
Mdhy; $l;nlhsp %yq;fs; (Composite Sources) gy;NtW epwq;fis cs;slf;fpa 
nts;nshspiaj; jUfpd;wd. vdNt #hpa xspahdJ gy;NtW epwq;fis my;yJ miy 
ePsq;fisf; nfhz;l $l;nlhsp MFk;. $l;nlhsp %yj;jpw;F kw;Nwhh; vLj;Jf;fhl;L ghjur 
Mtptpsf;F MFk;. nts;nshspia xU fz;zhb Kg;gl;lfj;jpd; topahfr; nrYj;jp 
ntsptUk; xspf;fjph;fis cw;W Nehf;Fk; NghJ vd;d epfo;fpwJ?  
 
 nts;nshspf; fw;iwahdJ> fz;zhb> ePh; Nghd;w xspGFk; Clfj;jpy; xsptpyfy; 
milAk;NghJ mjpy; cs;s epwq;fs; jdpj; jdpahfg; gphpif milfpd;wd. ,e;epfo;T 
‘epwg;gphpif’ vdg;gLk;.  
 
 epwq;fspd; njhFg;ghdJ ‘epwkhiy’ vd;W miof;fg;gLfpwJ. epwkhiyahdJ Cjh> 
fUePyk; (Indigo), ePyk;> gr;ir> kQ;rs;> MuQ;R kw;Wk; rptg;G Mfpa epwq;fisf; 
nfhz;Ls;sJ.  
 
 kw;Wk; rptg;G Mfpa epwq;fisf; nfhz;Ls;sJ. ,e;epwq;fs; “VIBGYOR’ vd;w 
RUf;ff; FwpaPl;bd; %yk; Fwpg;gplg;gLfpwJ. nts;nshspahdJ> xspGFk; Clfj;jpy; nry;Yk; 
NghJ ntt;NtW epwq;fs; Vw;glf; fhuzk;jhd; vd;d? nts;NshspahdJ xspGFk; Clfj;jpy; 
nry;Yk;NghJ ntt;NtW epwq;fs; ntt;NtW Nfhz msTfspy; tpyfy; miltjhy; 
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epwg;gphpif Vw;gl;L epwkhiy Njhd;WfpwJ. Clfj;jpy; xspf;fjphpd; tpyF NfhzkhdJ 
epwq;fisg; nghWj;J khWgLfpwJ.  
 
 fz;ZW xspapy; rptg;G epwk;> kpff; Fiwe;j tpyF Nfhzj;ijAk;> Cjh epwk; kpf 
mjpfkhd tpyF Nfhzj;ijAk; ngw;Ws;sd. ];ney; tpjpg;gb> tpyFNfhzkhdJ Clfj;jpd; 
xsptpyfy; vz;izr; rhh;e;J mikAk;. ntt;NtW epwq;fSf;F Clfj;jpd; xsptpyfy; vz; 
ntt;Ntwhf ,Uf;Fk;. vdNt> xU Clfj;jpd; xsptpyfy; vz; xspf;fjphpd; miyePsj;ijr; 
rhh;e;jJ vd mwpayhk;.  
 
xspr;rpjwy;:  
 
 #hpa xsp> Gtpapd; tspkz;lyj;jpy; EioAk; NghJ> tspkz;lyj;jpy; cs;s gy;NtW 
thA mZf;fs; kw;Wk; %yf;$Wfshy; midj;J jpirfspYk; tpyfy; milar; 
nra;ag;gLfpwJ. ,e;epfo;T ‘xspr;rpjwy;” vdg;gLfpwJ. ,e;epfo;tpy; xspf;fw;iwahdJ 
Clfj;jpy; (fhw;wpy;) cs;s Jfs;fSld; ,iltpidapy; <LgLk; NghJ> mit midj;Jj; 
jpirfspYk;> jpUg;gp tplg;gl;Lr; rpjwy; epfo;fpwJ. ,iltpidapy; <LgLk; Jfs; rpjwiy 
cz;lhf;Fk; Jfs; (Scatterer) vdg;gLfpwJ.  
 

 
 
xspr;rpjwypd; tiffs;:  
 
 xspf;fw;iwahdJ> Clfj;jpy; cs;s Jfs;fSld; ,iltpidahw;Wk; NghJ> gy;NtW 
tifahd rpjwy;fs; Vw;gLfpd;wd.  
 
 xspf;fw;iwapd; njhlf;f kw;Wk; ,Wjp Mw;wiy mbg;gilahff; nfhz;L> 
xspr;rpjwiy 1. kPl;rpr; rpjwy; kw;Wk; 2. kPl;rpaw;w rpjwy; vd ,Utiffshfg; gphpf;fyhk;.  
 
 
kPl;rpaw;w rpjwy;:  
 
 rpjwy; milAk; xspf;fw;iwapd; njhlf;f kw;Wk; ,Wjp Mw;wy;fs; rkkw;W ,Ug;gpd; 
mr;rpjwy; kPl;rpaw;w rpjwy; vdg;gLk;.  
 
kPl;rpaw;w rpjwy;:  
 
 rpjwiy cz;lhf;Fk; Jfspd; jd;ik kw;Wk; msitg; (size) nghWj;J rpjwiyf; 
fPo;fz;lthW tifg;gLj;jyhk;.  
 
uhNy xspr;rpjwy;> kP xspr;rpjwy;> bz;lhy; xspf;rpjwy;> ,uhkd; xspr;rpjwy;  
 
uhNy xspr;rpjwy;:  
 
 #hpadpypUe;J tUk; xspf;fjph;fs; tspkz;lyj;jpy; cs;s thA mZf;fs; kw;Wk; 
%yf;$Wfshy; rpjwybf;fg;gLtNj ‘uhNy xspr;rpjwy;’ MFk;.  
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uhNy rpjwy; tpjp:  
 
 Xh; xspf;fjph; rpjwyilAk; msthdJ> mjd; miyePsj;jpd; ehd;kbf;F vjph;j; jfty; 
,Uf;Fk;.  
 

  rpjwy; msT 
4

1


  

 ,t;tpjpapd; gb> Fiwe;j miyePsk; nfhz;l epwkhdJ> mjpf miyePsk; nfhz;l 
epwj;ij tpl mjfkhf rpjwy; milfpwJ.  
 
 #hpa xspahdJ tspkz;lyj;jpd; topahfr; nry;Yk; NghJ> Fiwe;j miyePsk; 
cila ePy epwkhdJ> mjpf miyePsk; nfhz;l rptg;G epwj;ij tpl mjpfkhf rpjwy; 
milfpwJ. ,jdhy; thdk; ePy epwkhfj; Njhd;WfpwJ.  
 
 #hpa cjak; kw;Wk; kiwtpd;NghJ> #hpa xspahdJ> ez;gfypy; ,Ug;gij tpl 
tspkz;lyj;jpy; mjpfj; njhiyT nry;y Ntz;bapUf;fpwJ. vdNt ePy epw xspahdJ 
Kw;wpYkhfr; rpjwyile;J nrd;WtpLtjhy;> Fiwthfr; rpjwy; mile;j rptg;G epw xspNa 
ek;ik milfpwJ. vdNt> #hpa cjak; kw;Wk; kiwtpd; NghJ #hpad; rptg;ghff; 
fhl;rpaspf;fpwJ.  
 
‘kP’ – xspr;rpjwy; (Mie-Scattering):  
 
 xspr; rpjwiy Vw;gLj;Jk; Jfspd; tpl;lkhdJ> gLk; xspf;fjphpd; miyePsj;jpw;Fr; 
rkkhfNth my;yJ miyePsj;ij tpl mjpfkhfNth ,Uf;Fk; NghJ kP-xspr;rpjwy; 
Vw;gLfpwJ. ,r;rpjwy; kPl;rp rpjwy; tifia rhh;e;jJ. NkYk; rpjwy; msthdJ xspf;fjphpd; 
miyePsj;ijr; rhh;e;jJ md;W.  
 
 tspkz;lyj;jpd; fPo; mLf;Fg;gFjpapy; cs;s J}R> Gif> ePh;j;Jspfs; kw;Wk; rpy 
Jfs;fshy; kP – rpjwy; Vw;gLfpwJ.  
 
 Nkff;$l;lq;fs; ntz;ik epwkhff; fhl;rpaspf;f kP-rpjwy; fhuzkhf mikfpwJ. 
nts;nshspahdJ Nkfj;jpy; cs;s ePh;j;Jspfspd; kPJ gLk;NghJ> me;ePh;j; Jspfs; midj;J 
epwq;fisAk; rkkhfr; rpjwy; milar; nra;fpd;wd.  
 
kpf Ez;zpa Jfs;fs; kw;nwhU nghUspy; rk mstpy; tputp ,Ug;gij $o;kk; 
vd;fpNwhk;. v.fh. ghy;> Gif> I];fphP]; kw;Wk; fyq;fyhd ePh;  
 
 ,jdhy; rpjwy; mile;j midj;J epwq;fSk; xd;whfr; Nrh;e;J ntz;ik epwkhf 
khWfpd;wd.  
 
bz;lhy; xspr;rpjwy;:  
  
 #hpa xspf;fw;iwahdJ> J}Rfs; epiwe;j Xh; miwapd; rhsuj;jpd; topNa EioAk; 
NghJ xspf;fw;iwapd; ghij ekf;Fj; njspthfg; GydhfpwJ. miwapy; cs;s fhw;wpy; 
fye;jpUf;Fk; J}Rfshy; xspf;fw;iwahdJ rpjwybf;fg;gLtjhy; xspf;fw;iwapd; ghij 
GydhfpwJ. ,e;epfo;T bz;lhy; xspr;rpjwYf;F vLj;Jf;fhl;L MFk;.  

 
 xU $o;kf; fiurypy; cs;s $o;kj;Jfs;fshy;> xspf;fjph;fs; rpjwybf;fg;gLfpd;w 
epfo;T bz;lhy; xspr;rpjwy; my;yJ bz;lhy; tpisT vdg;gLk;.  
 
,uhkd; xspr;rpjwy;:  
 
 thAf;fs; my;yJ jputq;fs; my;yJ xsp GFk; jd;ik nfhz;l jpz;kq;fspd; 
topahf xw;iw epw xspahdJ ,izf; fw;iwfshfr; nry;Yk; NghJ mtw;wpd; xU gFjp 
rpjwy; milfpwJ. rpjwyile;j fjpuhdJ> gLfpd;w fjphpd; mjph;ntz;izj; jtpu rpy gFjp 
mjph;ntz;fisAk; cs;slf;fpajhf ,Uf;Fk;. ,e;epfo;T ‘,uhkd; xspr;rpjwy;’ vdg;gLfpwJ.  
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 xspf;fjpuhdJ> J}a jputq;fs; kw;Wk; xsp GFk; jd;ik nfhz;l jpz;kq;fspy; cs;s 
Jfs;fSld; ,iltpid Ghptjd; fhuzkhf xspf;fjphpd; miyePsk; kw;Wk; mjph;ntz;zpy; 
khw;wq;fs; Vw;gLk; epfo;it ‘,uhkd; xspr;rpjwy;’ vd tiuaWf;fyhk;.  
 
 gLfjphpd; mjph;ntz;Zf;Fr; rkkhd mjph;ntz;izf; nfhz;l epwkhiy thpfs; 
‘uhNy thpfs;’ vd;Wk;> Gjpa mjph;ntz;fisf; nfhz;l epwkhiy thpfs; ‘,uhkd; thpfs;’ 
vd;Wk; miof;fg;gLfpd;wd.  
 
 gLfjphpd; mjph;ntz;iztplf; Fiwthd mjph;ntz; nfhz;l epwkhiy thpfis 
‘];Nlhf; thpfs;’ vd;Wk;> gLfjphpd; mjph;ntz;iztpl mjpfkhd mjph;ntz;izf; nfhz;l 
epwkhiy thpfis ‘Mz;b];Nlhf;thpfs;’ vd;Wk; miof;fpNwhk;.  
 
,uhkd; tpisitg; gw;wp NkYk; tphpthf cah;tFg;Gfspy; fw;fyhk;.  
 
nyd;Rfs;:  
 
 ,U gug;GfSf;F ,ilg;gl;l xspGFk; jd;ik nfhz;l Clfk; ‘nyd;R’ vdg;gLk;. 
,g;gug;Gfs; ,uz;Lk; Nfhsfg; gug;GfshfNth my;yJ xU Nfhsfg; gug;Gk;> xU rkjsg; 
gug;Gk; nfhz;ljhfNth mike;jpUf;Fk;. nghJthf nyd;Rfs; 1. Ftpnyd;R 2. Fopnyd;;R 
vd ,U tiffshf tifg;gLj;jg;gLfpd;wd.  
 
1. Ftpnyd;R my;yJ ,UGwf; Ftpnyd;R:  

,it ,UGwKk; Nfhsfg; gug;Gfisf; nfhz;lJ. ,it ikaj;jpy; jbj;Jk;> Xuq;fspy; 
nkype;Jk; fhzg;gLk;. ,tw;wpd; topahfr; nry;Yk; ,izahd xspf;fw;iwfs; xU 
Gs;spapy; Ftpf;fg;gLfpd;wd. vdNt ,it ‘Ftpf;Fk; nyd;Rfs;’ vd;W 
miof;fg;gLfpd;wd.  
 

2. Fopnyd;R my;yJ ,UGwf; Fopnyd;R:  
,it ,UGwKk; cs;s Nehf;fpf; Fope;j Nfhsfg; gug;Gfisf; nfhz;lJ. ,it 
ikaj;jpy; nkype;Jk;> Xuq;fspy; jbj;Jk; fhzg;gLk;. ,tw;wpd; topahfr; nry;Yk; 
,izahd xspf;fw;iwfs; tphpe;J nry;fpd;wd. vdNt ,it ‘tphpf;Fk; nyd;Rfs;’ vd;W 
miof;fg;gLfpd;wd.  

 
gpwtif nyd;Rfs;:  
 
jl;lf; Ftpnyd;R: XH; ,UGw Ftpnyd;rpd; xU gug;G rkjsg; gug;ghf mike;jpUe;jhy; mJ 
jl;lf; Ftpnyd;R vdg;gLk;.  
 
jl;lf; Fopnyd;R: XH; ,UGw Fopnyd;rpd; xU gug;G rkjsg; gug;ghf mike;jpUe;jhy; mJ 
jl;lf; Fopnyd;R vdg;gLk;.  
 
gy;NtW tifahd nyd;Rfs; fhl;lg;gl;Ls;sd.  

 
Ftpnyd;R kw;Wk; Fopnyd;rpy; eilngWk; xsptpyfyhy; gpk;gq;fs; Njhd;Wjy;:  
 
 nghUnshd;W nyd;rpw;F Kd;ghf itf;fg;gLk; NghJ> nghUspypUe;J tUk; 
xspf;fjph;fs; nyd;rpd; kPJ tpOe;J gpk;gq;fs; Njhw;Wtpf;fg;gLfpd;wd. nyd;rpdhy; 
Njhw;Wtpf;fg;gLk; gpk;gj;jpd; epiy> msT kw;Wk; jd;ik Mfpatw;iwg; Ghpe;J nfhs;s rpy 
mbg;gil tpjpfs; njhpe;jpUf;f Ntz;Lk;. ,t;tpjpfisg; gpd;gw;wpNa nyd;Rfshy; 
cUthf;fg;gLk; gpk;gq;fs; Fwpj;Jg; gFj;jwpa Ntz;Lk;.  
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tpjp 1:  
xspf;fjpuhdJ xU Ftpnyd;R my;yJ Fopnyd;rpd; xspapay; ikaj;jpd; topahfr; 
nry;Yk; NghJ tpyfyilahky; mNj ghijapy; nry;fpwJ.  
 
tpjp 2  
Kjd;ik mr;Rf;F ,izahf tUk; xspf;fjph;fs;> Ftpnyd;rpd; kPJ gLk;NghJ 
Kjd;ikf; Ftpaj;jpy; Ftpf;fg;gLk;. Fopnyd;rpd; kPJ gLk;NghJ Kjd;ikf; 
Ftpaj;jpypUe;J tpyfyile;J nry;tJ Nghy; Njhd;Wk;.  
 

  
tpjp 3 :  
Kjd;ikf;Ftpak; topahfr; nrd;W Ftpnyd;rpd; kPJ tpOk; xspf;fjph;fSk;> Kjd;ikf; 
Ftpaj;ij Nehf;fpr; nrd;W Fopnyd;rpd; kPJ tpOk; xspf;fjph;fSk; tpyfyile;j gpwF 
Kjd;ik mr;Rf;F ,izahfr; nry;Yk;.  
 

 
 
Ftpnyd;rpd; topahf xsptpyfy;:  
 
ntt;NtW njhiyTfspy; nghUs; itf;fg;gLk; NghJ> Ftpnyd;rpdhy; cUthf;fg;gLk; 
gpk;gq;fs; Fwpj;J tphpthff; fhz;Nghk;.  
 
nghUs; <wpyhj; njhiytpy; cs;s NghJ  
nghUs; <wpyhj; njhiytpy; itf;fg;gLk; NghJ> Kjd;ikf; Ftpaj;jpy; nka;g;gpk;gk; 
cUthf;fg;gLfpwJ. gpk;gj;jpd; msT nghUspd; msittplg; gyklq;F rpwpajhf 
,Uf;Fk;.  
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nghUs; C f;F mg;ghy; itf;fg;gLk; NghJ (>2F) 
nghUshdJ tisT ikaj;jpw;F mg;ghy; itf;fg;gLk; NghJ> rpwpa jiyfPohd> 
nka;g; gpk;gkhdJ nyd;rpd; kWGwk; tisT ikaj;jpw;Fk;> Kjd;ikf; Ftpaj;jpw;Fk; 
,ilNa Njhd;WfpwJ.  
 

 
nghUs; C y; itf;fg;gLk; NghJ 
nghUnshd;W Ftpnyd;rpd; tisT ikaj;jpy; itf;fg;gLk; NghJ> mNj mstpyhd> 
jiyfPohd> nka;g;gpk;gk; nyd;rpd; kw;nwhU gf;fj;jpd; tisT ikaj;jpy; 
fpilf;fpwJ.  
 

 
nghUs; F f;Fk; C f;Fk; ,ilNa itf;fg;gLk; nghOJ.  
nghUnshd;W> Ftpnyd;rpd; tisT ikaj;jpw;Fk;> Kf;fpa Ftpaj;jpw;Fk; ,ilNa 
itf;fg;gLk; NghJ mstpy; nghpa> jiyfPohd> nka;g;gpk;gk; nyd;rpd; kWGwj;jpy; 
tisT ikaj;jpw;F mg;ghy; cUthfpwJ.  
 



 

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

 

 
 
nghUs; Kjd;ikf; Ftpaj;jpy; itf;fg;gLk; nghOJ>  nghUnshd;W> Ftpnyd;rpd; 
Kjd;ikf; Ftpaj;jpy; itf;fg;gLk; NghJ> mstpy; nghpa jiyfPohd> nka;g;gpk;gk; <wpyhj; 
njhiytpy; cUthf;fg;gLfpwJ.  

 
nghUs; Kjd;ikf; Ftpak; F kw;Wk; xspapay; ikak; O Mfpatw;Wf;F ,ilNa 
itf;fg;gLk; NghJ.  
nghUnshd;W> Ftpnyd;rpd; Kjd;ikf; Ftpaj;jpw;Fk;> xspapay; ikaj;jpw;Fk; 
,ilNa itf;fg;gLk; NghJ> mstpy; nghpa> Neuhd khag;gpk;gj;ijg; nghUs; 
,Uf;Fk; mNj gf;fj;jpy; cUthf;FfpwJ.  
 

Ftpnyd;rpd; gad;ghLfs;:  
 
1. ,it xspg;glf; fUtpapy; gad;gLfpd;wd.  
2. ,it cUg;ngUf;Fk; fz;zhbfshfg; gad;gLfpd;wd.  
3. ,it Ez;Nzhf;fpfs;> njhiyNehf;fpfs; kw;Wk; eOtg;gl tPo;j;jpfs; (Slide Projector) 

Nghd;wtw;wpd; cUthf;fj;jpy; gad;gLfpd;wd.  
4. J}ug;ghh;it vd;w ghh;itf; Fiwghl;ilr; rhp nra;ag; gad;gLfpd;wd.  

 
Fopnyd;rpd; topahf xsp tpyfy;:  
 
Fopnyd;rpd; Kd;ghf tha;g;Gs;s ,uz;L epiyfspy; nghUs; itf;fg;gLk; NghJ 
cUthf;fg;gLk; gpk;gq;fs; Fwpj;Jf; fhz;Nghk;.  
 
nghUs; <wpyhj; njhiytpy; cs;s nghOJ  
 
 nghUnshd;W> Fop nyd;rd; Kd;ghf> <wpyhj; njhiytpy; itf;fg;gLk; NghJ> Neuhd> 
kpfr;;rpwpa khag;gpk;gk; Fopnyd;rd; Kjd;ikf; Ftpaj;jpy; cUthf;fg;gLfpwJ.  
 

  
nghUshdJ mstplf;$ba njhiytpy; itf;gg;gLk; NghJ  
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nghUnshd;W Fopnyd;rpw;F Kd;ghf> mstplf;$ba njhiytpy; itf;fg;gLk; NghJ> 
Fopnyd;rpd; xspapay; ikaj;jpw;Fk;> Kjd;ikf; Ftpaj;jpw;Fk; ,ilNa Neuhd> rpwpa 
khag;gpk;gj;ij cUthf;FfpwJ.  

 
 
 nyd;rpw;Fk; nghUSf;Fk; ,ilNa cs;s njhiyT FiwAk; NghJ> gpk;gj;jpw;Fk; 
nyd;rpw;Fk; ,ilNa cs;s njhiyTk; FiwfpwJ. NkYk; gpk;gj;jpd; msT mjpfhpf;fpwJ.  

 
Fopnyd;rpd; gad;ghLfs;:  
 
1. ,it fypypNah njhiyNehf;fpapy; fz;zUF nyd;rhfg; gad;gLfpd;wd.  
2. ,it ntspahl;fisj; njhpe;Jnfhs;s tPl;bd; fjTfspy; Vw;gLj;jg;gLk; csTj; 

Jisfspy; nghUj;jg;gLfpd;wd.  
 

3. ,it fpllg;ghh;it vd;Dk; ghh;itf; Fiwghl;ilr; rhp nra;ag; gad;gLfpd;wd. 
 

nyd;R rkd;ghL:  
  
Nfhsf Mbfspd; Mbr;rkd;ghl;ilg; NghyNt> Nfhsf nyd;RfSf;F nyd;R rkd;ghL 
cUthf;fg;gl;bUf;fpwJ. ,r; rkd;ghL nghUspd; njiyT (u), gpk;gj;jpd; njhiyT (v) 
kw;Wk; Ftpaj; njhiyT (f) Mfpatw;iwj; njhlh;G gLj;JfpwJ.  
   nyd;R rkd;ghlhdJ>  

1 1 1

f v u
= −  vdf; Fwpf;fg;gLfpwJ.  

,J Ftpnyd;R kw;Wk; Fopnyd;R Mfpatw;wpw;Fg; nghJthdJ.  
 
 nyd;R njhlh;ghd fzf;FfSf;F tpilfhz Kw;gLk; NghJ> gad;gLj;jg;gLk; 
msTfSf;fhd jFe;j FwpaPl;bid kpFe;j ftdj;Jld; ifahs Ntz;Lk;.  
 
FwpaPl;L kuG:  
 
 nyd;Rfspd; fjph; tiuglq;fspy; gy;NtW njhiyTfis mstpLtjw;Ff; fhh;Brpad; 
FwpaPl;L kuG gad;gLj;jg;gLfpwJ. ,f;FwpaPl;L kugpd; gb>  
1. nghUs; vg;NghJk; nyd;rpw;F ,lg;gf;fk; itf;fg;gl Ntz;Lk;  

 
2. midj;J njhiyTfSk;> xspapay; ikaj;jpypUe;Nj msf;fg;gl Ntz;Lk;.  

 
3. gLfjphpd; jpirapy; Nkw;nfhs;sg;gLk; mstPLfis Neh;Fwpahff; nfhs;s Ntz;Lk;.  
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1. gLfjphpd; jpirf;F vjphj;jpirapy; Nkw;nfhs;sg;gLk; mstPLfis vjph;Fwpahff; 
nfhs;s Ntz;Lk;.  
 

2. Kjd;ik mr;Rf;Fr; nrq;Fj;jhf Nky;Nehf;fp  msf;fg;gLk; msTfis Neh;Fwpahff; 
nfhs;s Ntz;Lk;.  
 

3. Kjd;ik mr;Rf;Fr; nrq;Fj;jhff; fPo;Nehf;fp msf;fg;gLk;. msTfis vjph;Fwpahff; 
nfhs;s Ntz;Lk;.  

 
nyd;rpd; cUg;ngUf;fk;:  
 
 Nfhsf Mbfisg; NghyNt> Nfhsf nyd;RfSk; cUg;ngUf;fk; nra;fpd;wd. 
gpk;gj;jpd; cauj;jpw;Fk;> nghUspd; cauj;jpw;Fk; ,ilNa cs;s jfT 'cUg;ngUf;fk;' 
vdg;gLfpwJ. cUg;ngUf;fk; 'm' vd;w vOj;jhy; Fwpf;fg;gLfpwJ. nghUspd; cauj;ij h 
vdTk;> gpk;gj;jpd; cauj;ij h' vdTk; nfhz;lhy;>  
 

   
'h

m
h

= =
gpk; gj;jpd; cauk;

nghUspd; cauk;
 

 cUg;ngUf;fkhdJ> gpk;gj;jpd; njhiyT kw;Wk; nghUspd; njhiyT Mfpatw;iwf; 
nfhz;Lk; njhlh;G gLj;jg;gLfpwJ.  

   
v

m
u

= =
gpk; gj;jpd; njhiyT

nghUspd; njhiyT
 

 cUg;ngUf;fj;jpd; kjpg;G 1 I tpl mjpfkhf ,Ue;jhy;> nghUis tplg; nghpa 
gpk;gKk;> 1 I tpl Fiwthf ,Ue;jhy; nghUis tplr; rpwpa gpk;gKk; fpilf;Fk;.  
 
nyd;ir cUthf;FNthh; rkd;ghL:  
 
 midj;J nyd;RfSk; xspGFk; Clfq;fshy; cUthf;fg;gLfpd;wd. ,e;j Clfq;fs; 
NtWgl;l xsptpyfy; vz;fisf; nfhz;lit. nyd;ir cUthf;Fk; xUth; nyd;rpd; tpisT 
Muk; kw;Wk; xsptpyfy; vz; Fwpj;J mwpe;jpUf;f Ntz;Lk;. nyd;R rkd;ghlhdJ> Ftpaj; 
njhiyT> nghUs; kw;Wk; gpk;gj;jpd; njhiyT Mfpatw;iw kl;LNk njhlh;Gg;gLj;Jtjhy;> 
nyd;rpd; tisT Muk;> xsptpyfy; vz; kw;Wk; Ftpaj;njhiyT Mfpatw;iwj; 
njhlh;GgLj;Jk; rkd;ghL xd;W Njitg;gLfpwJ. ,j;Njitia epiwNtw;Wtjw;fhf 'nyd;ir 
cUthf;FNthh; rkd;ghL" (Lens Maker's Formula) cUthf;fg;gl;lJ. ,r;rkd;ghl;bd; ghb>  
 

   
1 2

1 1 1
( 1)

f R R


 
= − − 

 
 

 ,q;F μ vd;gJ nyd;R nra;ag; gad;gLj;jg;gl;l nghUspd; xsptpyfy; vz;> R1, R2 
vd;git nyd;rpd; ,U Nfhsfg; gug;Gfspd; tisT Muq;fs; f vd;gJ Ftpaj; njhiyT 
MFk;.  
 
nyd;R rkd;ghL kw;Wk; nyd;ir cUthf;FNthh; rkd;ghL Mfpait nky;ypa 
nyd;RfSf;F kl;LNk nghUe;jf; $bait. jbkdhd nyd;RfSf;F ,t;tpU 
rkd;ghLfSk; rpwpa khw;wq;fs; nra;J gad;gLj;jg;gLfpd;wd. 
 
nyd;rpd; jpwd;:  
 
 xU xspf;fjph; nyd;rpd; kPJ gLk;NghJ mf;fjpuhdJ Ftpf;fg;gLk; my;yJ 
tphpf;fg;gLk; msthdJ nyd;rpd; Ftpaj;njhiyitg; nghWj;jJ. nyd;R xd;W jd; kPJ 
tpOk; xspf;fjph;fisf; Ftpf;Fk; (Ftpnyd;R) my;yJ tphpf;Fk; (Fopnyd;R) msT nyd;rpd; 
jpwd; vdg;gLfpwJ. vdNt> nyd;rpd; jpwd; vd;gJ xU nyd;rpd; Ftpf;Fk; my;yJ tphpf;Fk; 
jpwd; vd tiuaWf;fg;gLfpwJ. nyd;rpd; jpwd; vd;gJ vz;zstpy; me;j nyd;rpd; Ftpaj; 
njhiytpd; jiyfPo; kjpg;gpw;Fr; rkk; vd tiuaWf;fg;gLfpwJ.  
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1

P
f

=  

 nyd;rpd; jpwdpd; SI myF 'ilahg;lh;' MFk;. ,J 'D' vd;w vOj;jhy; 

Fwpf;fg;gLfpwJ. nyd;rpd; Ftpaj; njhiyT kPl;lh; (m) vd;w myfhYk;>  
 
Ftpnyd;R kw;Wk; Fopnyd;R NtWghLfs;:  
 

vz; Ftpnyd;R  Fopnyd;R  
1. ikaj;jpy; jbj;Jk; Xuj;jpy; 

nkype;Jk; fhzg;gLk;  
ikaj;jpy; nkype;Jk; 
Xuj;jpy; jbj;Jk; 
fhzg;gLk;  

2. ,J Ftpf;Fk; nyd;R  ,J tphpf;Fk; nyd;R  
3. ngUk;ghYk; nka;g;gpk;gq;fisj; 

Njhw;Wtpf;Fk; 
khag;gpkgq;fisj; 
Njhw;Wtpf;Fk;.  

4. J}ug;ghh;it Fiwghl;ilr; 
rhpnra;ag; gad;gLfpwJ 

fpl;lg;ghh;it Fiwghl;ilr; 
rhpnra;ag; gad;gLfpwJ.  

 
nyd;rpd; jpwdhdJ ilahg;lh; (D) vd;w myfhYk; Fwpf;fg;gLk; NghJ 1D = 1 m-1  
 
xU ilahg;lh; vd;gJ> xU kPl;lh; Ftpaj; njhiyT nfhz;l nyd;rpd; jpwd; MFk;. FwpaPl;L 
kugpd; gb> Ftpnyd;rpd; jpwd; Neh;f;FwpahfTk;> Fopnyd;rpd; jpwd; vjph;f; FwpahfTk; 
nfhs;sg;gLfpwJ.  
 
kdpjf;fz;:  
 
 kdpjf;fz; kpfTk; kjpg;G tha;e;jJk;> El;gkhdJkhd czh; cWg;ghFk;. mw;Gj 
cyiff; fhz;gjw;fhd topahfTk; fz;fNs mikfpd;wd.  
 
fz;zpd; mikg;G:  
 
 tpopahdJ Vwj;jho 23 nr.kP tpl;lk; nfhz;l Nfhs tbt mikg;GilaJ. fz;zpy; 
cs;s '];fpspuh" vd;Dk; typikahd rt;tpdhy; fz;zpd; cs;SWg;Gfs; 
ghJfhf;fg;gLfpd;wd.  
 
fz;zpy; cs;s Kf;fpakhd gFjpfs;:  
 
fhh;dpah: ,J tpopf;Nfhsj;jpd; Kd; gFjpapy; fhzg;gLk; nky;ypa xsp GFk; glyk; MFk;. 
,JNt fz;zpy; xstpyfy; eilngwk; Kf;fpakhd gFjp MFk;. fhh;dpahit milAk; 
xspf;fjph;fs; xsptpyfy; milar; nra;ag;gl;L tpop nyd;rpd; kPJ Ftpf;fg;gLfpwJ.  
 
Ihp];: ,J fz;zpd; epwKila gFjpahFk;. ,J ePyk;> gOg;G my;yJ gr;ir epwj;jpy; 
fhzg;glyhk;. ,J xt;nthU kdpjUf;Fk; jdpj;jd;ik tha;e;j epwk; kw;Wk; mikg;igf; 
nfhz;bUf;Fk;. ,J xspg;glf; fUtpapd; Kfg;igg; Nghd;W nray;gl;l fz;ghitapd; 
cs;Ns EioAk; xspf;fjph;fspd; msitf; fl;Lg;gLj;JfpwJ.  
 
fz;ghit: ,J Ihp]pd; ikag;gFjpahFk;. nghUspypUe;J tUk; xspf;fjph;fs; fz;ghitapd; 
topahfNt tpopj;jpiuia milfpd;wd.  
 
tpopj;jpiu (nul;bdh): ,J tpopf; Nfhsj;jpy; gpd;Gw cl;gug;G MFk;. kpf mjpf czh; 
El;gk; cila ,g;gFjpapy; nghUspd; jiyfPohd nka;g; gpk;gk; cUthf;fg;gLfpwJ.  
 
rpypahpj; jirfs;: tpop nyd;rhdJ rpypahpj; jirfshy; jhq;fg;gl;Ls;sJ. nghUs;fspd; 
njhiytpw;F Vw;g> tpopnyd;R jd; Ftpaj; J}uj;ij khw;wpf; nfhs;s ,j;jirfs; 
cjTfpd;wd.  
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tpopnyd;R: ,J fz;zpd; kpf Kf;fpakhd gFjpahFk;. ,J ,aw;ifapy; mike;j 
Ftpnyd;rhfr; nray;gLfpwJ.  
 
nray;gLk; tpjk;:  
 
 fz;zpy; cs;s xsp GFk; glykhd fhh;dpah jd; kPJ gLk; xspf;fjph;fis> Ihp]pd; 
ikag;gFjpapy; cs;s fz;ghitia Nehf;fpj; jpUg;GfpwJ. ,f;fjph;fs; tpopnyd;ir 
milfpd;wd. tpopnyd;rhdJ Ftp nyd;rhfr; nray;gLtjhy;> ,f;fjph;fs; Ftpf;fg;gl;L 
tpopj;jpiuapy; jiyfPohd> nka;g;gpk;gk; Njhw;Wtpf;fg;gLfpwJ. ,k;gpk;gk; ghh;it euk;Gfs; 
%yk; %isf;F vLj;Jr; nry;yg;gl;L ,Wjpahf %isahdJ Neuhd gpk;gj;ij czh;fpwJ.  
 
tpop Vw;gikTj; jpwd;:  
 
 mUfpy; cs;s kw;Wk; njhiytpy; cs;s nghUs;fisj; njspthff; fhz;gjw;F Vw;g 
tpop nyd;R jd;id khw;wp mikj;Jf; nfhs;Sk; jd;ik> 'tpop Vw;gikTj; jpwd;' 
vdg;gLfpwJ. tpop nyd;R jd;Dila Ftpaj; njhiyit khw;wpaikg;gjw;F rpypahpj; 
jirfs; cjTfpwJ.  
 
 tpop nyd;rhdJ> nefpOk; jd;ik nfhz;l> n[y;yp Nghd;w nghUshy; MdJ. rpypahp 
jirfs; RUq;fp> tphpitilAk; NghJ> nyd;rpd; tisTk;> Ftpaj; njhiyTk; 
khw;wpaikf;fg;gLfpwJ. ehk; njhiytpy; cs;s nghUs;fisf; fhZk; NghJ> rpypahpj; 
jirfs; tphptiltjd; %yk; tpop nyd;rpd; jbkd; Fiwe;J nky;ypajhf khw;wg;gLfpwJ. 
,jdhy; tpop nyd;rpd; FtpaJ}uk; mjpfhpf;fg;gl;L nghUs; njspthf GydhfpwJ. khwhf> 
ehk; mUfpy; cs;sg; nghUs;fisf; fhZk; NghJ rpypahpj;jirfs; RUq;Ftjhy; tpop 
nyd;rpd; jbkd; mjpfhpf;fpwJ. ,jdhy; tpop nyd;rpd; FtpaJ}uk; Fiwe;J nghUspd; 
njspthd gpk;gk; tpopj;jpiuapy; tPo;j;jg;gLfpwJ.  
 
ghh;it ePl;bg;G:  
 

 ,U mLj;jLj;j xspj;Jbg;GfSf;F ,ilg;gl;l fhy ,ilntsp 
1

16
 tpdhbia tplf; 

Fiwthf ,Ue;jhy;> kdpjf; fz;fshy; mtw;iwj; jdpj;jdpahf NtWgLj;jp mwpa ,ayhJ. 
,J 'ghh;it ePl;bg;G' vdg;gLk;.  
 
fz;zpd; mz;ikg;Gs;sp kw;Wk; Nra;ikg;Gs;sp:  
 
 kdpjf; fz; xd;wpdhy; jd; vjphpy; cs;sg; nghUs;fisj; njspthff; fhzf;$ba 
kpfr;rpwpaj; njhiyT 'njspTW fhl;rpapd; kPr;rpWj; njhiyT' vdg;gLk;. ,J mz;ikg;Gs;sp 
vd;Wk; miof;fg;gLfpwJ. ,J kdpjf; fz;zpw;Fg; nghJthf 25 nr.kP vd;w mstpy; 
,Uf;Fk;.  
 
fz; xd;wpdhy;> vt;tsTj; njhiytpy; cs;sg; nghUs;fisj; njspthff; fhz KbfpwNjh> 
mg;Gs;sp Nra;ikg;Gs;sp vd;W miof;fg;gLfpwJ. nghJthf> Nra;ikg; Gs;spahdJ <wpyhj; 
njhiytpy; mike;jpUf;Fk;.  
 
fz;zpd; FiwghLfs;:  
 
 ,ay;ghf kdpj fz;fspdhy; 25 nr.kP Kjy; <wpyhj; njhiyT tiu cs;sg; 
nghUs;fisj; njspthf fhzKbAk;. Mdhy; taJ Kjph;T cs;spl;l gy;NtW 
fhuzq;fshy; rpy kdpjh;fspd; ghh;itapy; FiwghL Vw;gLfpwJ. fz;zpy; Vw;gLk; rpy 
nghJthd FiwghLfisg; gw;wp tpthjpg;Nghk;.  
 
fpl;lg; ghh;it (ikNahgpah):  
 
 ikNahgpah vd;W miof;fg;gLk; 'fpl;lg;ghh;it' vd;Dk; FiwghlhdJ tpopf;Nfhsk; 
rpwpJ ePz;L tpLtjhy; Vw;gLfpwJ. ,f;FiwghL cs;s kdpjh;fshy; mUfpy; cs;s 
nghUs;fisj; njspthff; fhz KbAk;. Mdhy; njhiytpy; cs;s nghUs;fis 
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fhzKbahJ. tpop nyd;rpd; Ftpa J}uk; FiwtjhYk;> tpop nyd;rpw;Fk; tpopj; jpiuf;Fk; 
,ilNa cs;s njhiyT mjpfhpg;gjhYk; ,f;FiwghL vw;gLfpwJ. ,jdhy; fz;zpd; 
Nra;ikg; Gs;spahdJ> <wpyhj; njhiytpy; mikahky;> fz;zpd; mz;ikg; Gs;spia 
Nehf;fp efh;e;J tpLfpwJ. ,jdhy; njhiytpy; cs;s nghUs;fspd; gpk;gq;fs; tpopj;jpiuf;F 
Kd;ghf cUthf;fg;gLfpd;wd. jFe;j Ftpaj; njhiyT nfhz;l Fopnyd;irg; 
gad;gLj;Jtjd; %yk; ,f;Fiwghl;il rhp nra;ayhk;. gad;gLj;jg;gl Ntz;ba Fopnyd;rpd; 
Ftpaj; njhiyitg; gpd;tUkhW fz;lwpayhk;.  
 
 fpl;lg; ghh;it FiwghL cila xU kdpjuhy; x vd;w njhiyT tiuAs;s 
nghSs;fisf; fhz KbfpwJ vdf; nfhs;Nthk;. mth; <wpyhj; njhiyT tiu cs;s 
nghUs;fisf; fhz tpUk;gpdhy;> gad;gLj;jg;gl Ntz;ba Fop nyd;rpd; Ftpa J}uk; f = -x  
x vd;w njhiyT tiu njspthfg; ghh;f;f Kbfpd;w xU egh;> y vd;w njhiyT tiu fhz 
tpUk;gpdhy;> Njitg;gLk; Fopnyd;rpd; Ftpa J}uk;  

     
xy

f
x y

=
−

 

 
J}ug; ghh;it (i`g;gh; nkl;Nuhgpah):  
 
 J}ug; ghh;it vd;W miof;fg;gLk; n`g;gh; nkl;Nuh/gpah; FiwghlhdJ tpopf;Nfhsk; 
RUq;Ftjhy; Vw;gLfpwJ. ,f;FiwghL cila kdpjh;fshy; njhiytpy; cs;s 
nghUs;fisj; njspthff; fhz KbAk;. Mdhy; mUfpy; cs;sg; nghUs;fisf; fhz 
KbahJ. tpopnyd;rpd; Ftpaj;njhiyT mjpfhpg;gjhYk;> tpop nyd;Rf;Fk; tpopj; jpiuf;Fk; 
,ilNa cs;sj; njhiyT FiwtjhYk; ,f;FiwghL Vw;gLfpwJ. ,jdhy; mz;ikg; 
Gs;spahdJ 25 nr.kP vd;w njhiytpy; mikahky;> Nra;ikg; Gs;spia Nehf;fp efh;e;J 
tpLfpwJ. vdNt> mUfpy; cs;s nghUs;fspd; gpk;gq;fs; tpopj;jpiuf;F mg;ghy; (gpd;Gwk;) 
cUthf;fg;gLfpd;wd. jFe;j Ftpaj;njhiyT nfhz;l Ftp nyd;rpidg; gad;gLj;Jtjd; 
%yk; ,f;Fiwghl;ilr; rhp nra;ayhk;. gad;gLj;jg;gl Ntz;ba Ftpnyd;rpd; Ftpaj; 
njhiyit gpd;tUk; Kiwapy; fz;lwpayhk;. J}ug; ghh;it FiwghL cila xU kdpjuhy; 
d vd;w njhiytpw;F mg;ghy; cs;s nghUs;fis kl;LNk fhzKbfpwJ vdf; nfhs;Nthk;. 

mth; d f;F Fiwthf cs;s D vd;w njhiytpy; mike;j nghUs;fisAk; fhz 
tpUk;gpdhy;> gad;gLj;jg;gl Ntz;ba Ftp nyd;rpd; Ftpa J}uk;.  

    
dD

f
d D

=
−

 

tpop Vw;gikTj; jpwd; FiwghL  
 
 kdpjhpy; Vw;gLk; taJ Kjph;T fhuzkhf> rpypahpj; jirfs; tYtpof;fpd;wd. NkYk; 
tpopnyd;R jd; nefpo;Tj; jd;ikia ,of;fpwJ. ,jdhy; tpopapd; Vw;gikTj; jpwdpy; 
FiwghL Vw;gLfpwJ.  
 
 ,f;FiwghL cila rpy taJ Kjph;e;j nghpath;fshy; mUfpy; cs;s 
nghUs;fisj; njspthff; fhz KbahJ. vdNt ,f;FiwghL 'taJ Kjph;T J}ug;ghh;it" 
vd;Wk; miof;fg;gLfpwJ.  
rpy kdpjh;fs; xNu Neuj;jpy; fpl;lg;ghh;it kw;Wk; J}ug;ghh;it Mfpa ghh;itf; 
FiwghLfshy; ghjpf;fg;glyhkl;. ,f;FiwghlhdJ> ",U Ftpa nyd;Rfs;' (Bifocal lenses) 
%yk; rhp nra;ag;gLfpwJ. ,e;j nyd;rpd; Nky;Gwk; Fop nyd;Rk; (fpl;lg;ghh;itia rhp 
nra;J ePz;l njhiytpy; cs;s nghUs;fisf; fhzTk;)> fPo; Gwk; Ftp nyd;Rk; 
(J}ug;ghh;it rhp nra;J gbg;gjw;F Vw;w tifapYk;) nfhz;L mikf;fg;gl;bUf;Fk;.  
 
ghh;itr; rpjwy; FiwghL (Astigmatism) : 
 
 ,f;FiwghL cila fz;fshy;> ,izahd kw;Wk; fpilkl;lf; NfhLfisj; 
njspthff; fhz ,ayhJ. ,f;FiwghL kuG uPjpahfNth my;yJ fz;zpy; Vw;gLk; 
ghjpg;GfspdhNyh Njhd;wyhk;.  
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 tpopnyd;rpy; Vw;gLk; fz;Giu> fhh;dpahtpy; cUthFk; Gz;fs;> tpopapd; 
Nkw;gug;Gfspy; cz;lhFk; fhaq;fs; Nghd;wtw;why; tpopnyd;rpd; Vw;gLk; xOq;fw;w 
jd;ikahy; ,f;FiwghL Vw;gLfpwJ. cUis nyd;Rfs; (Cylindrical lenses) %yk; 
,f;Fiwghl;ilr; rhp nra;ayhk;.  
 
Ez;Nzhf;fpfs;:  
 
 Ez;Nzhf;fpfs; vd;git kpfEz;zpa nghUs;fisf; fhz cjTk; xspapay; 
fUtpahFk;. ,it vspa Ez;Nzhf;fpfs; kw;Wk; $l;L Ez;Nzhf;fpfs; vd;W 
tifg;gLj;jg;gLfpd;wd.  
 
vspa Ez;Nzhf;fp: 
 
 Fiwe;j Ftpaj; njhiyT nfhz;l Ftp nyd;rhdJ vspa Ez;Nzhf;fpahfr; 
nray;gLfpwJ. Ftpnyd;irf; fz;fSf;F mUfpy; itj;J> nghUs;fisg; ghh;f;Fk; NghJ> 
nghUs;fspd; nghpjhf;fg;gl;l khag;gpk;gk; Njhw;Wtpf;fg;gLfpwJ.  
 
 AB vd;w nghUis> ftp nyd;rpd; Kf;fpa Ftpaj;jpw;Fs; (u < f) itj;J nyd;rpd; kW 
Gwj;jpd; topahfg; nghUisf; fhz Ntz;Lk;. Ftpnyd;rpd; Kf;fpa Ftpaj;jpw;Fk;> xspapay; 
ikaj;jpw;Fk; ,ilNa nghUs; itf;fg;gLk; NghJ> nyd;rhdJ Neuhd> nghpjhf;fg;gl;l khag; 
gpk;gj;ij nghUs; ,Uf;Fk; mNj gf;fj;jpy; Njhw;Wtpf;fpwJ.  
gpk;gj;jpd; njhiythdJ> njspTW fhl;rpapd; kPr;rpW njhiyTf;Fr; (D) rkkhf ,Uf;Fk;. 
(Fiwghlw;w fz;zpw;F D = 25 nr.kP 
 
vspa Ez;Nzhf;fpapd; gad;ghLfs;:  

1. ,J fbfhuk; gOJ ghh;g;gth;fs; kw;Wk; Mguzq;fs; nra;gth;fshy; 
gad;gLj;jg;gLfpwJ.  
 

2. rpwpa vOj;Jf;fisg; gbf;f cjTfpwJ.  
 

3. G+f;fs; kw;Wk; G+r;rpfspd; ghfq;fis cw;W Nehf;fg; gad;gLfpwJ.  
 

4. jla mwptpay; Jiwapy;> ifNuiffisg; gFj;jwpag; gad;gLfpwJ.  
 

$l;L Ez;Nzhf;fp:  
 
 ,e;E}z;Nzhf;fpAk; kpf Ez;zpa nghUs;fisf; fhz cjTfpwJ. ,jd; 
cUg;ngUf;Fj;jpwd; vspa Ez;Nzhf;fpapd; cUg;ngUf;Fj;jpwid tpl mjpfk;.  
 
 Ftpnyd;rpd; Ftpaj; njhiytpidf; Fiwg;gjd; %yk; Ez;Nzhf;fpapd; 
cUg;ngUf;Fj;jpwid mjpfhpf;fyhk;. Mdhy;> nyd;Rfis tbtikg;gjpy; cs;s 
,lh;ghLfshy;> Ftpa J}uj;jpid xU Fwpg;gpl;l mstpw;FNky; Fiwf;f ,ayhJ. vdNt 
$l;L Ez;Nzhf;fpapy;> cUg;ngUf;fj;ij mjpfhpg;gjw;fhf ,uz;L Ftpnyd;Rfs; 
gad;gLj;jg;gLfpd;wd.  
 
mikg;G:  
 
 $l;L Ez;Nzhf;fpahdJ ,uz;L Ftp nyd;Rfisf; nfhz;lJ. ,tw;wpy; nghUSf;F 
mUfpy; cs;s Fiwe;j Ftpa J}uk; nfhz;l Ftpnyd;rhdJ> 'nghUsUF nyd;R' my;yJ 
nghUsUF tpy;iy vd;Wk; cw;W Nehf;FgtUila fz;zpw;F mUfpy; cs;s mjpf 
tpl;lKk;> mjpf Ftpa J}uKk;> nfhz;l Ftpnyd;R 'fz;zUF nyd;R' my;yJ fz;zUF 
tpy;iy vd;Wk; miof;fg;gLfpd;wd. ,e;j ,uz;L nyd;RfSk; Kd;Dk; gpd;Dk; efuf;$ba 
tifapy; mikf;fg;gl;l FWfyhd FohapDs; nghUj;jg;gl;Ls;sd.  
 
nray;gLk; tpjk;:  
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 nghUs; (AB) ahdJ> nghUsUF nyd;rpd; Ftpa J}uj;ij tplr; rw;Wf; $Ljyhd 
njhiytpy; itf;fg;gLfpwJ. nghUsUF nyd;rpd; kWGwj;jpy; nghpa> jiyfPohd> 
nka;g;gpk;gk; Njhw;Wtpf;fg;gLfpwJ. ,e;j gpk;gkhdJ fz;zUF nyd;rpw;Fg; nghUshfr; 
nray;gLfpwJ. NkYk; ,g;gpk;gkhdJ (A'B') fz;zUF nyd;rpd; Kjd;ikf; Ftpaj;jpw;Fs; 
mikAkhW fz;zUF nyd;R rhpnra;ag;gLfpwJ. fz;zUF nyd;R> mstpy; nghpa Neuhd 
khagpk;gj;ijg; (A'B') nghUs; ,Uf;Fk; mNj gf;fj;jpy; Njhw;Wtpf;fpwJ.  
 
 $l;L Ez;Nzhf;fpapd; cUg;ngUf;Fj; jpwdhdJ> vspa Ez;Nzhf;fpapd; 
cUg;ngUf;Fj; jpwidf; fhl;bYk; 50 Kjy; 200 klq;F tiu mjpfkhf ,Uf;Fk;.  
 
efUk; Ez;Nzhf;fp:  
 
 ,J 0.01 kp.kP vd;w mstpyhd kpfr;rpwpaj; njhiyTfis kpfj; Jy;ypakhf 
mse;jwpaf;$ba kpfr; rpwe;j fUtpfspy; xd;whFk;. ,J nth;dpah; jj;Jtj;jpd; 
mbg;gilapy; nray;gLfpwJ. ,jd; kPr;rpw;wsT 0.01 kp.kP MFk;.  
 
njhiy Nehf;fpfs;:  
 
 rkPgj;jpy; Njhd;wpa re;jpufpufzj;ij ePq;fs; ghh;j;jpUf;fpwPh;fsh? ntw;Wf; fz;fshy;> 
me;epfo;itj; njspthf fhz ,ayhJ. ntFnjhiytpy; cs;s nghUs;fis ehk; 
njspthff; fhz njhiy Nehf;fpfs; cjTfpd;wd.  
 
 njhiytpy; cs;s nghUs;fisf; fhz cjTk; xspapay; fUtpfs; 
njhiyNehf;fpfs; vdg;gLfpd;wd. 1608 Mk; Mz;L N[hfd; ypg;uN~ vd;gtuhy; Kjd; 
Kjypy; njhiy Nehf;fp cUthf;fg;gl;lJ. tpz;kPd;fis cw;W Nehf;Ftjw;fhf fypypNah 
xU njhiyNehf;fpia cUthf;fpdhh;. mth; fz; fz;zhbfs; nra;Ak; filf;fhuh; xUthpd; 
filapy; itf;fg;gl;bUe;j nyd;rpd; topahfj; njhiytpy; cs;s fhyepiyf;fhl;bapd; 
nghpjhf;fg;gl;l gpk;gj;ijf; fz;lhh;. ,jid mbg;gilahff; nfhz;L njhiyNehf;fpia 
cUthf;fpdhh;. ,j;njhiyNehf;fp %yk; tpahod; NfhisAk;> rdp Nfhisr; Rw;wpAs;s 
tisaq;fisAk; Muha;e;jhh;. nfg;sh; vd;w ,aw;gpayhsh; 1611 Mk; Mz;L xU 
njhiyNehf;fpia cUthf;fpdhh;. ,J mbg;gilapy; jw;fhy thdpay; njhiyNehf;fpia 
xj;jpUe;jJ.  
 
njhiy Nehf;fpapd; tiffs;:  
 
xspapay; gz;Gfis mbg;gilahff;; nfhz;L njhiyNehf;fpfs;  
1. xsp tpyfy; njhiy Nehf;fpfs;  
2. xsp vjpnuhspg;Gj; njhiy Nehf;fpfs;  
vd ,Utiffshf tifg;gLj;jg;gLfpd;wd. 
  
 xsptpyfy; njhiyNehf;fpfspy; 'nyd;Rfs;' gad;gLj;jg;gLfpd;wd. fypypNah njhiy 
Nehf;fp> nfg;sh; njhiyNehf;fp> epwkw;w xsp tpyf;fpfs; (Achromatic refractors) Mfpait 
xsptpyfy; njhiy Nehf;fpfSf;F vLj;Jf;fhl;Lfs; MFk;.  
 
 xspvjpnuhspg;G njhiyNehf;fpfspy; 'Nfhsf Mbfs;" gad;gLj;jg;gLfpd;wd. 
fphpNfhpad;> epA+l;ld;> Nf];fpiud; njhiy Nehf;fpfs; Nghd;wit xspvjpnuhspg;G njhiy 
Nehf;fpfSf;F vOj;Jf; fhl;Lfs; MFk;.  
 
njhiyNehf;fpfisg; gad;gLj;jp fhzf; $ba nghUs;fis mbg;gilahff; nfhz;L 
njhiy Nehf;fpfs;  
  1. thdpay; njhiy Nehf;fpfs;  
  2. epyg;gug;G njhiy Nehf;fpfs;  
vd ,U ngUk; gphpTfshfg; gphpf;fg;gLfpd;wd.  
 
thdpay; njhiy Nehf;fpfs; (Astronomical Telescopes):  
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 ,it thd;nghUl;fshd Nfhs;fs;> tpz;kPd;fs;> tpz;kPd; jpus;fs;> Jizf; Nfhs;fs; 
Nghd;wtw;iwf; fhzg; gad;gLfpd;wd.  
 
epyg;gug;G njhiy Nehf;fpfs; (Terrestrial Telescopes):  
 
 thdpay; njhiy Nehf;fpfspy; fpilf;Fk; ,Wjp gpk;gkhdJ jiy fPo; gpk;gkhf 
,Uf;Fk;. vdNt> ,j;njhiyNehf;fpfs; Gtpg;gug;gpy; cs;s nghUs;fisf; fhz;gjw;F 
Vw;wit my;y vd;gjhy; epyg;gug;G njhiyNehf;fpfs; gad;gLj;jg; gLfpd;wd. Neuhd ,Wjp 
gpk;gj;ij cUthf;FtJ kl;LNk thdpay; njhiy Nehf;fpfSf;Fk;> epyg;gug;G 
njhiyNehf;fpfSf;Fk; ,ilNa cs;s Kf;fpa NtWghL MFk;.  
 
njhiyNehf;fpfspd; ed;ikfs;:  
 

• Nfhs;fs;> tpz;kPd;fs;> tpz;kPd; jpus;fs; Fwpj;j tphpthd ghh;itiaj; jUfpwJ.  
 

• njhiyNehf;fpAld; xspg;glf;fUtpia ,izg;gjd; %yk; thd; nghUs;fis 
xspg;glk; vLf;fyhk;.  
 

• Fiwthd nrwpTila xspapYk; njhiy Nehf;fpiag; gad;gLj;jyhk;;.  
 

FiwghLfs;:  
 

• njhiyNehf;fpfisj; njhlh;e;J guhkhpj;jy; Ntz;Lk;.  

• ,tw;iw vspjhf NtW ,lj;jpw;F vLj;Jr; nry;y KbahJ.  
 
epidtpy; nfhs;f 
 

• xsp vd;gJ xUtif Mw;wy;. ,it Neh;f;Nfhl;by; nry;fpd;wd.  
 

• xspf; fjpuhdJ jd; ghijapypUe;J tpyfpr; nry;tJ xsp tpyfy; vdg;gLk;.  
 

• ntw;wplj;jpy; xspapd; jpirNtfj;jpw;Fk;> Clfj;jpy; xspapd; jpirNtfj;jpw;Fk; 
,ilNa cs;sj; jfT Clfj;jpd; xsptpyfy; vz; 'μ' vdg;gLk;.  
 

• nyd;R rkd;ghL 
1 1 1

,
f v u

−  

 

• cUg;ngUf;fk; 
'

( )
h v

m
h u

= =  

 

• nyd;rpd; jpwd; 
1

f
=  

 

• mUfpy; cs;s kw;Wk; njhiytpy; cs;s nghUs;fisj; njspthff; fhz;gjw;F Vw;g 
tpop nyd;R jd;id khw;wpaikj;Jf; nfhs;Sk; jd;ik tpop Vw;gikTj; jpwd; 
vdg;gLfpwJ.  
 

• Ez;Nzhf;fpfs; vd;git kpf Ez;zpa nghUs;fisf; fhz cjTk; xspapay; 
fUtpahFk;.  
 

• njhhiytpy; cs;s nghUs;fisf; fhz cjTk; xspapay; fUtpfs; 
njhiyNehf;fpfs; vdg;gLfpd;wd.  
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jPh;f;fg;gl;l fzf;Ffs;:  

 
1. xU xspf;fjpuhdJ> ntw;wplj;jpypUe;J xsptpyfy; vz; 1.5 cila Clfj;jpw;Fs; 

nry;Yk; NghJ gLNfhzj;jpd; kjpg;G 30° vdpy; tpyF Nfhzk; vd;d?  
jPh;T:  

 jug;gl;lit: 1 21.0; 1.5; 30i = = =   

 ];ney; tpjpg;gb>  
    

     2

1

sin

sin

i

r




=  

     1 2sin sini r =  

     (1.0). sin 30° = 1.5 sin r  

     
1

1
2

 = 1.5 sin r  

    sin r = 
1 1

2 1.5 3
=


 = (0.333)  

    r = sin-1 (0.333)  
    r = 19.45° 
 
2. xU nghUspypUe;J nry;Yk; xspf; fw;iwahdJ 0.3 kP Ftpaj; njhiyT nfhz;l 

tphpf;Fk; nyd;rhy; Ftpf;fg;gl;L 0.2 kP vd;w njhiytpy; gpk;gj;ij Vw;gLj;JfpwJ vdpy; 
nghUspd; njhiyitf; fzf;fpLf.  

 jPh;T:  
  f = -0.3 kP> v = -0.2  kP  
  nyd;R rkd;ghl;bypUe;J  

    
1 1 1

f v u
= −  

    
1 1 1

u v f
= −  

    
1 1 1 10

0.2 0.3 6u

−
= − =
− −

 

     
6

0.6
10

u
−

= = −  kP  

 
3. fpl;lg;ghh;if; FiwghL cila xU kdpjuhy;> 4 kP njhiytpy; cs;sg; nghUs;fis 

kl;LNk fhz ,aYk;. mth; 20 kP njhiytpy; cs;sg; nghUis mth; fhz tpUk;gpdhy; 
gad;gLj;jg;glNtz;ba Fop nyd;rpd; Ftpaj; njhiyT vd;d?  
 

jPh;T:  
 jug;gl;lit: x = 4 kP kw;Wk; y = 20 kP  
ghh;itf; Fiwghl;ilr; rhpnra;a gad;gLj;jg;gl Ntz;ba nyd;rpd; 
Ftpaj;njhiyT  
 

    
xy

f
x y

=
−

 

    
4 20 80

5
4 20 16

f


= = = −
− −

kP  
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ghh;itf; Fiwghl;ilf; rhpnra;a gad;gLj;jg;gl Ntz;ba nyd;rpd; jpwd; 
1 1

0.2
5

D
f
= − =−  

4. J}ug; ghh;itf; Fiwghl;lhy; ghjpf;fg;gl;l kdpjh; xUthpd; mz;ikg; Gs;spahdJ 1.5 kP 
njhiytpy; cs;sJ. mtUila ghh;itf; Fiwghl;il rhp nra;a gad;gLj;jg;gl 
Ntz;ba Ftpnyd;rpd; Ftpaj; njhiyit fzf;fpL.  

jPh;T  
 jug;gl;lit d = 1.5 kP; D = 25 nr.kP = 0.25 kP  
ghh;it Fiwghl;ilr; rhpnra;a gad;gLj;jg;glNtz;ba nyd;rpd; Ftpaj;njhiyT  

   
1.5 0.25 0.375

1.5 0.25 1.25

d D
f

d D

 
= = =

− −
 = 0.3 kP  
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11TH,aw;gpay; 

njhFjp–II 
myF– 11 
miyfs;  

 
 
mwpKfk;: 
 
Ke;ija myfpy; ehk; xU Jfspd; miytpidg; gw;wp tpthjpj;Njhk;. Jfs;fspd; 
njhFg;igf; nfhz;lXh; Clfj;ijf; (medium) fUJNthk;. xU Kidapy; ,lh;ghl;il 

(disturbance) cUthf;fpdhy; mJ Kd;Ndwpr; nrd;W kWKidia milfpwJ. mjhtJ 
Kjy; Gs;sp epiwapy; Vw;gLj;jpa ,lh;ghlhdJ mUfpy; cs;s mLj;j Gs;sp epiwf;F 
mLj;jLj;J gug;gg;gLfpJ. ,q;F ftdpf;f Ntz;baJ ahnjdpy;> khWghL kl;LNk 
gug;gg;gLfpwJ. Gs;sp epiwfs; my;y. ,JNghd;W ehk; ntspg;gLj;Jk; Ngr;rhdJ ekJ 
njhz;ilapy; cs;sFuy; tisapd; mjph;tpdhy; Njhd;WfpwJ. ,jd; fhuzkhf Rw;Wg;Gw 
fhw;W %yf;$Wfs; mjph;tile;J mjdhy; Ngr;rpd; tpisT (jfty;fs;) ntspapy; (space) 
cs;s xU Gs;spapypUe;J kw;nwhU Gs;spf;F Clfj;jpd; Jfs;fis vLj;Jr; nry;yhky; 
gug;gg;gLfpwJ.  
 
vdNt ntspapy; xU Gs;spapypUe;J kw;nwhU Gs;spf;F Clfk; khw;wg;glhky; Mw;wy; kw;Wk; 
ce;jj;ij vLj;Jr; nry;Yk; epfo;T miyvdg;gLk;.  
 
flw;fiuf;F mUfpy; epd;why; xUth; flypy; ,Ue;J fly; ePH; xNu miy tbtj;jpy; Vw;w 
,wf;fj;Jld; flw;fiuia miltijf; fhz ,aYk;. vdNtmJ fly; miyfs; vdg;gLk;. 
xUug;gh; Ngz;l; Rz;lg;gl;lhy; mJ epiyahd miyfs; vdg;gLk; miy tbtj;jpy; 
mjph;TWk;. ehk; kpd;fhe;j miyahfpa xspapd; %ykhf mofpa ,aw;ifiaf; fhz;fpNwhk;. 
ehk; ,dpikahd nky;ypirg; ghly;fis xyp miyfs; %ykhff; Nfl;fpNwhk;. md;whl 
tho;tpy; ifg;Ngrp jfty; njhlh;G Kjy; Nyrh; mWitrpfpr;ir tiu miyfspd; Vuhskhd 
gad;ghLfs; cs;sd.  
 
epiyahf cs;s xU ePh;g;gug;gpy; ehk; xU fy;iy vhpe;jhy;> ePhpd; Nkw;gug;gpy; fy; Nkhjpa 
,lj;jpy; xU khWghL cUthtijf; fhzyhk;. ,e;j ,lh;ghlhdJ njhlh;e;J mjpfhpf;Fk; 
Muq;fs; nfhz;Ls;s xU ika tl;lq;fshf ntspg;Gwkhf tphptile;J Nkw;gug;gpd; 
vy;iyapy; NkhJtijf; fhzyhk;. Vndd;why; fy;ypd; ,af;f Mw;wypd; xU gFjp 
Nkw;gug;gpy; cs;s ePh; %yf;$WfSf;F Vndd;why; fy;ypd; ,af;f Mw;wypd; xU gFjp 
Nkw;gug;gpy; cs;s ePh; %yf;$WfSf;F khw;wg;gLfpwJ. cz;ikapy; ePuhdJ (Clfk;) 
,lh;ghl;Lld; ntspNa efuhJ. ,jid ePhpd; Nkw;gug;gpy; xUfhfpjj; Jz;bid itg;gjd; 
%yk; fhz ,aYk;. ,lh;ghlhdJ (miy) ePhpd; Nkw;gug;gpy; nry;Yk; NghJ me;j Jz;L 
NkYk; fPOkhf efUk;. ePhpd; %yf;$Wfs; mtw;wpd; rkepiyiag; nghUj;J mjph;tpaf;fj;ij 
Nkw;nfhs;tij ,J fhl;LfpwJ.  
 
,Oj;Jf;fl;lg;gl;lnky;ypafk;gpapy; miyfs; Njhd;Wjy;:  
 
xU ePskhd nky;ypa fk;gpia vLj;Jf;nfhz;L mjd; xU Kidia Rtw;wpy; fl;LNthk;. 
jpBnud Rz;bdhy; fapw;wpy; xU khWghL cUthfpwJ. ,e;j khWghL jpBnud Njhd;wpaJ 
NkYk; mJ Fiwe;j Neuj;jpw;Nf ePbf;Fk;. vdNt ,e;j khWghL miyj;Jbg;G vdg;gLk;. 
njhlh;r;rpahf Rz;lg;gl;lhy; epiyahd miyfs; cUthfpwJ. fpl;lhhpd; (Guitar) Rz;lg;gl;l 

fk;gpapd; (Plucked sting) %yk; ,J Nghd;w miyfs; cUthf;fg;gLfpwJ.  
 
,irf;fitapy; miyfspd; cUthf;fk;:  
 
xU ,ug;gh; Jz;by; xU ,irf;fitia mbj;jhy; ,irf;fitapd; Gaq;fs; mjd; 
ikag;Gs;spiag; nghUj;J mjph;TWk;. Gak; xUikag; Gs;spiag; nghWj;J mjph;TWk; 
vd;gjd; mh;j;jk; ntspg;Gwk; kw;Wk; cl;Gwk; nry;Yjy; MFk;. GakhdJ ntspg;Gwkhf 
efUk; NghJ mjd; mUfpy; cs;s fhw;W mLf;if mJjs;SfpwJ. mjhtJ ,g;gFjpapy; 
mjpfkhdfhw;W %yf;$Wfspd; Njf;fk; cs;sJ. vdNt mlh;j;jp kw;Wk; mOj;jKk; $l kpf 
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mjpfkhFk; ,g;gFjpfs; ,Wf;fg;gl;l gFjpfs; my;yJ ,Wf;fq;fs; vdg;gLk;. ,Wf;fg;gl;l 
fhw;W mLf;F Kd;Ndhf;fp efh;e;J mUfpy; cs;s mLj;jfhw;W mLf;if ,Wf;Fk;. ,Nj 
Kiwapy; xU ,Wf;fj;jpd; miy fhw;wpd; topNa Kd;Ndwpr; nry;YfpwJ. GakhdJ 
cl;Gwkhf efUk; NghJ tyg;Gwkhf efh;j;j Clfj;jpd; Jfs;fs; jw;NghJ gpd;Gwkhf 
fhw;wpd; kPl;rpg;gz;Gfhuzkhf ,lJGwkhfefUfpwJ. ,e;jg; gFjpapy; mlh;;j;jpkw;Wk; mOj;jk; 
,uz;Lk; Fiwthfcs;sJ. ,Jjsh;r;rpmy;yJePl;rpvdg;gLk;.  
 
miy ,af;fj;jpd; gz;Gfs;:  

• miyfspd; gutYf;F ClfkhdJ epiykk; (inertia) kw;Wk; kPl;rpg;gz;igf; (elastic) 
nfhz;bUf;fNtz;Lk;.  

• nfhLf;fg;gl;l Clfj;jpy; miyapd; jpirNtfk; khwpypahFk;. mNj rkak; Clfj;jpy; 
cs;sJfs;fs; ntt;NtW epiyfspy; khWgl;ljpir Ntfq;fSld; ,aq;Fk;. mtw;wpd; 
eLepiyapy; ngUk jpirNtfKk; tpspk;G epiyfspy; jpirNtfk; RopahfTk; ,Uf;Fk;.  

• miyfshdJ vjpnuhspg;G> tpyfy;>  FWf;fPl;LtpisT> tpspk;G tpisT kw;Wk; 
jstpisT Mfpatw;wpw;F cl;gLk;.  
 

,ae;jpumiy ,af;fk; kw;Wk; mjd; tiffs;:  
 

1. ,ae;jpumiy – guTtjw;F xU Clfk; Njitg;gLk; miyfs; ,ae;jpu miyfs; 
vdg;gLk;.  
vLj;Jf;fhl;L: xyp miyfs;> ePhpd; Nkw;gug;gpy; cUthFk; rpw;wiyfs; Kjypad.  
 

2. ,ae;jputpay; my;yhj miy – guTtjw;F vt;tpj ClfKk; Njitg;glhj miyfs; 
,ae;jputpay; my;yhj miyfs; vdg;gLk;.  

 
  NkYk;> miyfis ,uz;L tifg;gLj;jyhk;  
  1. FWf;fiyfs;  
  2. nel;liyfs;  
 
FWf;fiy ,af;fk; (Transverse wave motion):  
 
FWf;fiy ,af;fj;jpy;> Clfj;jpd; Jfs;fs; mjd; eLepiyiag; nghUj;J miyguTk; 
jpirf;F (Mw;wy; khw;wg;gLk; jpirf;F) nrq;Fj;Jj; jpirapy; miyAWk; my;yJ 
mjph;tilAk;. miyguTk; jpirahdJ mjph;TWk; jsj;jpw;F (Clfj;jpd; Jfs;fs; mjph;TWk; 
jsj;jpw;F) nrq;Fj;jhfmikAk;.  
 vLj;Jf;fhl;L: xsp (kpd;fhe;jmiyfs;)  
 
mjph;TWk; jsj;jpw;F (Clfj;jpd; Jfs;fs; mjph;TWk; jsj;jpw;F) nrq;Fj;jhfmikAk;  
 vLj;Jf;fhl;L: xsp (kpd;fhe;jmiyfs;)  
 
nel;liy ,af;fk; (Longitudinal wave motion):  
 
nel;liy ,af;fj;jpy; Clfj;jpd; Jfs;fs; mjd; eLepiyiag; nghUj;J miy guTk; 
jpirf;F ,izahd jpirapy; (Mw;wy; khw;wg;gLk; jpirapy;) miyTWk; my;yJ 
mjph;tilAk; 
 vLj;Jf;fhl;L: xyp 
 
MrphpaUld; MNyhridnra;f:  
 

• Rdhkp ([g;ghdpankhopapy; # - dh - kP vd cr;rhpf;fg;gLfpwJ) vd;gJ JiwKf 
miyfs; vd;w nghUs;gLk;. Rdhkp vd;gJ mjpf Ntfj;JlDk; kpfg;ngUk; tpirAlDk; 
njhlh;r;rpahf tUk; nghpa ,uhl;rr miyfshFk;. 2004 Mk; Mz;L brk;gh; khjk; 26 Mk; 
Njjp ,e;jpahtpd; njd;gFjpapy; vd;dele;jJ.  

• <u;g;G miyfs; - LIGO (Laser Interferometer Gravitational wave Observatory) Ma;T 
,aw;gpaYf;fhdNehgy; ghpR 2017  
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1. Nguhrphpah; nua;dh; nta;];  
2. Nguhrphpah; NghprpNghp];  
3. Nguhrphpah; fpg; v]; jhh;Nd 
"LIGO Ma;tfj;jpy; <h;g;Gmiyfspd; Ma;Tg;gzpapy; cWjpahdgq;fspg;gpw;fhf" 
toq;fg;gl;lJ.  
 
 
FWf;fiyfs; kw;Wk; nel;liyfs; xg;gpLjy;  
 
t.vz; FWf;fiyfs; nel;liyfs;  
1. Clfj;jpd; Jfs;fs; mjph;tilAk; 

jpir>  miyfs; guTk; jpirf;F 
nrq;Fj;jhfcs;sJ. 

Clfj;jpd; Jfs;fs; mjph;tilAk; jpir> 
miyfs; guTk; jpirf;F ,izahf 
cs;sJ.  

2. khWghLfshdJ mfLfs; kw;Wk; 
KfLfs; tbtpy; cs;sd 

khWghLfshdJ ,Wf;fq;fs; kw;Wk; 
jsh;r;rpfs; tbtpy; cs;sd.  

3. kPl;rp Clfj;jpy; FWf;fiyfs; gut 
,aYk; 

midj: Jtif Clfj;jpYk; (jplk;> 
jputk; kw;Wk; thA) nel;liyfs; gut 
,aYk;  

 
Fwpg;G:  
1. Clfk; ,y;yhjepiy ntw;wplk; vdg;gLk;. kpd;fhe;j miyfs; kl;LNk ntw;wplj;jpd; 

topNaguTk;.  
2. uhNy miyfs; (Rayleigh Waves) vd;git FWf;fiy kw;Wk; nel;liy Mfpa ,uz;Lk; 

Nrh;e;jjhff; fUjg;gLfpwJ.  
 
miy ,af;fj;jpy; gad;gLk; gjq;fs; kw;Wk; tiuaiwfs;:  
 
,U miyfSk; ird; tbtkhf ,Ue;jhy; mit ,uz;bw;Fk; ,ilNa epiwa NtWghLfs; 
cs;sd. vdNt xU miyia kw;nwhd;wpypUe;J NtWgLj;j ehk; rpy mbg;gilr; nrhw;fis 
(Terminologies) tiuaiw nra;aNtz;Lk;.  
 
,Oj;Jf;fl;lg;gl;lfk;gpapy; Vw;gLk; miyxd;iwf; fUJf.  
 
ehk; cUthFk; miyfspd; vz;zpf;ifapy; Mh;tk; nfhz;lhy;> Xh; Rl;L my;yJ 
Nkw;Nfhs;kl;lj;ij (,ilepiy my;yJ  mikjp epiy) fUJNthk;. ,q;F ,ilepiy 
vd;gJ fhl;lg;gl;Ls;s fpilkl;l NfhlhFk;. epoypl;l gFjpapd; Nky;kl;lg; Gs;sp KfL 
vdTk;> epoyplg;glhj gFjpapd; fPo; kl;lg;Gs;sp mfL vdTk; miof;fg;gLfpwJ. ,e;j 
miyahdJ O tpypUe;J B gFjpia kPz;Lk; kPz;Lk; Vw;gLj;JfpwJ. ,e;j rpwpa gFjpapd; 
ePsj;ij xU miy ePsk; vd tiuaWf;fyhk;.  
 
xU miy ePsj;ijf; Fwpg;gjw;F fpNuf;f vOj;J Nyk;lh (lambda) λ itg; 
gad;gLj;JfpNwhk;. FWf;fiyf;F fhl;bathW> mLj;jLj;j ,U KfLfSf;F ,ilg;gl;l 
njhiyT (m) mLj;jLj;j ,U mfLfSf;F ,ilg;gl;l njhiyT xU miy ePskhFk;. 
nel;liyf;F mLj;jLj;j ,U ,Wf;fq;fs; my;yJ jsh;;r;rpfSf;F ,ilg;gl;l njhiyT xU 
miy ePskhFk;. miy ePsj;jpd; SI myF kPl;lh;.  
 
mjh;ntz;> mjph;T Neuk; mfpatw;iw mwpe;Jnfhs;sfhl;ba miyiaf; (3 miy ePsq;fis 
cilaJ) fUJNthk;. Neuk; t = 0 y; miy ,lJGwkpUe;J A Gs;spia milfpwJ.  

Neuk; t = 1s ,y; Aiaflf;Fk; miyfspd; vz;zpf;if ,uz;L MFk;. vdNt mjph;ntz; 
vd;gJ1 tpdhbapy; flf;Fk; miyfspd; vz;zpf;if" vd tiuaWf;fg;gLfpwJ. mjd; 
myFn`h;l;];> FwpaPLHz.  
 
,e;jcjhuzj;jpy;  
    f = 2 Hz    
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,U miyfs; A Gs;spia fle;J nry;y MFk; Neuk; xU tpdhb (Neuk;) vdpy; xU miy 

A Gs;spiaflf;f MFk; Neuk; miy tpdhbahFk;. ,JNt xU miyT Neuk; (T) MFk;.  

   
1

0.5
2

T s= =  

mjph;ntz;Zk; miy ePsKk; vjph;jftpy; ,Uf;Fk; vdmwpayhk;.  

   
1

T
f

=  

miyTNeuk; (T) vd;gJ> xUGs;sp topahf xU miyflf;f MFk; Neuk; MFk;.  
 
Fwpg;G:  

1. XuyF Neuj;jpy; Row;rpfspd; (Rw;Wf;fspd;) vz;zpf;if Nfhz mjph;ntz; vdg;gLk;. 

Nfhz mjph;ntz; 
2

2 f
T

 = = (myFNubad; /tpdhb)  

 
2. xuyF ePsj;jpy; Row;rpfspd; vz;zpf;if my;yJ xuyF ePsj;jpy; miyfspd; 

vz;zpf;if miy vz; vdg;gLk;.  

miyvz; k = 
2

 (myFNubad; /kPl;lh;) 

jpirNtfk; v> Nfhz mjph;ntz; ωkw;Wk; miy vz; k Mfpatw;wpw;F ,ilNaahd 
njhlh;G 

   jpirNtfk; 
(2 )

(2 )
2 2 /

f
v f f f

   
  

= = = =  

  
 miyapd; tPr;R(Amplitude of the wave):  

miyfs; midj;Jk; rk miyePsk;> rk mjph;ntz; kw;Wk; rk miyT Neuk; 
nfhz;L rk jpirNtfj;jpy; nry;fpd;wd ,e;j miyfSf;fpilg;gl;l xNu NtWghL 
mfL my;yJ KfLfspd; cuaq;fs;. ,jpypUe;J ehk; czh;tJmfLmy;yJKfbd; 
cauKk; miyapd; gz;ig eph;zapg;gjpy; Kf;fpa gq;F tfpf;fpwJ. vdNt> tPr;R 
vd;w xU ,aw;gpay; mstpid miyfSf;F tiuaWf;f Ntz;bAs;sJ. miyapd; 
tPr;ir Fwpg;G mr;irg; nghWj;J Clfj;jpd; ngUk ,lg;ngah;r;rp vd tiuaWf;fyhk; 
(cjhuzkhf ,e;j Neh;tpy; x mr;R) ,q;F mJ A vdf; Fwpf;fg;gLfpwJ.  

 
 ntt;NtWClfq;fspy; miyapd; jpirNtfk;:  

ePz;ljz;lthsj;jpy; Rj;jpayhy; mbf;Fk; NghJ>rw;Wnjhiytpy; jz;lthsj;jpy; 
fhJitj;JNfl;LFk;NghJ ,U xypfs; (xNufzj;jpy; my;y) Nfl;Fk;. jz;lthsj;jpd; 
topahf (jpz;kClfk;) Nfl;Fk; xypKd;ghfTk;>fhw;wpd; topNaNfl;Fk; 
mNjxyprw;WjhkjkhfTk; Nfl;Fk;. vdNt>ntt;NtWClfq;fspy; xypapd; jpirNtfk; 
xd;wy;y.  
 
,e;jgFjpapy;>miyfspd; jpirNtfj;ij ,U NtWepiyfspy; tUtpUg;Nghk;.  
 

1. ePl;lg;gl;l fk;gpapy; Vw;gLk; FWf;fiyfspd; jpirNtfk;. 
2. kPl;rpj;jd;ik nfhz;l Clfj;jpy; nel;liyfspd; jpirNtfk;  

 
ePl;lg;gl;lfk;gpapy; Vw;gLk; FWf;fiyapd; jpirNtfk;:  
 
fk;gp xd;wpy; ,aq;Fk; FWf;fiyapd; jpirNtfj;ij fzf;fpLNthk;. fk;gpapd; ,lJ 
Kidia Nky; Nehf;fp  nrhLf;fpdhy;>me;j Jbg;G tyJ KidNehf;fp v vd;w jpir 
Ntfj;jpy; efUk; ,jw;Fg; nghUs; xa;T epiyapy; cs;s Fwpg;ghaj;jpy; cs;s 
ghh;itahsiug; nghUj;Jefh;fpwJ.  
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fk;gpapy; xU mbg;gilg; gFjpiaf; fUJNthk;. fk;gpapy; A>B vd;w Gs;spfis 

,f;fzj;jpy; fUJNthk;> dl, dm vd;gJ fk;gpapd; rpWgFjp ePsk; kw;Wk; epiw 

vd;Nghk;. tiuaiwapd;gb ePs; epiw mlh;j;jp (µ) MdJ gpd;tUkhW vOjg;gLfpwJ.  

  µ=
dm

dl
 

  dm = µdl  
 

mbg;gil gFjp AB MdJ tl;lj;jpd; xU gFjp Nghy;> O it ikakhf nfhz;L R 
Muj;Jld; tise;J Nfhzk; θ it tisNfhL ikak; O tpy; Vw;gLj;JfpwJ. θit 
tisNfhL AB d; ePsk; dl kw;Wk; Muk; Riag; gad;gLj;jp gpd;tUkhW vOjyhk;;. 

   
dl

R
 =  

fk;gpapd; ,Otpir jUk; ikaNehf;F KLf;fk; (vz; kjpg;G)  

   
2

cp

v
a

R
=  

ikaNehf;F tpir 

   
2( )

cp

dm v
F

R
=  

 
,e;jf; fk;gpapd; rpWgFjp (elemental string) czUk; ikaNehf;F tpiria 
gpujpapLtjd; %yk; fzf;fplyhk;.  

   
2 2( )dm v v dl

R R


=  

,Otpir T MdJ> fk;gpapd; rpWgFjp ePsk; AB apd; njhL Nfhl;bd; topNa 

nray;gLfpwJ. tisNfhL ABapd; ePsk; kpfr;rpwpaJ. vdNt ,Otpir Tapy; Vw;gLk; 
khWghL Gwf;fzpf;fj;jf;fJ.  
 

,Otpir Tia fpilkl;lf;$W cos
2

T
 
 
 

 kw;Wk; nrq;Fj;Jf;$W sin
2

T
 
 
 

vd ,U 

$Wfshfg; gFf;fyhk;. A, Bapy; fpilkl;lf; $Wfs; rkvz;kjpg;gpy; vjph;jpirapy; 

nray;gLfpd;wd. vdNt> mit xd;iwxd;W rkd; nra;fpd;wd. ePsk; Abia 
kpfr;rpwpajhf fUJtjhy;> nrq;Fj;Jf;$Wfs; A, Bapy; nrq;Fj;Jjpirapy; tistpd; 
ikak; Nehf;fp ,Ug;gjhy; mtw;iwf; $l;lNtz;Lk;. njhFgad; Mu tpirFrMdJ 

    2 sin
2

r
F T

 =  
 

 

fk;gpapd; ePsj;Jld; xg;gpl> miyapd; tPr;R kpfr;rpwpaJ. vdNt> rpwpa Nfhzj;jpd; 

ird; kjpg;igj; Njhuhakhf sin
2 2

   
 

vdf; Fwpf;fyhk;. 

   2
2

r
F T T

  =  = 
 

 

Mdhy;>
dl

R
 = vdNtehk; ngWtJ 

   
r

dl
F T

R
=  



 

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

 

epA+l;ldpd; ,uz;lhtJ tpjpia fk;gpapd; rpWgFjp ePsj;jpw;F Mu topNa 
nray;gLj;j> rkepiyapy; tpirapd; Muj;jpir $W (radial), ikaNehf;F tpirf;F 
rkkhFk;.  

   2dl dl
T v

R R
=  

 

   
T

v


=  

 
fhl;rpg;gjpTfs;:  

 fk;gpapy; Vw;gLk; miyapd; jpirNtfk;  
1. ,Otpirapd; ,Ukb %yj;jpw;F Neh;j;jftpYk;  
2. ePs; epiw mlh;j;jp (Linear mass ) apd; ,Ukb %yj;jpw;F vjph;j;jftpYk;  
3. miy tbtj;ijr; rhuhkYk; mikAk;  

 
kPl;rpj;jd;ik nfhz;l Clfj;jpy; nel;liyapd; jpirNtfk;:  
ePz;l cUis tbtf; Fohapy; FWf;F ntl;Lg;gug;G A> epiyahd epiw nfhz;l 

kPl;rpj; jd;ik Clfk; (,q;Ffhw;iwf; fUJf) P mOj;jj;jpy; cs;sJvd;f. ,e;jf; 
Fohapy; nel;liyfis Xh; ,irf;fitia mjpuitj;Njh> gp];ld; xd;iwf; nfhz;L 
fhw;iw mOj;jpNah Vw;gLj;jyhk;. cUisapd; mr;Rf;F ,izahf miy 
Kd;NdWtjhff; nfhs;f. Muk;gj;jpy; xa;tpy; cs;s Clfj;jpd; mlh;j;jp ρ vd;f. t = 
0 Neuj;jpy; gp];ld; ,lJ KidapypUe;J> u jpirNtfj;Jld; tyJKid Nehf;fp 
efh;fpwJ. 
 
v vd;gJ kPl;rp miyapd; jpirNtfk; u kw;Wk; gp];ldpd; jpirNtfk; vd;f. Neu 

,ilntspapy; gp];ld; efUk; J}uk; Δd = uΔ t kPl;rpj; jd;ik nfhz;l khWghL efh;e;j 

njhiyT Δ x = v Δ t.  
 
Δ tNeu ,ilntspapy; v jpirNtfj;ij mile;j fhw;wpd; epiw Δ  mvd;f.  
   Δm = ρ A Δx = ρ A (v Δ t)  
gp];ld; uvd;w jpir Ntfj;jpy; ,aq;Ftjhy; Vw;gLk; ce;jk;  

   Δ p = [ρ A (v Δ t) ]u 
 fzj;jhf;F vd;gJ ce;jkhWghL vd;gjhy;> 
 epfu fzj;jhf;F 
   I = (Δ P A) Δ t 
  my;yJ(Δ PA) Δ t = [ρ A(vΔ t)]u 
    Δ p = ρvu 
 

fhw;wpd; topahf> xyp miy nry;Yk;NghJ> rpwpa gUkd; cila fhw;Wg;gFjp> 
njhlh;e;J ,Wf;fq;fSf;Fk;> jsh;r;rpfSf;Fk; cl;gLfpwJ. 

   
V

P B
V


 =  

,q;F>V vd;gJ fhw;wpd; njhlf;fgUkd; kw;Wk; K vd;gJ kPl;rp Clfj;jpd; 

gUkf;Fzfk; (Bulk modulus). 
Mdhy; V = Δ x = A v Δ t   
NkYk; Δ V = A Δ d  =Au Δ t 
vdNt 

 
Au t u

P B B
Av t v


 = =


  

xg;gplfpilg;gJ 
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u
vu K

v
 = my;yJ 2 K

v
p

=  

K
v

p
 =  

 nghJthf> kPl;rpClfj;jpy; nel;liyapd; jpirNtfk; 
E

v


=  

 ,q;F>E Clfj;jpd; kPl;rpf;Fzfk; (Modulus of elasticity). 
 
 Neh;Tfs;: jpz;kj;jpw;F 

1. xU ghpkhz jz;L (1 dimensional rod):  

Y
v


=  

,q;F> Y vd;gJ jz;Lr; nra;ag;gl;l nghUspd; aq;Fzfk;> ρ jz;bd; mlh;j;jp. xU 
ghpkhz jz;L aq; Fzfj;ij kl;LNk ngw;wpUf;Fk;.  
 

2. Kg;ghpkhz jz;L (3 dimensional rod): 
jpz;kk; xd;wpd; topNa nel;liyapd; Ntfk;  

  

4

3
B

v





+
=  

,q;F> µ tpiwg;Gf;Fzfk;> B gUkf; Fzfk; kw;Wk; jz;bd; mlh;j;jp.  
 
Neh;Tfs;:jputj;jpw;F:  

   
K

v


=  

,q;F K, gUkf; Fzfk; kw;Wk; ρ jputj;jpd; mlh;j;jp. gUkf; Fzfk; B my;yJ k 
vd;w vOj;jhy; Fwpg;gplyhk;.  

 
  

FWf;fiy> nel;liyfspd; jpirNtfk; kPl;rpg; gz;Gfisg; nghUj;jk; (fk;gpapd; 
,Otpir T, gUkf;Fzfk; B Nghd;wit) kw;Wk; epiykg; gz;GfisAk; (mlh;j;jp 
my;yJ XuyF ePsj;jpw;fhd epiw)  

 
ntt;NtWClfq;fspy; xypapd; Ntfk;  
 

t.vz; Clfk; Ntfk; m s-1 
jpz;kk;  

1 ,ug;gh; 1600 
2 jq;fk; 3240 
3 gpj;jis 4700 
4 jhkpuk; 5010 
5 ,Uk;G 5950 
6 mYkpdpak; 6420 

jputq;fs; (25˚C ,y;) 
1 kz;nzz;nza; 1324 
2 ghjurk; 1450 
3 ePh;  1493 
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4 fly; ePh;  1533 

thA(0˚C ,y;) 
1 Mf;]p[d; 317 
2 fhw;W 331 
3 `Pypak; 972 
4 i`l;u[d; 1286 

thA (20˚C ,y;) 
1 fhw;W 343 

 
 xyp miyapd; guty;: 

xyp miyahdJ nel;liyahFk;. mJ guTk; Clfj;jpy; ,Wf;fq;fSk;> jsh;r;rpfSk; 
vw;gLk;. fPo;f;fz;l ghlg;gFjpapy; fhw;wpy; xypapd; jpir Ntfj;ij epA+l;ldpd; 
Kiwapy; mstplyhk;. gpd;dh; mjd; kPjhd yhg;y]; jpUj;jj;ijAk; fhw;wpy; xypapd; 
jpirNtfj;ij ghjpf;Fk; fhuzpfisAk; tpthjpf;fyhk;.  
 
fhw;wpy; xypapd; jpirNtfj;jpw;fhd epA+l;ldpd; rkd;ghL:  
 
fhw;wpy; xyp guTk; NghJ Vw;gLk; ,Wf;fq;fSk;. jsh;r;rpfSk; kpf nkJthf 
eilngWfpwJ. vdNt ,e;j epfo;it ntg;gepiy khwh epfo;thf epA+l;ld; fUjpdhh;. 
mjhtJ ,Wf;fj;jpdhy; (mOj;jk; mjpfhpf;fpwJ> gUkd; FiwfpwJ) Vw;gLk; ntg;gk; 
kw;Wk; nefpo;tpdhy; Vw;gLk; ntg;g ,og;G (mOj;jk; FiwAk;> gUkd; mjpfhpf;Fk;) 
nkJthf epfo;tjhy; ntg;gepiy khwhky; ,Ug;gjhf epA+l;ld; fUjpdhh;. vdNt 
fhw;W %yf;$Wfis xU ey;ypay;G thAthf fUjpdhy;>  mOj;j> gUkkhWghLfs; 
ghapy; tpjpf;F fl;Lg;gLfpd;wd. fzpjg;gb> 
    PV = khwpyp 
iatifg;gLj;j> 
   PdV + VdP = 0 

  my;yJ
I

dP
P V K

dV
= − =  

,q;F KI fhw;wpd; ntg;gepiy khwh gUkf;Fzfk;> gpujpapl> fhw;wpy; xypapd; jpir 
Ntfk;  

  T
T

B P
v

 
= =  

 
P vd;gJ fhw;wpd; mOj;jk;> NTP (,ay;G ntg;gepiy kw;Wk; mOj;jk;) ,y; P ,d; 
kjpg;G 76 nr.kP ghjur mOj;jkhFk;.  
vdNt> 
  P = hρg 
  P = 0.76 × 13.6 × 103 × 9.8) N m-2 
  ρ  = 1.293 kg m-3 
fhw;wpy; xypapd; Ntfk; (NTP)apy;  

  
3(0.76 13.6 10 9.8)

1.293
T

v
  

=  

= 279.80 m s-1 ≈ 280 ms-1 (fzf;fPl;;L kjpg;G)  
Mdhy;> Ma;T %ykhf 0˚C apy; fhw;wpy; xypapd; jpirNtfk; 332 ms-1 vd 

msf;fg;gl;Ls;sJ. ,e;j kjpg;G> fzf;fPl;L kjpg;ig tpl 16%mjpfk;.  
 

rjtPjg; gpio 
(332 280)

100% 15.6%
332

−
 = . ,J Fiwthd gpio my;y 
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 yhg;y]; jpUj;jk; (Laplace Correction): 
 

1816 y; yhg;y];> NkNy Fwpg;gpl;l Fiwghl;il> “xyp Xh; Clfj;jpy; guTk; NghJ 
Jfs;fs; kpf tpiuthf miyTWtjhy; ,Wf;fq;fSk;> jsh;r;rpfSk; kpf  Ntfkhf 
Vw;gLk;” vdf; fUj;jpy; nfhz;L rhp nra;jhh;. ,Wf;fj;jpdhy; Clfj;jpw;F 
nfhLf;fg;gLk; mjpf ntg;gKk;> jsh;r;rp %yk; Vw;gLk; Fsph;r;rp tpisTk; Rw;Wg; 
Gwj;Jld; rkd; nra;ag;glhJ. Vd; vdpy; fhw;W (Clfk;) Xh; mhpjpw;flj;jpahFk;. 
ntg;gepiy khwhJ vdf; fUjKbahjjhy;> ,J xU ntg;g ghpkhw;wkpy;yh epfo;T 
MFk;. ntg;g ghpkhw;wkpy;yh tpisT vdf; fUJtjhy;> thAgha;rd; tpjpia 
gpd;gw;WfpwJ (epA+l;ld; fUjpaJ Nghy; ghapy; tpjp my;y). vdNt> 

  PV
  = khwpyp 

,q;F P

v

C

C
 = , 

CP –mOj;jk; khwhNkhyhh; jd; ntg;g Vw;Gj;jpwd;  

Cv–gUkd; khwhNkhyhh; jd; ntg;g Vw;Gj;jpwd;  
tifg;gLj;j> 

  1( ) 0V dP P V dV
  −+ =  

  my;yJ
A

dP
P V B

dV
 = − =  

 
 ,q;F KA fhw;wpd; ntg;g khw;wPlw;w tpistpy; gUkf; Fzfk;.  

nghUj;j fhw;wpy; xypapd; jpirNtfk;  

   A
A T

B P
v v

 
 

= = =  

fhw;wpy; Kf;fpakhf iel;u[d;> Mf;rp[d;> i`l;u[d; kw;Wk; gpw (,ul;il mZ 
%yf;$W thA) ,Ug;gjhy;> 1.4 = . vdNt> fhw;wpy; xypapd; jpirNtfk; 

( ) 1 11.4 (280 ) 331.30vA ms ms
− −= = ,J Ma;T KbT kjpg;gpw;F kpf ,Wf;fkhf cs;sJ.  

 
 thAtpy; xypapd; jpirNtfj;ij ghjpf;Fk; fhuzpfs;  
 ey;ypay;G thA xd;iwf; fUJf. mjd; rkd;ghL 
     PV = µR T  

,q;F P - mOj;jk;> V - gUkd;> T - ntg;gepiy> µ - Nkhy;fspd; vz;zpf;if> R–nghJ 
thA khwpyp> nfhLf;fg;gl;l epiw nfhz;l %yf;$Wf;F fPo;f;fz;lthW vOjyhk;;.  

  
PV

T
= khwpyp 

epiw m ia> khwpypahf itj;jhy;> thAtpd; mlh;j;jpahdJ> gUkDf;F 
vjph;jftpy; khWk;  

  
1 m

V
v




 =  

nghUe;jpdhy;> fpilg;gJ 

   
P

cT

=  

,q;F c xU khwpyp. 
nfhLf;fg;gl;l fhw;wpy; xypapd; jpirNtfj;ij fPo;f;fhZkhW vOjyhk;. 
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P

v cT
 


= =   

Nkw;fz;l rkd;ghl;bypUe;J ehk; mwptJ> 
  
 mOj;jj;jpd; tpisT:  

xU epiyahd ntg;gepiyapy;> mOj;jk; khWgLk;NghJ> mlh;j;jpAk; Neh;tpfpjj;jpy; 

khWfpwJ. mjhtJ 
P


 
 
 

epiyahf mikfpwJ. ,jd; nghUs; epiyahd 

ntg;gepiyapy;> xypapd; jpirNtfk; mOj;jj;ijrhuhjJ. xUkiyapd; NkYk;> fPOk; 
ntg;gepiy rkkhf ,Ue;jhy;> xypapd; jpirNtfk; khwhky; ,Uf;Fk;. Mdhy; 
eilKiwapy; kiyapd; NkYk; fPOk; ntg;gepiy rkkhf ,Uf;fhJ. vdNt> xypapd; 
jpirNtfKk; khWgl;bUf;Fk;.  

 

   v T  
 
 ntg;gepiyapd; tpisT: 
 

xypapd; jpirNtfk;> ntg;gepiyapd; (nfy;tpd; kjpg;G) ,Ukb %yj;jpw;F Neh;jftpy; 
khWfpwJ.  
 
v0 vd;gJ 0˚C my;yJ 273 K ,y; xypapd;  jpirNtfk; v vd;gJ VNjDk; xU 

ntg;gepiy T ,y; xypapd; jpirNtfk; vdTk; nfhz;lhy;>  
 

  
0

273

273 273

v T t

v

+
= =  

  0 01 1
273 546

t t
v v v

 = +  + 
 

 

  (<UWg;G tphpit gad;gLj;jp)  
0˚C y; xypapd; jpirNtfk; v0 = 331 ms-1 vd;gjhy;> VNjDk; xU ntg;gepiy t˚Capy;  
  v = (331 + 0.60t) ms-1   

xt;nthU 1˚C ntg;gepiy cah;Tf;Fk; xypapd; jpirNtfk; 0.61 ms-1 mjpfhpf;fpwJ.  
 
Fwpg;G: ntg;gepiy mjpfhpf;Fk; NghJ %yf;$Wfs; mf Mw;wy; mjpfhpg;ghy; Ntfkhf 
mjph;TWk;. vdNt jpirNtfk; mjpfhpf;fpwJ.  
 
mlh;j;jpapd; tpisT:  
 
rkntg;gepiy> mOj;jj;jpy; cs;s xU thAf;fis fUJf. mtw;wpd; mlh;j;jp kl;Lk; 
ntt;NtW vd;f. me;j xU thAf;fspd; topNa xypapd; jpir Ntfq;fs; KiwNa> 

   1
1

1

P
v




=  

   2
2

2

P
v




=  

 tFf;f 
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1

11 1 2

2 2 12

2

P

v

v P


  

 


= =  

 kjpg;G rkkhd thAf;fSf;F> 
 

1 2

2 1

v

v




=  

vdNt> thA xd;wpd; topNa xypapd; jpirNtfk; mlh;j;jpapd; ,Ukb %yj;jpw;F 
vjph;j;jftpy; mikfpwJ.  
 
<ug;gjj;jpd; tpisT(humidity):  
<ug;gjk; cs;s fhw;wpd; mlh;j;jp cyh;e;j fhw;wpd; mlh;j;jpiag; Nghy; 0.625 klq;F 
MFk;. mjhtJ <ug;gjk;> fhw;wpd; mlh;j;jpia Fiwj;J tpLfpwJ. vdNt> <ug;gjk; 
cs;s fhw;wpy; xypapd; jpirNtfk; mjpfhpf;fpwJ.  
 
ρ1, v1, kw;Wk; ρ2, v2, vd;git KiwNa cyh;e;j fhw;W> <ug;gjk; cs;s fhw;wpd; 
mlh;j;jp kw;Wk; xypapd; jpirNtfk; vd;f.  

1

11 2

2 12

2

P

v

v P


 




= =  1 2( r = vdpy;) 

  
P vd;gJ tspkz;;ly mOj;jkhjyhy; fPo;f;fz;lthW vOjyhk;.  

   2

1 1 20.625

P

p p




=
+

 

 ,q;F>p1, p2, KiwNa cyh;e;j fhw;W kw;Wk; ePuhtpapd; gFjp mOj;jq;fs;.  

    
1 2

1 20.625

P
v v

p p
=

=
 

 fhw;wpd; tpisT:  
fhw;W tPRtjhYk; xypapd; jpirNtfk; khWk;. fhw;wpd; jpirapy; xyp nry;Yk; NghJ 
mjd; jpirNtfk; mjpfhpf;fpwJ. fhw;wpw;F vjph;j;jpirapy; xypapd; jpirNtfk; 
FiwfpwJ.  
 
xypmiyfspd; vjpnuhypg;G:  
 
xypmiyfs; xU Clfj;jpypUe;J kw;nwhU Clfj;jpw;Fr; nry;Yk;NghJ> fPo;f;fz;l 
epfo;Tfs; Vw;gLk;.  
 
1. xypapd; vjpnuhypg;G: ,uz;lhtJ Clfk; kpFe;j mlh;j;jpAilajhf 

(cWjpahdjhf) ,Ue;jhy;> xypahdJ KOtJkhf Kjy; Clfj;jpw;Fs;NsNa 
(kPz;LvOfpwJ) vjpnuhypg;G milfpwJ. 
 

2. xypapd; tpyfy;: xyp xU Clfj;jpypUe;J kw;nwhU Clfj;jpw;F nry;Yk; NghJ 
(,uz;lhtJ Clfk; Kjy; Clfj;ij tpl mlh;j;jp mjpfkhf cs;s NghJ) 
mjd; Mw;wy; ,uz;lhtJ Clfj;jhy; cl;ftug;gLtjhy;> Mw;wy; ,og;G 
Vw;gLfpwJ.  
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,e;jg; ghlg;gFjpapy; xypapd; vjpnuhypg;ig kl;Lk; fUJNthk;. xspiag; Nghy;> xypAk; 
vjpnuhypg;G tpjpfSf;F cl;gLk;. mt;tpjpfs;  

1. xypapd; gLNfhzk;>  vjpnuhypg;G Nfhzj;jpw;Fr; rkk; 
2. Xh; gug;ghy; xyp miy vjpnuhypf;fg;gLk; NghJ gL Gs;spapy; gL miy> 

vjpnuhypg;G miy kw;Wk; Fj;Jf;NfhL Mfpait xNu jsj;jpy; mikAk;.  
 
Mb xd;why; xsp vjpnuhspf;fg;gLtJ Nghy;> xypAk; Xh; fbdkhd> rkjs gug;gpy; 
vjpnuhypf;fg;gLtJ gspq;F (Specular) vjpnuhypg;G vdg;gLfpwJ. ,J xypapd; miy ePsk;> 
vjpnuhypg;G gug;ig tpl gug;gpd; NkL> gs;sj;ij tpl rpwpajhf ,Uf;Fk; NghJ Vw;gLfpwJ.  
 
rkjs gug;Gfspy; xypapd; vjpnuhypg;G:  
 
xyp miyfs;> rkjsRth; kPJ NkhJk; NghJ> (xsp miyfs; NghyNt) me;j Rtw;wpypUe;J 
kPz;nlOfpd;wd (bounces off) xypg;ghd; xd;W Rtw;wpw;F rha;thf xU Fwpg;gpl;l Nfhzj;jpy; 
itf;fg;gl;lhy;> %yj;jpypUe;J (xypg;ghd;) tUk; xyp (Gs;spxyp %yk; vdf;fUJf) ia 
Nfhs miy Kfg;ghf fUjyhk;. vdNt>Rtuhy; vjpnuhypf;fg;gLk; miyKfg;Gk; Nfhsf 
miyKfg;ghfNt  mikAk;. mjDila tisT ikaj;ij (,J rkjsgug;gpd; kWGwk; 
mike;jpUf;Fk;) xyp %yj;jpd; gpk;gkhf fUjyhk; (kha my;yJ fw;gid xypg;ghd;) NkYk; 
,J jsj;jpd; gpd;Gwk; mike;Js;sJ vdTk; fUjyhk;.  

  
tisT gug;Gfspy; xypapd; vjpnuhypg;G:  

 
xypapd; gz;G vjpnuhypf;fg;gl;l gug;igAk; nghUj;jJ. Fop> Ftp kw;Wk; rkjs gug;Gfshy; 
vjpnuhypf;fg;gl;l xyp miyfspd; gz;Gfs; ntt;Ntwhf cs;sd. Ftp gug;ghy; 
vjpnuhypf;fg;gl;l xyp tphpe;J nry;tjhy;> mjd; typik (Mw;wy;) Fiwe;J tpLfpwJ.  

 
mNj rkak; Fop gug;ghy; vjpnuhypf;fg;gl;l miy xU Gs;spapy; Ftpf;fg;gLtjhy; vspjhf 
ngUf;fkilAk; (typik> Mw;wy; mjpfhpf;fpwJ). gutisa vjpnuhypg;ghd;fs; (tisT 
vjpnuhypg;ghd;) xyp miyfis  Fwpg;gpl;lGs;spapy; Ftpg;gjw;fhf tbtikf;fg;gLfpd;wd. 
,it> mjpf jpir gz;Gila Ez;zpa xypg;ghd;fis (microphones) tbtikf;fg; 
gad;gLfpd;wd.  

 
ve;j xU gug;Gk; (tOtOg;ghdJ my;yJ nrhunrhug;ghdJ) xypia cl;ftUk; vd  ehk; 
mwpNthk;. vLj;Jf;fhl;lhf nghpa miwfs; my;yJ fiyauq;fq;fs; my;yJ jpiuauq;Ffs; 
Mfpatw;wpy; Vw;gLj;jg;gLk; xyp mjd; Rth;fs;> Nkw;$iufs;> jiu kw;Wk; ,Uf;iffshy; 
nghpJk; cl;ftug;gLfpwJ. ,e;j ,og;;ig jLf;f> tisT xypgug;Gfs; (Fop gug;Gfs;) 
xypg;ghd; Kd;ghf mikf;fg;gLfpd;wd. ,it xypg;ghdpypUe;J tUk; xypia Nfl;Nghh; 
$l;lk; (audience) Nehf;fp vjpnuhypf;fpd;wd. ,e;j Kiw vy;yh jpirfspYk; xypguTtijf; 
Fiwj;J> muq;fk; KOtJk; rPuhf xypguTtij Nkk;gLj;JfpwJ. vdNt jhd; muq;fj;jpy; 
ve;jg; gFjpapy; mkh;e;jpUg;gtUf;Fk; xypahdJ ve;jtpj jilAkpd;wp nrd;wilfpwJ.  

 
xyp vjpnuhypg;gpd; gad;fs;:  

 
,jaj;Jbg;Gkhdp: ,J xypapd; gd;klq;fhd vjpnuhypg;gpd; jj;Jtj;jpy; ,aq;FfpwJ.  

 
,J %d;W gFjpfis nfhz;lJ.  

 
1. ,jaj;jpd; kPJitf;Fk; gFjp 
2. fhjpy; itf;Fk; gFjp 
3. ug;gh; Foha;;  

 
1. ,jaj;jpd; kPJitf;Fk; gFjp: ,J rpwpa jl;L tbtpyhd xj;jjph;Tr; rt;T. 

,J xypia kpf Ez;zpakhf czUk;. NkYk; czh;e;j xypia ngUf;Fk;.  
 

2. fhjpy; itf;Fk; gFjp: ,J cNyhff; Foha;fshy; MdJ. ,J ,jaj;jpypUe;J 
czh;e;j xypia Nfl;fg; gad;gLfpwJ.  
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3. ug;gh; Foha;: ,J ,jak; kPJ itf;Fk; gFjpiaAk; fhjpy; itf;Fk; 
gFjpiaAk; ,izf;fpwJ. ,jak; kPJitf;Fk; gFjpapd; rt;T czh;e;j  
xypiafhjpy; itf;Fk; gFjpf;F vLj;Jr; nry;fpwJ. EiuaPuypd; rj;jk; my;yJ 
,jaj;jpd; Jbg;G  my;yJcly; cs; cWg;Gfs; Vw;gLj;Jk; xypia czh;e;J> 
mij fhjpy; itf;Fk; gFjpf;F ug;gh; Fohapy; Vw;gLk; gd;klq;F vjpnuhypg;G 
%yk; vLj;Jr; nry;fpwJ.  

 

4. vjpnuhyp: Rth; my;yJ kiy my;yJ ve;jnthU xypj;jil gug;gpdhYk; xyp 
vjpnuhypf;fg;gl;L> kPz;Lk; kPz;Lk; Nfl;fg;gLk; xypvjpnuhyp vdg;gLk;. 20˚C apy; 
fhw;wpy; xypapd; Ntfk; 344 ms-1. 344 m njhiytpYs;s Rtw;wpid Nehf;fp ehk; 
rg;jk; nra;jhy; mJ 1 tpehbapy; Rtw;iw milAk;. Rtw;wpy; vjpnuhypj;j 
gpwF> NkYk; 1 tpdhb fopj;J me;j xyp ek;ik milAk;. vdNt> ,U 
tpdhbfs; fopj;J vjpnuhypia Nfl;Nghk;.  

 

mwptpay; mwpQh;fspd; fzf;fPl;bd; gb>ehk; ,U xyp miyfis> njspthf 
Nfl;ff;  $bakpff; Fiwe;j Neu ,ilntsp (kdpj nrtpapd; njhlh; Nfl;Fk; 

jpwd;) xU tpehbapd; 
1

10
gFjp mjhtJ 0.1s MFk;.  

   jpirNtfk; =
2d

t
=

fle;j J}uk;

vLj;J nfhz;l Neuk;
 

2d = 344 0.1 = 34.4 m  
   d = 17.2 m  
20˚C-apy; vjpnuhyp Nfl;f> vjpnuhyp (echo) Nfl;f> vjpnuhypf;Fk; Rth; (gug;G) 
mika Ntz;ba Fiwe;j gl;rj; njhiyT 17.2 m.  

 
 

Nrhdhh; (SONAR) : Sound Navigation and Ranging xyp vjpnuhypg;G %yk; flypDs; 
NjLjy; kw;Wk; fz;L gpbj;jy; fUtp.  
Nrhdhh; fUtp xypapd; vjpnuhypg;igg; gad;gLj;jp ePhpDs; cs;s nghUspd; epiy 
my;yJ ,af;fj;ij czug; gad;gLfpwJ. ,Nj Kiwapy; jhd; lhy;gpd;fSk;>  
tt;thy;fSk; ,Uspy; $l jhq;fs; nry;y Ntz;ba topia Njh;e;njLf;fpd;wd.  
 
vjph; Kof;fk; (Reverberation): %ba miw xd;wpDs; xyp njhlh;e;J Rth;fspdhy; 
vjpnuhypf;fg;gLk; NghJ> xyp %yk; xyp Vw;gLj;Jtij epWj;jpa gpwFk;> xyp 
Nfl;fg;gLk;. ,t;thW Xh; miwapy; xyp kPjp (Reverberation) ,Uf;Fk; epfo;T vjph; 
Kof;fk; vdg;gLk;. xyp %yk; xyp Vw;gLj;Jtij epWj;jpa gpwF xyp Nfl;Fk; Neuk; 
“vjph; Kof;f Neuk;’(Reverberation time) vdg;gLk;. vjph; Kof;f Neuk; $lj;jpy; 
xypapd; jdpapay;igg; ghjpf;Fk;. vdNt> muq;fq;fs; cfe;j msT vjph; KOf;f 
Neuk; mikAkhW mikf;fg;gLfpwJ.  
 
Fwpg;G:  
xyp miyfspd; tiffs;: xypmiyapd; mjph;ntz; mbg;gilapy; xyp miyfis 3 
FOf;fshfg; gphpf;fyhk;.  
 
1. Nfsh xyp (jho; mjph;ntz; miy Infrasonic) 20 Hz tplFiwthd mjph;ntz; 

cila xyp miyfs; kdpjd; Nfl;fKbahj (Nfsh) xyp  vdg;gLk;. ,e;j 
miyfs; epyeLf;fj;jpd; NghJ Vw;gLk;. ghk;Gfs; ,e;j mjph;ntz; cila  
xypfisNfl;ff;$bait.  
 

2. nrtpAzh; xyp(Audible Waves):  
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20 Hz Kjy; 20 kHz (20,000 Hz) tiu mjph;ntz; cila xyp miyfs; kdpj 
nrtp czUk; miyfs; vdg;gLk;. Nkw;fz;l mjph;ntz; neLf;f xyp miyfis 
kdpjdpd; nrtpahy; czu ,aYk;.  
 

3. kPnahyp (cah; mjph;ntz; xypmiyUltrasonic) 
20 kHzia tpl mjpf mjph;ntz; cila xyp miyfs; kPnahyp vdg;gLk;. 

tt;thy;fs; (Bats) ,e;j xypia Vw;gLj;jTk;> Nfl;fTk; $bait.  
 

Nrziy Ntfk; (Supersonic speed) 
Xypapd; jpirNtfj;ij tpl mjpf Ntfj;jpy; ,aq;Fk; nghUs; Nrziy 
Ntfj;jpy; (Supersonic speed) nry;tjhf fUjg;gLk;.  
 
khf; vz;  
%yj;jpd; jpirNtfj;jpw;Fk;> xypapd; jpirNtfj;jpw;Fk; ,ilNaahd jfNt khf; 
vz; vdg;gLk;.  

 

khf; vz; = 
%yj;jpd; jpirNtfk;

xypapd; jpirNtfk; 
 

Kd;NdW miy my;yJ ,aq;Fk; miy:  
 
miy xd;W Clfj;jpy; njhlh;e;J Kd;Ndwpr; nrd;why; me;j miy Kd;NdWmiy  
my;yJ ,aq;Fk; miyvd;Wngah;.  
 
Kd;NdWmiyapd; gz;Gfs;:  
 

1. Clfj; Jfs;fs; mjd; rkepiyg; Gs;spia ikakhff; nfhz;L khwhj tPr;rpy; 
mjph;TWfpd;wd.  

2. xt;nthU Jfspd; fl;lKk; 0 Kjy; 2  tiukhWfpd;wd.  
3. ve;jnthU JfSk; njhlh;e;J xa;tpy; ,Ug;gjpy;iy. miy Kd;NdWk; NghJ 

xt;nthU fil epiy Gs;spfspy; kl;Lk; ,U Kiw Xa;T epiyf;F tUfpd;wd.  
4. Kd;NdW FWf;fiyfs; KfLfs; mfLfshfTk;> Kd;NdW nel;liyfs; ,Wf;fq;fs;> 

jsh;r;rpfshfTk; guTfpd;wd.  
5. Jfs;fs; rkepiyg;Gs;spia flf;Fk;NghJ rkmsT ngUk jpirNtfj;jpy; 

nry;fpd;wd.  
6. nλ njhiytpy; (n - xU KO vz;) gphpf;fg;gl;l Jfs;fspd; ,lg;ngah;r;rp> jpirNtfk;> 

KLf;fk; rkkhFk;.  
 
rkjs Kd;NdW miyf;fhd rkd;ghL: 
 
t = 0s y; ,Oj;Jf; fl;lg;gl;l fk;gpia rl;nld ,Oj;J tpL. nfhLf;fg;gl;l khWghl;bdhy; 

Vw;gl;l Jbg;G Neh;f;Fwp x jpirapy; epiyahd Ntfk; v y; Kd;Ndwp nry;fpwJ.  
 
miyj;Jbg;gpd; tbtj;ij  fzpj Kiwapy; t = 0 tpdhbapy; y = y (x,0) = f(x) 
vdFwpf;fyhk;. miyj;Jbg;gpd; tbtk; mjd; Kd;NdWk; ghijapy; khwhJ vdf; 
fUJNthk;. rpwpJ Neuk; t f;F gpwF> tyg;gf;fk; efh;j;j Jbg;ig x’ vdf; Fwpg;Nghk;  
  ( , ) ( ') ( )y x t f x f x vt= = = −  

,Nj Nghy;> miyj;Jbg;G epiyahd jpirNtfk; v Ald; ,lg;gf;fk; ,aq;Ftjhff; 

fUjpdhy;> ( )y f x vt= +  

 
,U miyfs; ( )y f x vt= + Ak; ( )y f x vt= − Ak; fPo;f;fz;l xU ghpkhz tiff;nfO 

rkd;ghl;bw;F nghUe;Jk;> mJNt miyr; rkd;ghL vdg;gLfpwJ.  
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2 2

2 2 2

1y y

x v t

 
=

 
 

,q;F FwpaPL   gFjp tiff; nfOitf; (Partial derivative) Fwpf;fpwJ. Nkw;fz;l 
rkd;ghl;bd; midj;J jPh;TfSk; miyf;F nghUe;jhJ Vnddpy; ve;j xU Vw;ff;$ba 
miyAk; epiyahd kjpg;Gfis midj;J x kw;Wk; tf;F ngw Ntz;Lk;. Mdhy;> xU 
rhh;G xU miyia Fwpj;jhy;> mJ Nkw;fz;l tiff;nfO rkd;ghl;bw;F 
nghUe;jNtz;Lk;. xU ghpkhzj;jpy; (xU jdpg;gl;l khwp)>x– Ig; nghUj;j nkhj;j 
tiff;nfOTk; gFjptiff;nfOTk; xd;Nw mij xU ghpkhzj;jpy; (xU jdpg;gl;l 
khwp)>x- Ig; nghUj;j nkhj;j tiff;nfOTk; gFjp tiff;nfOTk; xd;Nw> mij 

   
2 2

2 2 2

1d y d y

dx v dt
=  

,ij xU ghpkhzj;jpw;F NkYk; (,uz;L> %d;W>NkYk;) vOjyhk;. vspikf;fhf xU 
ghpkhz miyr;rkd;ghl;lkl;Lk; fUJNthk;.  
 
miy xd;wpd; tiugltbtk;:  
fPo;f;fz;l ,U tbt miy khWghLfis tiuglkhf fhl;LNthk;.  
1. ntsp (my;yJ ,lQ;rhh;e;j) khWghL tiuglk; (space variation graph) 
2. fhyk; (my;yJ Neuk; rhh;e;j) khWghL tiuglk; (time variation graph)  
 
ntspkhWghL tiuglk;: 
 
ird; rhh;Gtiu glk; y = A sin (kx) Neuj;ij epiyahff; nfhz;L> xiag; nghWj;J 
,lg;ngah;r;rpkhWghL tiuag;gl;Ls;sJ. y = A sin (kx) vd;w ird; rhh;G 

tiuNfhLfhl;lg;gl;Ls;sij fUJNthk;. ,q;F k xU khwpyp. λ miy ePsk; vd;gJ 

xNu mjph;T epiyapy; cs;s ,U mLj;jLj;j Gs;spfSf;fpilNaahdj; njhiyT. y 
= x kw;Wk; y = x + λ vd;w ,U KidfspYk; ,lg;ngah;r;rp y MdJ xNu msT. 
mjhtJ> 
 
y = A sin (kx) = A sin (k(x+λ)) 
  = A sin (kx + kλ) 
ird; rhh;G xU rPuhd Neu Kiwapy; khWk; (,q;F Neu 2 ) vdNt> 
  y = A sin (kx+ 2 ) = A sin (kx)  
xg;gpl> 
  kx + k λ = kx + 2  
,Jfhl;LfpwJ> 

  12
k radm




−=  

,q;F k vd;gJ miyvz;. ,J 2  Nubadpy; vj;jid miyfs; cs;sd vdf; 
fhzTk; my;yJ vt;tsT Ntfkhf miy> ntspapy; miyTWfpwJ vdf; fhzTk; 
gad;gLfpwJ. miyapd; ntspr;rhh;e;j Kiwahd mjph;T (Periodicity) 

   
2

m
k

 =  

 t = 0 s y; y(x,0) = y (x = λ, 0) 
VNjDk; xU Neuk; tapy; y(x, t) = y(x + λ, t)  
 
Neu khWghL tiuglk; (Time variation graph)   
epiykhwhky; cs;sNghJ> Neuj;ijg; nghUj;J> ,lg;ngah;r;rpapy; Vw;gLk; khWghL 
tiuglkhf tiuag;gl;Ls;sJ. y = A sin (ωt) vd;wird; rhh;G tiuglj;ijf; 

fUJNthk;. ,q;F ω Nfhz mjph;ntz;. ,J Neuj;ijg; nghWj;J vt;tsT tpiuthf 
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miy miyTWfpwJ my;yJ xU tpdhbf;F vj;jid Row;rpfs; Vw;gLfpwJ vd;gijf; 
fhl;LfpwJ. NeuQ; rhh;e;j ,ilntsp tpiutjph;T (Periodicity) 
 
 

   
2 2

T
T

 


=  =  

Nfhz mjph;ntz;> mjph;ntz;Zld; fPo;f;fz;lthW njhlh;Gglj;jg;gl;Ls;sJ. 
2 f = ,q;F f mjph;ntz; Clfj;Jfs; xU tpehbapy; Vw;gLj;Jk; miyTfspd; 

vz;zpf;if vd tiuaWf;fg;gLfpwJ. mjph;ntz;zpd; jiyfPop miyT Neukhjyhy;> 

    T =
1

s
f

 

T Clfj;Jfs; xU miyit (mjph;it) Kbg;gjw;fhd Neuk;. vdNt> miyapd; 
Ntfj;ij> miy 1 tpehbapy; flf;Fk; njhiyT vd tiuaWf;fyhk;.  

   1
v f ms

T

  −= =  

Jfs; jpirNtfk; kw;Wk; miyjpir Ntfk;:  
rkjs Kd;NdW miyapy; (rPhpir) Clfj;jpd; Jfs;fs; mtw;wpd;  
rkepiyg; Gs;spia ikakhff; nfhz;L jdpr;rPhpirapy; miyTWfpd;wd. Jfs; xd;W 
,af;fj;jpYs;s NghJ> ve;j xU fzj;jpYk; mjd; ,lg;ngah;r;rp khWk; tPjk; 
jpirNtfk; vd tiuaWf;fg;gLfpwJ. ,JNt Jfspd; jpirNtfk;  

   1

p

dy
v ms

dt

−=  

 Mdhy;> ( , ) sin( )y x t A k x t= −  

 ,NjNghy;> cos( )
dy

A k x t
dt

 = −  

,NjNghy; Kd;NdW (,aq;Fk;) miyapd; jpirNtfj;ij (,q;FNtfk;) tiuaWf;fyhk;. xU 
Kd;NdW miyiaf; fUJNthk;. ,J tyg;gf;fk; Nehf;fp ,aq;FfpwJ vd;f. fzpjtbtpy; 
xUird; miyahff; fhl;lyhk;. P vd;gJ mjd; fl;lj;jpy; xh; Gs;sp vd;f. yp vd;gJ 

rkepiyapypUe;J  mjd; ,lg;ngah;r;rp vd;f. ve;jnthUfzj;jpYk; (t) ,lg;ngah;r;rpahdJ 
   y = y(x, t) = A sin (k x – ωt)  

 
mLj;j fzk; t’ = t + Δtapy; P d; epiyx’ = x + Δxvd;f. ,e;jg; Gjpa fzfj;jpy; (t) 
,lg;ngah;r;rp 
   ( ', ') ( , )y y x t y x x t t= = + +  

   sin [ ( ) ( )]A k x x t t= + − +  

miyapd; tbtk; khwhjJ mjhtJ miyapd; fl;lk; khwhJ (vdNt y ,g;ngah;r;rp xU  
khwpyp) vdNt rkg;gLj;j> 
fl;lk; khwhJ (vdNt y ,lg;ngah;r;rp xU khwpyp) vdNt rkg;gLj;j> 
  y(x’, t’) = y(x,t),  
 A sin [k(x + Δ x)-ω (t + Δ t)]= A sin (k x – ω t) 
   
my;yJ 
   ( ) ( )k x x t t k x t + − + = − =khwpyp 
 
jPh;f;f> 

   
p

x
v v

t k


= = =


 

,q;F vp miyapd; jpirNtfk; (wave velocity) my;yJ fl;l jpirNtfk; (phase velocity) 
Nfhz mjph;ntz;> miy vz;fis mjph;ntz; kw;Wk; miyePsk; %yk; vOj> ,jd; %yk; 
Nfhz mjph;ntz;> miyvz; kw;Wk; jpir Ntfq;fis fPo;f;fz;lthW vOjyhk;.  
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  jpirNtfq;fis fPo;f;fz;lthW vOjyhk;  

    
2

2 f
T

 = =  

    
2

k



=  

    v f
k

 = =  

Nkw;nghUe;Jjy; jj;Jtk;:  
xU Kidapy; fl;lg;gl;l fk;gpapd; xU Kidia rl;nld;W Nky; ,Oj;Jtpl;lhy;> 
miyj;Jbg;G Vw;gLk;. NkYk; mJ fk;gpapy; Kd;Ndwpr; nry;fpwJ. khwhf fk;gpapd; ,U 
KidiaAk; ,Uth; gpbj;Jf;nfhz;L> ,UtUk; xNu fzj;jpy; mk;Kidfis rl;nld;W 
Nky; ,Oj;Jtpl;lhy;> ,uz;L miyj; Jbg;Gfs; xd;iw Nehf;fp xd;W efh;e;J> xU Gs;spapy; 
re;jpj;J> mg;Gs;spia fle;J mNj tbtpy; nry;Yk;. Mdhy;> FWf;fpLk; Gs;spapy; kl;Lk; 
mtw;wpd; gz;G KOtJk; khWgl;L> fhl;bathW FWf;fpLk; Jbg;Gfs; xNu tbtk; 
ngw;Ws;sdth my;yJ vjph; tbtk; ngw;Ws;sdth vd;gijg; nghWj;J mikAk;.  
 
xNu tbtk; nfhz;l Jbg;Gfs;> FWf;fpLk; NghJ njhFgad; ,lg;ngah;r;rp> jdpg;gl;l 
,lg;ngah;r;rpfspd; $Ljyhf miktjhy;> mq;F tPr;R> jdpg;gl;l ,UJbg;Gfspd; tPr;Rfis 
tpl mjpfkhf ,Uf;Fk;. mNj Neuj;jpy; ,U Jbg;Gfspd; tPr;Rfs; rkkhf ,Ue;J> Mdhy; 
tbtq;fs; 180 vjph;fl;lj;jpy; FWf;fpl;lhy;> tPr;Rfs; xd;iwnahd;W mopj;Jf; nfhz;Lk;> 
mg;Gs;spiaf; fle;j gpwF mNj tbtj;ij kPz;Lk; ngw;W vjph; vjpuhf Kd;NdWfpd;wd. 
miyfs; kl;LNk ,JNghd;w Mr;rhpag;gLk; gz;ig ngw;Ws;sd. ,e;epfo;it ehk; 
Nkw;nghUe;Jjy; jj;Jtk; vd;fpNwhk;. miyfs; FWf;fpLk;NghJ Vw;gLk; njhFgad; 
gz;Gfis Nkw;nghUj;Jjy; jj;Jtk; tpsf;FfpwJ.  
 
,ij vj;jid miyfSf;F Ntz;LkhdhYk; tphpTgLj;jyhk;. mjhtJ ,uz;L my;yJ 
mjw;F Nkw;gl;l miyfs; xNu Neuj;jpy; Xh; Clfj;jpy; FWf;fpl;lhy;> njhFgad; 
,lg;ngah;r;rpahdJ> jdpg;gl;l miyfspd; ,lg;ngah;r;rpfspd; ntf;lh; $Ljyhf mikAk;. 
miyfs; vd;gJ miyr;rkd;ghl;bw;F nghUe;jp (miyr; rkd;ghL vd;gJ ,Ugb gFjp 
tiff;nfO Neh; rkd;ghL) mike;Js;sd. mitNeuhf ,izAk; NghJ (miyfspd; Neh; 
Nkw;nghUe;Jjy; vd miof;fg;gLfpwJ) njhFgaDk; mNj tiff;nfO rkd;ghl;Lld; 
nghUe;Jk;.  
 
fzpj Kiwapy; Ghpe;Jnfhs;s ,U rhh;Gfis> miyfspd; ,lg;ngah;r;rpfisf; fUJNthk;.  

vLj;Jf;fhl;lhf> 
  y1 = A1 sin (kx – ωt) 
 kw;Wk;  

   y2 = A2 cos (kx – ωt)  
y1, y2 ,uz;Lk; miy rkd;ghl;Lf;F xj;Js;sjhy;> mjd; $Ljy;> 

     y = y1 + y2 
,JTk; miyr;rkd;ghl;bw;F nghUe;JfpwJ. mjhtJ> ,lg;ngah;r;rpfs; $LjYf;F 
cl;gLk; jd;ikAilait. y1,y2 it xU khwpyp %yk; ngUf;fpdhy; mtw;wpd; tPr;R 
me;j khwpyp klq;F mjpfhpf;Fk;.  
 
mjhtJ C1, C2 vd;w khwpypfisf; nfhz;L KiwNa ,lg;ngah;r;rp y1,y2 ia 
ngUf;fpdhy;> njhFgad; ,lg;ngah;r;rp 

    y= C1y1 + C2y2 
,ij vj;jid miyfSf;F Ntz;LkhdhYk; nghJthf;fyhk;. vLj;Jf;fhl;lhf n 
miyfis fUjpdhy;> NkYk; xUghpkhzj;ijtpl mjpf ghpkhzq;fspy; fUjpdhy;> 
ehk; ,lg;ngah;r;rpia ntf;lh; tbtpy; vOjNtz;Lk;. ,jd; mbg;gilapy; njhFgad; 
,lg;ngah;r;rp> 
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1

n

i i

i

y C y
=

=  

 
 Nkw;nghUe;Jjy; jj;Jtk; fPo;f;fz;ltw;iw tpsf;FfpwJ.  

 
1. ntsp (my;yJ) ntsp rhh;e;j FWf;fPl;L tpisT (,JNt vspikahf FWf;fPl;L 

tpisT vdTk; fUjg;gLfpwJ) 
 

2. Neuk; my;yJ NeuQ;rhh;e;j FWf;fPl;L tpisT (tpk;ky;fs; vdTk; 
miof;fg;gLfpwJ) 
 

3. epiy miyfs; jj;Jtk;  
 

Nkw;nghUe;Jjy; jj;Jtj;jpw;F xj;Jr; nry;Yk; miyfs; (tPr;R> miyePsj;ij tpl 
kpff;Fiwthf cs;s miyfs;) Neh; miyfs; vdg;gLk;. miyapd; tPr;R mjpfkhf 
,Ue;jhy;> me;j miyfs; Neh; jd;ikaw;w miyfs; vdg;gLk;. ,e;j miyfs; Neh; 
Nkw;nghUe;Jjy; jj;Jtj;ij kPWk;. vLj;Jf;fhl;L: Nyrh;> ,e;j ghlj;jpy; ehk; Neh; 
miyfis kl;Lk; ghh;g;Nghk;. fPo;f;fz;l Jizj; jiyg;Gfspy; xd;wd; gpd; xd;whf 
tpthjpg;Nghk;. 

 
 miyfspd; FWf;fPl;LtpisT:  

,U miyfs; Nkw;nghUj;Jtjhy; mjd; njhFg;G miyapd; tPr;rpy; Vw;gLk; 
mjpfhpg;G> FiwT my;yJ tPr;R khwhky; ,Uf;Fk; tpisT FWf;fPl;L tpisT 
vdg;gLk;.  
 
xNu mjph;ntz;Zk;> epiyahd fl;lNtWghL φ kw;Wk; xNu miy tbtk; nfhz;l 

,U rPhpir miyfs; (Xhpay; %yq;fs; vdf; fUjyhk;) mtw;wpd; tPr;Rfs; A1, 
A2vdpy;  

    1 1 sin( )y A kx t= −  

    2 2 sin( )y A kx t = − +  

 
xNu jpirapy;> xNu Neuj;jpy; ,aq;fpdhy; mitfspd; FWf;fPl;L tpisT (mjhtJ 
,U miyfSk; xd;Wld; xd;W Nkw;nghUe;Jjy;) Vw;gLk; fzpjg;gb> 

    y = y1 + y2 
 nghUj;j ekf;F fpilg;gJ> 

   1 2sin( ) sin( )y A kx t A kx t  = − + − +  

jphpNfhzkpjpg;gb 
sin( ) (sin cos cos sin )     + = +  

 vdNt 
y = A1 sin (kx - ωt) + A2 [sin (kx – ωt) cos φ + cos (kx – ωt) sinφ] 

  1 2 2sin ( )( cos ) sin cos ( )y kx t A A A kx t   = − + + −  

  A 1 2cos ( cos )A A = +  

  kw;Wk; 2sin sinA A =  

 
vdf; nfhz;lhy; rkd;ghL khw;wp vOjyhk;  

  sin( )cos cos( )siny A kx t A kx t   = − + −  

  (sin( )cos sin cos( )y A kx t kx t   = − + −  

  sin( )y A kx t = − +  
kw;Wk; it ,Ukbahf;fp $l;l> 

  
2 2 2

1 2 1 22 cosA A A A A = + +  
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nrwpT vd;gJ tPr;rpd; ,Ukb vd;gjhy; (I = A2) njhFgad; nrwpT mg;Gs;spapy; 
fl;lNtWghl;il nghUj;J mikAk;.  

   
1 2 1 22 cosI I I I I = + +  

 
Mf;ff; FWf;fPl;L tpistpw;F:  
 
xU miyapd; KfL> kw;nwhU miyapd; KfLld; Nkw;nghUe;Jk; NghJ> mtw;wpd; tPr;Rfs; 
$l;lg;gl;L> Mf;ff; FWf;fPl;L tpisT Vw;gl;L> mjd; tPr;R jdpg;gl;l miyfspd; 
tPr;Rfis tpl mjpfkhf ,Uf;Fk;.  
 
Mf;f FWf;fPl;L tpisT xU Gs;spapy; Vw;gl;lhy; mg;Gs;spapy; nrwpT ngUkkhf ,Uf;Fk;;. 
mjhtJ 
  cos 1 0,2 ,4 ,..... 2 ,n    = +  = =  

,q;Fn = 0, 1, 2, …..  
 
,e;jfl;l NtWghl;by;> ,U miyfs; Nkw;nghUe;jpdhy;>Mf;ff; FWf;fPl;L tpisT Vw;gLk;.  

  ( )2
2

m 1 2 1 2I ( )
aximum

I I A A= + = +  

vdNt> njhFgad; tPr;R> 
   A = A1 + A2 

 
mopTFWf;fPl;LtpisT:  
 
xU miyapd; mfL> kw;nwhU miyapd; KfL cld; Nrh;e;jhy; (Nkw;nghUe;jpdhy;) mq;F 
mopT FWf;fPl;L tpisT Vw;gLk;. mopT FWf;fPl;L tpisT Vw;gLk; Gs;spapy; 
nrwpTrpWkkhf ,Uf;Fk;. mjhtJ cos 1 ,3 ,5 ,.... (2 1) ,n     = −  = = − ,q;Fn = 0, 1, 2, 

…..,e;jf; fl;lNtWghl;Lld; ,U miyfs; Nkw;nghUe;Jk; NghJ mopT FWf;fPl;L tpisT 
Vw;gLk;.  
vdNt> 

  IrpWkk; ( )2
2

21 1 2( )I I A A= − = −  

njhFgad; tPr;R:  

     A = 1 2A A−  

mopT FWf;fPl;L tpisTf;F xU vspa fhl;rp tpsf;fk; nra;Jfhl;lyhk;. 
S vd;w xypg;ghdpypUe;J (Speaker) xyp miyfs; P vd;wFoha; %yk; mDg;gg;gLfpwJ. P 
MdJ T tbtpyhd xU  re;jpahf cs;sJ. vdNt xyp miyapd; ghjp Mw;wy; xU 
jpirapYk; kWghjp Mw;wy; vjph; jpirapYk; nry;fpwJ. ,Nj Nghy; xyp Mw;wy; 
Nehf;FeiuAk; ,Ughijfspd; topNa nrd;wilfpwJ. xyp miyahdJ xypg;ghdpypUe;J> 
Nehf;F eiu VNjDk; xU ghij topNa nrd;wilAk; ghijePsk; r vd;f. glj;jpypUe;J fPo; 
ghij ePsk; r1 epiyahdJ Nky;ghij  ePsk; MdJ> NkNy cs;s efUk; Foha; %yk; 

khw;wf;$baJ. ,e;j ,U ghij ePsq;fSf;fhd NtWghL ghij NtWghL Δr vdg;gLfpwJ.  
 
ghij NtWghL λ, RopahfNth my;yJ miy ePsq;fspd; (λ) KO vz; klq;FfshfNth 
,Uf;Fk;> vdpy;  
   Δr = nλ 
   ,q;F>n = 0, 1, 2, 3…. 
r1 r2 ghijfspy; tUk; ,t;tpUmiyfs; ve;jnthUf; fzj;jpYk; Nehf;Feiu xNu fl;lj;jpy; 

(fl;lNtWghL 0˚ my;yJ 2 ) re;jpf;Fk; NghJ Mf;ff;FWf;fPl;L tpisit Vw;gLj;Jk;. ,e;j 
epfo;Tfspy; (Nehf;Feuhy;) xypapd; nrwpT ngUkkhf czug;gLk;.  
 
ghij NtWghL miy ePsj;jpd; (λ) miu vz; kjpg;Gfshf mike;jhy;> fzpjg;gb> 



 

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

 

  
2

r n


 =  ,q;F>n = 1, 3 

  (n xw;iwvz;)  

,e;j epiyapy; fhl;bathW> r1 r2ghijfspd; topNa Nehf;Feiu ve;j xU fzj;jpYk; 

milAk; xyp miyfs; vjph; fl;lj;jpy; (fl;lNtWghL my;yJ 180˚) mikAk; NghJ 
mopT FWf;fPl;L tpisT Vw;gLk;.  
 
,e;epfo;Tfspy;> Nehf;Feuhy; rpWk nrwpT (my;yJ RopnrwpT mjhtJ xypNa ,Uf;fhJ) 
czug;gLk;. ghij NtWghL> fl;l NtWghLfSf;fpilNaahd njhlh;G 

 fl;lNtWghL= 
2

 (ghijNtWghL)  

   
2

r



 =  my;yJ
2

r
 


 =   

DB = 10 m kw;Wk; OC = 
1

2
 (5) = 2.5  

  CD = OC - 1 = 2.5 m + 1 m = 1.5 m  

  2 2

1 (10) (1.5) 100 2.25x = + = +  

  = 102.25 10.1m=  
 
nrq;Nfhz Kf;Nfhzk; EFB y;  

  DB = 10 m kw;Wk; OE = 
1

2
 (5) = 2.5 m = FA 

  FB = FA + AB = 2.5 m + 1 m = 3.5 m  

  2 2

2 (10) (3.5) 100 12.25x = + = +  

  = 112.25 10.6m=   

ghij NtWghL 2 1 10.6 10.1x x x m = − = − m = 0.5 m. ,e;j ghij NtWghL 
2


tpw;F rkkhf 

Ntz;Lk;.  

   0.5 1.0
2

x m
  = =  =  

xyp %yj;jpd; mjph;ntz; fhz> 

   
343

343
1

v
v f f Hz


=  = = =  

      = 0.3 kHz 
  

Xypg;ghd;fs;> %yj;jpypUe;J vjph;fl;lj;jpypUe;jhy; ghijNtWghL 
2


NkYk; 

2


ghij 

NtWghL cUthFk; NghJ>  nkhj;jghij NtWghL λ MFk;. vdNt miyfs; xNu 

fl;lj;jpy; miktjhy;> B– y; xypapd; nrwpT ngUkkhf ,Uf;Fk;.  
 
tpk;ky;fs; Njhd;Wk; tPjk;:  
 
rw;Nw NtWgl;l mjph;ntz; nfhz;l ,uz;L  my;yJmjw;F Nkw;gl;l miyfs; 
Nkw;nghUe;Jtjhy;> xU Gs;spapy; Neuj;ijg; nghUj;J tPr;RkhW gLfpd;w xypNfl;Fk; ,e;j 
tpisNt tpk;ky;fs; vdg;gLk;. xU tpdhbapy; Vw;gLk; tPr;R ngUkq;fspd; vz;zpf;ifNa 
tpk;ky; mjph;ntz; vdg;gLk;. ,uz;L xyp %yq;fs; kl;LNk ,Ue;jhy;> mtw;wpd; mjph;ntz; 

NtWghNl tpk;ky; mjph;ntz; vdg;gLk;. xU tpdhbapy; tpk;ky;fspd; vz;zpf;if 1 2n f f= −  
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epiyahd miyfs; (Stationary Waves) 
epiy miyfSf;fhd tpsf;fk;  
miy xd;W fbdkhd xd;wpd; kPJNkhJk; NghJ> mJ kPz;nlOe;J te;J mNj Clfj;jpy; 
vjph;j;jpirapy;> gioa miyAld; (Nkhjpa miy) Nkw;nghUe;Jtjhy; fpilf;Fk; miy 
tbtNk epiy miyfs; my;yJ epiyahd miyfs; vdg;gLk;.  
 
xNutPr;R> xNu jpirNtfk; nfhz;l ,U rPhpir Kd;NdW miyfs; (fk;gp xd;wpy; cz;lhd) 
vjph; vjph; jpirapy; ,aq;Ffpd;wd vd;f.  
Kjy; miyapd; (gLmiy) ,lg;ngah;r;rp> 
  y1 = A sin (kx - ωt) 
  (tyJgf;fk; eUk; miy)  
,uz;lhtJ miyapd; (vjpnuhypg;Gmiy) ,lg;ngah;r;rp 
  y2 = A sin (kx + t)  
  (,lJ gf;fk; efUk; miy)  
Nkw;nghUe;Jjy; jj;Jtg;gb> ,U miyfSk; FWf;fPLmile;J> njhFgad; ,lg;ngah;r;rp> 
   y = y1 + y2 
rkd;ghL  nghUj;j> 
  sin( ) sin( )y A kx t A kx t = − + +  

jphpNfhz kpjp tpjpfis gad;gLj;jpia khw;wp vOj 
   y (x,t) = 2A cos (ωt) sin (kx)   
,JNt> epiy my;yJ epiyahd miyfs; vdg;gLk;. ,J Kd;Ndhf;fpNah my;yJ 
gpd;Ndhf;fpNah efuhJ. Mdhy; Kd;NdW miy my;yJ ,aq;F miy Kd;Ndhf;fpNah 
my;yJ gpd;Nehf;fpNah efUk;.  
    ( , ) 'cos( )y x t A t=  

,q;F> A’ = 2A sin (kx)> ,J mjph;TWf;fk;gpapd; Fwpg;gpl;l gFjp A’ tPr;Rld; jdpr;rPhpir 
,af;fj;jpYs;sij Fwpf;fpwJ. sin (kx) ngUkkhf cs;s  epiyapy;> A’ ngUk kjpg;gpy; 
,Uf;Fk;.  

   
3 5

sin( ) 1 , , ,....
2 2 2

kx kx m
   =  = =  

,q;F m vd;gJ miu KO vz; my;yJ miuvz; kjpg;Gfs;. tPr;rpd; ngUk kjpg;G cs;s 
epiyia vjph;f;fZ vd;fpNwhk;. miy vz;iz miyePsj;ij  gad;gLj;jp Fwpf;Fk; NghJ 
m MdJ vjph; fZtpd; epiyia fPo;f;fz;lthW Fwpf;fyhk;.  

   
2 1

2 2
m

m
x

+ =  
 

, ,q;Fm = 0, 1, 2,  

m = 0 vdpy; ngUkj;jpd; epiy 

    0
4

x


=  

m = 1 vdpy;>ngUkj;jpd; epiy 

   1

3

4
x


=  

m = 2vdpy; ngUkj;jpd; epiy 

   2

5

4
x


=  

vd;wthW mikAk;  
 
mLj;jLj;jvjph; fZf;fSf;fpilNaahd J}uj;ijfPo;f;fz;lthWfzf;fplyhk;.  
 

 1

2 1 (2 1) 1

2 2 2 2 2
m m

m m
x x

  
−

+ + +   − = − =   
   
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A’ d; ngUk kjpg;G ntspapd; rpy Gs;spfspYk; rpWk kjpg;G ntspapd; NtW rpy 
Gs;spfspYk; mikAk;.  
  sin( ) 0 0, ,2 ,3 ,....kx kx n   =  = =     

,q;F n xU KO vz; my;yJ KO vz; kjpg;Gfs;. ve;jg; Gs;spfspy; mjph;T ,y;iyNah 
(,af;fk; ,y;iyNah) mg;Gs;spfs; fZ vdg;gLk;.  
 
n MtJ fZtpd; epiy  

  
2

n
x n


= ,q;F>n = 0, 1, 2  

n = 0vdpy; rpWkk; Vw;gLk; epiy  
   x0 = 0 
n = 1 vdpy; rpWkk; Vw;gLk; epiy  
 
n = 1vdpy; rpWkk; vw;gLk; epiy 

   1
2

x


=  

n = 2 vdpy; rpWkk; Vw;gLk; epiy 

    2x =  

    
vd;wthW miAk;.  
 
mLj;jLj;j fZf;fSf;fpilNaahd njhiyitf; fPo;f;fz;lthW fzf;fplyhk;.  

    
1 ( 1)

2 2 2
n n

x x n n
  

−− = − − =  

epiymiyfspd; gz;Gfs;: 
1. ,U jplkhd vy;iyfSf;fpilNa fl;Lg;gLj;jg;gl;l miy. vdNt ,J Clfj;jpy; 

Kd;Nehf;fpNah gpd;Ndhf;fpNah efuhJ. mjhtJ mjDila ,lj;jpy; epiyahf 
,Uf;Fk;. vdNt> ,J epiy my;yJ epiyahd miyfs; vdg;gLfpwJ.  
 
Kd;NdW miyfSf;Fk;> epiy  miyfSf;FkpilNaahd xg;gPL:  
 
t.vz; Kd;NdWmiyfs;  epiymiyfs;  
1. Kd;NdW FWf;fiyapy; KfLk;> mfLk; 

Vw;gLk;. Kd;NdW nel;liyfspy; 
,Wf;fKk;> jsh;r;rpfSk; Vw;gLk;. ,e;j 
miyfs; Xh; Clfj;jpy; Kd;Nehf;fpNah 
my;yJ gpd;Ndhf;fpNah efh;e;J 
nfhz;bUf;Fk;. mjhtJ xU Fwpg;gpl;l 
jpirNtfj;Jld; Clfk; xd;wpy; 
Kd;Ndwpf; nfhz;bUf;Fk;. 

epiy FWf;fiyfspy; KfLk;> mfLk; 
Vw;gLk; epiy nel;liyfspy; 
,Wf;fKk;> jsh;r;rpf;Fk; Vw;gLk;. ,e;j 
miyfs; Clfj;jpy; Kd;Ndhf;fpNah 
gpd;Ndhf;fpNah efuhJ. ,it 
Clfj;jpy; Kd;Ndwhj miyfs;. 

2. miy nry;Yk; jpirapy; cs;s midj;J 
Jfs;fSk; rktPr;Rld; mjph;TWk;  

fZtpy; cs;s Jfs;fs; jtpukw;w 
midj;J Jfs;fSk; ntt;NtW 
tPr;RfSld; mjph;TWk;. tPr;R fZtpy; 
Rop my;yJ rpWkk;. vjph;fZtpy; 
ngUkk;. 

3 Mw;wiy jhq;fpr; nry;Yk;  Mw;wiyf; flj;Jtjpy;iy 
 
2. ngUk tPr;R epiyapYs;s Gs;spfs; vjph;f;fZ vdTk;> RoptPr;R epiyapYs;s Gs;spfs; 

fZvdTk; miof;fg;gLfpwJ.  

3. mLj;jLj;j ,U fZ  my;yJ vjph;f;fZf;fSf;fpilNaahd njhiyT
2


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4. xU fZ> mjw;F mLj;j vjph;f;fZtpw;F ,ilNaahd njhiyT
4


 

5. epiyahd miyfspd; topNa flj;jg;gLk; Mw;wy; RopahFk;.  
 

Rukhdpapy; Vw;gLk; epiymiyfs;:  
Ruk; vd;gJ xypAld; njhlh;GilaJ. mjdhy; Rukhdp vd;gJ xyp njhlh;ghdtw;iw 
msf;fg;gad;gLk; fUtp. fk;gpfspy; Vw;gLk; epiyahd FWf;fiyfspd; mjph;ntz;> 
fk;gpapd; ,Otpir> mjph; ePsk;> XuyF fk;gpapd; epiw Mfpatw;iw fhl;rp tpsf;fk; nra;J 
msf;f gad;gLj;Jk; fUtpahFk;.  
 
vdNt> ,f;fUtpia gad;gLj;jp fPo;f;fz;l msTfis msf;fyhk;. 
 

1. ,irf;fit my;yJ khWjpir kpd;Ndhl;lj;jpd; mjph;ntz;  
2. fk;gpapd; ,Otpir 
3. njhq;ftplg;gl;l nghUspd; epiw 
 
mikg;;G:  
Rukhdp vd;gJ xU kPl;lh; ePsKs;s xU kug;ngl;b mjd; kPJ rPuhd cNyhff;fk;gp 
nghUj;jg;gl;bUf;Fk;. fk;gpapd; xU Kid xU nfhf;fpAlDk;> kWKid XU cUis 
fg;gp topNa Xh; epiwj;jhq;fpAlDk; ,izf;fg;gl;Ls;sJ. fk;gpapd; ,Otpiria 
mjpfhpf;f kWKidapy; epiwfs; Nrh;f;fg;gLfpwJ. ,uz;L efh;j;jf; $ba $h; 
Kidfs; fk;gpia fPNo njhl;lthW Rukhdpapd; gyif kPJ itf;fg;gl;Ls;sd. 
mtw;wpw;fpilNaahdj; njhiyit khw;wp mjph;TWk; fk;gpapd; ePsj;ij khw;wyhk;.  

 
nray;ghL:  
epiyahd FWf;fiyfs; fk;gpapy; Vw;gLj;jg;gLfpwJ. vdNt $h;Kid P, Q, tpy; 
fZf;fSk; cUthfpd;wd. mjph;TWk; fk;gpapd; ePsk; lvd;f.  

    2
2

l l
 =  =  

mjph;TWk; fk;gpapd; mjph;ntz; f vd;f. T fk;gpapd; ,Otpir> µ vd;gJ xuyF 
fk;gpapd; epiw vdpy;> 

     
1

2

v T
f

l 
= = n`h;l;];  

 
ρ vd;gJ fk;gpg; nghUspd; mlh;j;jp> d fk;gpapd; tpl;lk; vdpy; XuyF fk;gpapd; epiw> 

   µ = gug;G× mlh;j;jp
2

2

4

d
r

 = =  

 
 

  mjph;ntz; 
2

1

2

4

v T
f

dl  
= =  

    / 
1 T

f
ld 

=  

 
mbg;gil mjph;ntz; kw;Wk; Nkw;Ruq;fs;:  
jplkhd vy;iyfis x = 0 kw;Wk; x = L Mf fUJNthk;. fk;gpia ikaj;jpy; ,Ue;J Ml;b 
(fpjhh; fk;gp) epiy miyfs; Vw;gLj;Jf. me;j epiy miyfs; Fwpg;gpl;l miy ePsj;ij 
ngw;wpUf;fpwJ. vy;iyfspy; tPr;R Fiwe;J kiwtjhy;> ,lg;ngah;r;rpfs; fPo;f;fz;l 
epge;jidf;F cl;gl Ntz;Lk;.  
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    ( 0, ) 0y x t= = kw;Wk; ( , ) 0y x L t= =  

xt;nthU fZTk; 
2

n


 ,ilj;njhiytpy; miktjhy; ekf;F n
2

n L
  = 

 
 ,q;F n xU KO 

vz;> L vd;gJ vy;iyfspd; ,ilj;njhiyT> vd;gJ vy;iyf;Fl;gl;l epge;jidfis 
G+h;j;jp nra;Ak; Fwpg;gpl;l miy ePskhFk;.  

   
2

n

L

n
  =  

 
 

vdNt> Fwpg;gpl;l vy;iyf;F midj;J miy ePsq;fSk; Vw;glhJ> Fwpg;gpl;l miyePsk; 
kl;LNk Vw;gLk;.  

  n = 1, Kjy; epiy mjph;Tf;F> 1 2L =  

  n = 2, 2 k; epiy mjph;Tf;F> 

    2

2

2

L
L  = = 

 
 

  n = 3, 3 k; epiy mjph;Tf;F> 

    3

2

3

L  =  
 

 

,t;thwhf kw;w n kjpg;GfSf;Fk; mikAk;. xt;nthU epiy mjph;Tf;Fkhd> mjph;ntz; 

,ay;epiy mjpntz; (Natural Frequency) vdg;gLk;. mij fPo;f;fz;lthW fzf;fplyhk;.  
 
 

   
2

n

n

v v
f n

L
 = =  
 

  

,e;j ,ay; mjph;ntz;zpd;> kpff; Fiwe;j kjpg;G mbg;gil mjph;ntz; (Fundamental 
Frequency) vdg;gLk;.  

    1

1 2

v v
f

L
 = =  
 

 

,uz;lhtJ ,ay; mjph;ntz; Kjy; Nkw;Ruk; vdg;gLk;.  

   
2

1
2

2

v T
f

L L 
 = = 
 

 

%d;whtJ ,ay; mjph;ntz; 2tJ Nkw;Ruk; vdg;gLk;.  

3

1
3 3

2 2

v T
f

L L 
  = =        

 

NkYk; ,J Nghd;W mikAk; vdNt> ntJ ,ay; mjph;ntz;.  

  1n
f nf= ,q;FnxU KO vz;  

,ay; mjph;ntz;fs;> mbg;gil mjph;ntz;zpd; KO vz; klq;Ffshf mikAk; NghJ> 

me;j mjph;ntz;fs; rPhpirfs; vdg;gLk;. vdNt> Kjy; rPhpir vd;gJ 1 1f f−  (mbg;gil 

mjph;ntz; Kjy; rPhpir vdg;gLk;)> 
2tJ rPhpir f2 = 2f1, 3tJ rPhpir f3 = 3f1  kw;Wk; gpw.  
 
,Oj;Jf; fl;lg;gl;l fk;gpapy; Vw;gLk; FWf;fiyf;fhd tpjpfs;:  
%d;Wtpjpfs;  
 
1. ePsj;jpw;fhd tpjp:  

nfhLf;fg;gl;l fk;gpad;> ,Otpir T (epiyahdJ) kw;Wk; XuyF ePsj;jpw;fhd epiwµ 
(epiyahdJ) vdpy;> mjph;ntz; mjph;TWk; fk;gpapd; ePsj;jpw;F vjph;j;jftpy; mikAk;.  
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,Oj;Jf; fl;lg;gl;l fk;gpapy; Vw;gLk; FWf;fiyf;fhd tpjpfs;:  
%d;W tpjpfs;  
 
ePsj;jpw;fhd tpjp:  
nfhLf;fg;gl;l fk;gpapd;> ,Otpir T (epiyahdJ) kw;Wk; xuyF ePsj;jpw;fhd epiw 
(epiyahdJ) vdpy;> mjph;ntz; mjph;TWk; fk;gpapd; ePsj;jpw;F vjph;j;jftpy; mikAk;.  

    
1 C

f f
l l

  =  

l f C  = , ,q;F C khwpyp 
 
,Otpirf;fhdtpjp:  
nfhLf;fg;gl;l mjph;TWk; fk;gpapd; ePsk; l (epiyahdJ) kw;Wk; XuyF ePsj;jpw;fhd epiw 
(epiyahdJ) vdpy; mjph;ntz; ,Otpir T ,d; ,Ukb %yj;jpw;F Neh;jftpy; mikAk;.  

   f T  

   f A T = , ,q;FAxUkhwpyp 

   
epiwf;fhdtpjp:  
nfhLf;fg;gl;l mjph;TWk; fk;gpapd; ePsk; l (epiyahdJ) kw;Wk; ,Otpir T (epiyahdJ) 
vdpy; mjph;ntz;>XuyFePsj;jpw;fhdepiwµ ,d; ,Ukb %yj;jpw;F vjph;j;jftpy; mikAk;.  

1
f


  

   
B

f


 = ,q;FBxUkhwpyp 

nrwpT (Intensity) kw;Wk; cug;G(Loudness):  
 
Xh; xyp %yk; kw;Wk; ,U Nfl;gtiu (xypia Nfl;gth;) fUJf. xyp %yk; xypia 
ckpo;fpwJ NkYk; Mw;wiy vLj;Jr; nry;fpwJ. ahh; mse;jhYk; xypapd; Mw;wy;> 
midtUf;Fk; xNu msthfNt ,Uf;Fk;. vdNt> xyp Mw;wy; mg;gFjpapy; cs;s 
Nfl;gtiur; rhh;e;jy;y. Mdhy; ,U Nfl;gth;fis fUjpdhy; mth;fs; czUk; xyp 
khWgl;lJ. ,J fhjpd; czh;jpwd; Nghd;w rpy fhuzpfisr; rhh;e;jJ. ,tw;iw mstpl 
nrwpT> cug;Gvd;w ,U msTfis tiuaWf;fpNwhk;.  
 
xypapd; nrwpT:  
 
xyp %yk; xd;wpypUe;J xyp miyfs; guTk; NghJ> Mw;wyhdJ Rw;wpAs;s midj;J> 
(,ayf;$ba) topfspYk; vLj;Jr;nry;yg;gLk;.  
 
xuyF Neuj;jpy; my;yJ xU tpdhbapy; ckpog;gLk; my;yJ CLUTk; ruhrhp xyp 
Mw;wNy> xypapd; jpwd; vdg;gLk;.  
 
vdNt> xyp Kd;NdWk; jpirf;F nrq;Fj;jhf xuyF gug;gpd; topNa CLUtpr; nry;Yk; 
xypj;jpwNd> xypapd; nrwpT(Intensity) vd tiuaWf;fg;gLfpwJ.  
 
xU Fwpg;gpl;l xyp %yj;jpw;F (epiyahd %yk;)> mjd; xypr;nrwpthdJ xyp 
%yj;jpypUe;J njhiytpd; ,Ukbf;F vjph;j;jftpy; mikAk;  

   
2 2

1

4
I I

r r
=  
xyp %yj;jpd; jpwd;

 

,JNt> xypr;nrwptpd; vjph;tpfpj ,UkbtpjpahFk;.  
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xypapd; cug;G:  
 
xNu nrwpT nfhz;l ,U xyp %yq;fs; xNu xyp cug;G ngw;wpUf;fj; Njitapy;iy. 
vLj;Jf;fhl;lhf gY}d; xd;W mikjpahd %lg;gl;lmiwapy; ntbf;Fk; NghJmjd; 
cug;GmjpfkhfTk;>mNjgY}d; Rj;jkhdre;ijapy; ntbf;Fk; NghJcug;Gkpff;FiwthfTk; 
,Uf;Fk;. ,q;FnrwpTrkkhf ,Ug;gpDk; cug;Gmt;thwhf ,y;iy. xypr;nrwpTmjpfhpf;Fk; 
NghJcug;Gk; mjpfhpf;Fk;. xypapd; nrwpitf; fhl;bYk; ,q;F $Ljyhfcw;WNehf;Fgthpd; 
El;gk; kw;Wk; mDgtk; mfpa fhuzpfs; vt;tsT mjpf cug;G cs;s xyp vd;gij 
mwptjpy; gq;Ftfpf;fpwJ. ,JNt xypapd; cug;G vdg;gLfpwJ. Nfl;gthpd; czh;jpwDk; 
,q;F gq;F tfpf;fpwJ. vdNt> xyp cug;G> xypapd; nrwpTkw;Wk; fhjpd; czh;jpwd; (,J 
njspthf Nfl;gtiug; nghWj;j msT. NkYk; ,J xUtUf;F xUth; khWgLk;) 
Mfpatw;iwg; nghUj;jJ. Mdhy; xypr; nrwpT Nfl;gtiug; nghWj;jJ my;y. vdNt> xyp 
cug;G vd;gJ “xypia fhJ czUk; jpwdpd; epiy my;yJ Nfl;gthpd; xyp czUk; 
jpwd;" vd tiuaWf;fg;gLfpwJ.  
 
xypapd; nrwpTkw;Wk; cug;G:  
ekJ fhJ czuf;$ba xypapd; nrwpT ,ilntsp 10-2 Wm-2 ypUe;J 20 W m-2 ntgh; - 

ngf;dh; tpjpg;gb “cug;G kdpjh;fshyd;wp fUtp xd;wpd; %yk; msf;fg;gl;l nrwptpd; (I) 
klf;if kjpg;Gf;F Neh;j;jftpy; ,Uf;Fk;.  

   
L In I

L k In I


=

 

,q;F k xU khwpyp. ,J msf;Fk; myifr; rhh;e;jJ. ,uz;L cug;Gfs; L1 kw;Wk; L0,jw;F 
,ilNaahd NtWghL> Jy;ypakhf mspf;fg;gl;l ,U nrwpTfSf;fpilNaahd rhh;G cug;G 
MFk;. fzpjg;gb xypr; nrwpT kl;lq;fs;  

   1
1 0 1 0

0

I
L L L k In I k In I k In

I

 
 = − = − =  

 
 

k = 1vdpy;> xyp nrwpT kl;lk; ngy; (bel) vd;w myfhy; msf;fg;gLfpwJ. (mnyf;]hz;lh; 
fpufhk; ngy; epidthf) 
k = 1 vdpy; ngy;  
k = 10 vdpy; nlrpngy;  

1

0

I
L In

I

 
 =  

 
ngy;  

,Jeil Kiwapy; nghpamyF. vdNt nlrpgy; (decibel) vd;w rpwpa myif 
gad;gLj;JfpNwhk;.  

  1 nlrpngy; 
1

10
= ngy;  

vdNt> Nkw;fz;l rkd;ghl;il 10 My; ngUf;fp> 10 My; tFf;ff; fpilg;gJ.  
 

   1

0

1
10

10

I
L In

I

  
 =      

ngy;  

   1

0

10
I

L In
I

 
 =  

 
nlrpngy; (k = 10) 

eilKiwg; gad;ghl;bw;fhf> ,aw;if klf;iff;F gjpyhf 10 mbkhd klf;ifia 
gad;gLj;JfpNwhk;.  

   1
10

0

10log
I

L
I

 = nlrpngy;  
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fhw;Wjk;gj;jpd; mjph;T:  
 
ehj];tuk;> kw;Wk; gpw ,irf;fUtpfs; fhw;Wf; fUtpfs; vdg;gLk;. ,it fhw;Wj; jk;g 
mjph;Tfs; jj;Jtj;jpy; ,aq;FfpwJ. fhw;W fUtpapd; vspa tbtk; Mh;fd; organ - fUtp> 
,irg;Ngio) Foha; MFk;. vLj;Jf;fhl;lhf> Gy;yhq;Foy;> fpshbndl;> ehj];tuk;.  
Mh;fd; Foha; ,U tifg;gLk;.  
 
%baMh;fd; Foha;:  
 
ehj];tuk;> kw;Wk; gpw ,irf;fUtpfs; fhw;Wf; fUtpfs; vdg;gLk;. ,it fhw;Wj; jk;g 
mjph;Tfs; fUtpapd; vspa tbtk; Mh;fd; fUtp> ,irg;Ngio) Foha; MFk;. 
vLj;Jf;fhl;lhf> Gy;yhq;Foy;> fpshhpndl;> ehj];tuk;.  
 
Mh;fd; Foha; ,U tifg;gLk;.  
%baMh;fd; Foha;:  
 
fpshhpndl; glj;ij ghUq;fs;. ,J xU gf;fk; %ba kw;nwhU gf;fk; jpwe;j Foha;. jpwe;j 
Kid topahftUk; xyp> %bagFjpapy; vjpnuhypf;Fk; xyp cs;Ns tUk; xypAld; 180˚ 
vjph;fl;lj;jpy; ,Uf;Fk;. vdNt> %bagFjpapy; Jfs;fspd; ,lg;ngah;r;rp vg;nghOJk; Rop. 
,lg;ngah;r;rp Ropahtjhy; %ba gFjpapy; fZTk;. jpwe;j gFjpapy; vjph;f;fZTk; 
Vw;gLfpd;wd. mjph;TWk; mjph;T xypapd; vspa mjph;T epiyia mbg;gil mjph;T epiy 
vd;Nghk;. %baKidapy; Jfs;fspd; ,af;fk; ,y;yhjjhy; fZTk; mbg;gil mjph;T 
epiyapy; jpwe;j Kidapy; vjph;f;fZTk; cUthFk;. L Fohapd; ePsk;>Vw;gLk;  

miyfspd; miyePsk; 1 vdpy;> 

    1
1 4

4
L or L

 = =   

xypapd; mjph;ntz;  

   1

1 4

v v
f

L
= =  

jpwe;j Kidapy; fhw;iw tYthf CJtjhy;> mbg;gil mjph;ntz;zpd; KO vz; 
klq;Ffshy; Md mjph;Tfis Vw;gLj;jyhk;. me;j miyfs; Nkw;Ruq;fs; 
vdg;gLfpd;wd.  
 
,uz;lhtJ epiy mjph;Tfis (Kjy; Nkw;Ruk;) fhl;LfpwJ. ,jpy; ,U fZf;fSk; 
,U vjph;fZf;fSk; cs;sJ 

    4L = 3λ2 

  23

4
L


= my;yJ 2

4

3

L =  

mjph;ntz;  

  2 1

2

3
3

4

v v
f f

L
= = =  

,J Kjy; Nkw;Ruk; MFk;. ,e;j mjph;ntz; mbg;gil mjph;ntz;zpd; %d;W klq;F 
vd;gjhy; ,J %d;whtJ rPhpir vdg;gLk;.  
%d;W fZf;fSk;> %d;W vjph; fZf;fSk; cila %d;whtJ epiy mjph;T 

 
   4L = 5λ3 

35

4
L


= my;yJ 3

5

5

L =  

mjph;ntz;  

   3 1

3

5
5

4

v v
f f

L
= = =  
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,J ,uz;lhtJ Nkw;Ruk; MFk;. ,e;j mjph;ntz; mbg;gil mjph;ntz;izg; Nghy; 
Ie;J klq;fhf cs;sjhy;> 5tJ rPhpir vdTk; miof;fg;gLfpwJ.  
 
vdNt %ba Mh;fd; Fohapy; Vw;gLk; mjph;Tfs; xw;iwg;gil thpirrPhpirfisf; 
nfhz;Ls;sJ. rPhpirapd; mjph;ntz; fn = (2n +1) f1 Nkw;Ruq;fspd; mjph;ntz;fspd; 
jfT.  
    f1 : f2 : f3 : f4 : …. = 1 : 3 : 5 : 7 …. 
 
glj;jpy; fhl;lg;gl;l Gy;yhq;Foiy fhz;f. ,J ,UGwKk; jpwe;j Foha; ,U jpwe;j 
KidfspYk; vjph;f;fZf;fs; cUthfpd;wd. ,q;F Vw;gLk; kpf vspa mjph;T 
epiyia fhz;Nghk;. ,e;epiyNa mbg;gil mjph;T epiy vdg;gLfpwJ. jpwe;j 
Kidfspy; vjph;f;fZf;fs; Vw;gLtjhy;> Fohapd; cs;Ns ikaj;jpy; xNunahU fZ 
cUthfpwJ. ypUe;J> L vd;gJ Fohapd; ePsk; vd;f Vw;gLk; miyapd; miyePsk; 
fhz> 

 1
1 2

2
L or L

 = =   

Vw;gLk; mjph;tpd;> mjph;ntz;  

  1

1 2

v v
f

L
= =  

,JNt> mbg;gil mjph;ntz;  
mbg;gil mjph;ntz;iz tpl cah; mjph;ntz;fis Vw;gLj;j jpwe;j Kidapy; 
fhw;iw Ntfkhf CjNtz;Lk;. ,j;jifa mjph;ntz;fs; Nkw;Ruq;fs; vdg;gLk;  
 
jpwe;j Mh;fd; Fohapy; Vw;gLk; ,uz;lhk; epiy mjph;itf; fhl;LfpwJ. ,J ,U 
fZitAk; %d;W vjph;f;fZitAk; cilaJ.  

   2 2L or L = =  

mjph;ntz;  

   2 1

2

2 2
2

v v v
f f

L L
= = =  =  

,JKjy; Nkw;Ruk; vdg;gLfpwJ. n = 2vd;gjhy; ,J ,uz;lhtJ rPhpirvdTk; 
miof;fg;gLfpwJ.  
%d;whk; epiy mjph;T ,jpy; 3 fZTk;> 4 vjph;f;fZTk; cs;sJ.  

    3

3

2
L = my;yJ 3

2

3

L =  

 
 mjph;ntz;  

    3 1

3

3
3

2

v v
f f

L
= = =  

,J3tJ Nkw;Ruk;. n = 3 vd;gjhy; ,J 3tJ rPhpirvdTk; miof;fg;gLfpwJ.  
 

vdNt jpwe;j Mh;fd; Foha; midj;J rPhpirfisAk; cilaJ. n MdJ rPhpirapd; 

mjph;ntz; fn = nf1. vdg;gLfpwJ. vdNt Nkw; Ruq;fs; mjph;ntz;fspd; jfT 
 

xj;jjph;Tfhw;Wj; jk;gf; fUtp:  
 
xj;jjPh;T fhw;W jk;gf; fUtp xU kPl;lh; ePsk; cilafz;zhb my;yJ cNyhff; 
Fohahy; MdJ. fhw;W jk;gj;jpy; Vw;gLk; xj;jjph;itf; fzf;fpl;L mjd; %yk; 
rhjhuz ntg;gepiyapy; fhw;wpy; xypapd; jpirNtfk; fhz gad;gLfpwJ. NkYk; 
fhw;Wj; jk;gePsj;ij khw;Wtjd; %yk; xj;jjph;T mjph;ntz; khWgLtij msf;fTk; 
gad;gLfpwJ. xU Kidiaj; jpwe;jjhfTk; kWKidia %bajhf ,f;FohAld; 
ug;gh; Foha; %yk; ,izf;fg;gl;l ePh; Nrkf;fyk; R fhz;gpj;jthW 
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Vw;gLj;jg;gl;Ls;sJ. ,e;j KO mikg;Gk; msTNfhy; nghUj;jg;gl;l nrq;Fj;J 
jhq;fpapy; nghUj;jg;gl;Ls;sJ. ug;gh; Fohapy; ghjpasT ePh; epug;gg;gl;Ls;sJ. ePh; 
kl;lj;ij Nrkf;fyj;jpd; (R) cauj;ij khw;Wtjd; %yk;> Njitf;F Vw;gkhw;wpf; 
nfhs;syhk;. ePhpd; Nky; gug;G %ba gFjpahfTk; kWKid jpwe;j KidahfTk; 
nray;gLk;. vdNt> ,J %ba Mh;fd; Fohahf nray;gLfpwJ.  
 
miyapd; fZePhpd; Nkw;gug;gpYk; vjph;fZ jpwe;j KidapYk; Vw;gLk;. jpwe;j 
Kidapy; ,irf;fit xd;iw mjph; itj;Jgpbj;jhy; nel;liyfs; cUthfpfhl;bagb 
fPo;Nehf;fp efUk;. ePhpd; gug;ig mile;jTld; ,e;j miy vjpnuhspf;fg;gLk; 
miyAld; Nkw;nghUe;Jtjhy; epiyahd miyfs; Vw;gLk;. mjd; ePsj;ij khw;wp> 
fhw;Wj; jk;gj;jpd; mjph;ntz;> ,irf;fitapd; mjph;ntz;Zld; (,irf;fitapd; 
,ay; mjph;ntz;) xj;j jPh;tilar; nra;Ak;NghJ> mjpf cug;G cs;s xyp Vw;gLk;. 
,jd; nghUs; fhw;Wj;jk;gj;jpd; mjph;ntz;> ,irf;fyitapd; mjph;ntz;Zf;Fr; 
rkkhfp> xj;jjph;Tf;fhd epge;jidiag; ngWk;. ,e;j epiyahdJ fhw;Wj; jk;gj;jpd; 

ePsk;> xyp miyapd; miy ePsj;jpd; 
1

4

th

 
 
 

klq;fhf mikAk; NghJ Vw;gLk;. Kjy; 

xj;jjph;thdJ L1 ePsj;jpy; Vw;gLtjhf fUJNthk;.  
 
 

  1

1

4
L =    

Mdhy;> vjph;f;fZ Jy;ypakhf jpwe;j Kidapy; Vw;gLtjpy;iy. vdNt> ehk; xU 
jpUj;jj;ij nra;aNtz;Lk;. ,JNt Kid jpUj;jk; vdg;gLfpwJ. vjph;fZthdJ 
jpwe;j Kidapy; xU rpwpa J}uj;jpy; Vw;gLfpwJ vd;f. vdNt> Kjy; mjph;T epiy> 
Kidj;jpUj;jj;Jld;  

1

1

4
L e = +  

,g;nghOJ fhw;Wj; jk;gj;jpd; ePsj;ij khw;wp ,uz;lhtJ xj;j jPh;T ePsk; L2tpw;F 
Kid jpUj;jj;Jld;  

   1

1

4
L =  

xU rpwpa J}uj;jpy; Vw;gLfpwJ vd;f. vdNt> Kjy; mjph;Tepiy> 
Kidj;jpUj;jj;Jld;  

   1

1

4
L e = +  

,g;nghOJ fhw;Wj; jk;gj;jpd; ePsj;ijkhw;wp ,uz;lhtJ xj;j jPh;T ePsk; L2tpw;F 
Kid jpUj;jj;Jld;  

      2

3

4
L e = +  

Kidj;jpUj;jj;ij Gwf;fzpf;f> rkd;ghLNtW ghl;il fz;lhy;> 

    2 1

3 1
( ) ( )

4 4
L e L e − = + − +  

    2 1

1

2
L L L = − =   

    2 L =   
 miw ntg;g epiyapy; xypapd; jpirNtfj;ij fPo;f;fz;lthW fzf;fplyhk;.  
   2v f f L= =   

Kidj;jpUj;jj;ij rkd;ghLgad;gLj;jpfhz 

   2 13

2

L L
e

−
=  
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lhg;sh; tpisT:  
 
,uapy; epiya eilNkilapy; epd;Wf;nfhz;L> ek;ikf; fle;J nry;Yk; 
njhlh;tz;bapd; Cnjhypiaf; Nfl;gjhff; fw;gid nra;Nthk;. tz;b ek;ik 
neUq;Fk;NghJ xypapd; RUjp (Pitch) my;yJ mjph;ntz; (Frequency) $LtijAk; 
tz;b ek;ik tpl;Ltpyfpr; nry;ifapy;> RUjp FiwtijAk; ek;khy; Nfl;fKbAk;. 
,Jlhg;sh; tpistpw;F Xh; vLj;Jf;fhl;lhFk;.  

 
xyp %yj;jpw;Fk; mt;nthypiaf; Nfl;gtUf;Fk; ,ilNa cs;s rhh;G ,af;fj;jpdhy; 
,t;tpisT Vw;gLfpwJ. ,af;fj;jpdhy; Vw;gLk; ,j;jifa mjph;ntz; khw;wj;ij 
M];jphpa ehl;ilr; Nrh;e;j fzpjtpayhsUk; ,aw;gpayhsUkhd Nahfhz; fpwp];bad; 
lhg;sh; (1803 – 1853) vd;gth; Kjypy; Muha;e;jh;.  

 
xyp %yj;jpw;Fk; Nfl;gtUf;Fk; ,ilNa xU rhh;G ,af;fk; cs;s NghJ xyp 
%yj;jpy; ,Ue;JtUk; xypapd; mjph;ntz;Zk; mijf; Nfl;gtuhy; czug;gLk; 
xypapd; mjph;ntz;Zk; khWgl;L ,Uf;Fk;. ,JNt lhg;sh; tpisT vdg;gLk;.  
 
lhg;sh; tpisT xU miy epfo;thFk;. MfNt> xyp miyfSf;F kl;Lkpd;wp xsp 
miyfSf;Fk; gpw kpd;fhe;j miyfSf;Fk; lhg;sh; tpisT Vw;gLfpwJ. xyp 
miyfspd; lhg;sh; tpistpy; cs;s gy;NtW Neh;Tfs; kw;Wk; Nfl;gtuhy; 
czug;gLk; mjph;ntz;zpw;fhd Nfhitia jUtpj;jy; gw;wp ,g;gFjpapy; ehk; 
tpthjpf;fyhk;.  

 
Nfl;Lzh; mjph;ntz;: epiyahd %yk; kw;Wk; ,af;fj;jpy; cs;sNfl;gth;:  

 
Clfj;ijg; (fhw;W) nghUe;JXa;tpy; cs;sGs;spxyp %yk; (S)xd;iwf; fUJNthk;. 
xyp %yk; itf;fg;gl;Ls;s ClfkhdJ> rPuhfTk; xa;tpy; cs;sJ vdTk; 
nfhs;Nthk;. xyp %yk; ntsptpLk; xyp miyfspd; mjph;ntz; fkw;Wk; miyePsk; 

λMFk;.  
 
xyp %yj;jpypUe;J Mu topNa ntspr;nry;Yk; Nfhsf xyp miyfs; v vd;w rk 
jpirNtfj;jpy; midj;J jpirfspYk; guTfpd;wd. xyp miyfspd; ,Wf;fq;fs; 
(my;yJ miy Kfg;Gfs;) xU - ikatl;lq;fs; fhl;lg;gl;Ls;sd. mLj;jLj;j ,U 
,Wf;fq;fSf;F ,ilNaahd njhiyT mjd; miyePsk; λ MFk;. NkYk;. miyapd; 

mjph;ntz; Nfl;gth; epiyahf cs;s NghJ> %yj;jpw;Fk; (s) Nfl;gtUf;Fk; (L) 
,ilNa rhh;gpaf;fk; ,Uf;fhJ. u kw;Wk; λ Mfpait khwhky; ,Ug;gjhy;> Nfl;gtuhy; 
czug;gLk; xypapd; mjph;ntz;Zk; xyp %y mjph;ntz;Zk; rkkhf ,Uf;Fk;.  

 
epiyahd %yj;ij Nehf;fp Nfl;gth; Neuhfefh;tjhff; nfhs;Nthk;. Nfl;gthpd; Ntfk; 
vLvdpy;>Nfl;gtiug; nghUj;J xypapd; rhh;G Ntfk; v’ = v + vL MFk;. miyePsk; 
khwhky; cs;sjhy; (%yk; epiyahf ,Ug;gjhy;)> Nfl;gth; czUk; xypapd; 
mjph;ntz; khWfpwJ. Nfl;Lzh; mjph;ntz; f’ MdJgpd;tUk; rkd;ghl;lhy; 
ngwg;gLfpwJ. 
 

 

( )
' Lv v

f f
v

+ − =  
 

 

    ' L
v v

f f
v

− =  
 

 

(%yj;ijtpl;LNfl;gth; tpyfpr; nry;Yk;Ngh) 
 

MfNt> epiyahd %yj;ij tpl;L Nfl;gth; tpyfpr; nry;fpwhh; vdpy;> %y 
mjph;ntz;iztpl Nfl;Lzh; mjph;ntz; Fiwthf ,Uf;Fk;.  
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Nfl;Lzh; mjph;ntz;: efUk; %yk; kw;Wk; epiyahdNfl;gth;  
xyp %yKk; (S) Nfl;gtUk; (L) xa;Tepiyapy; ,Ug;gjhff; fUJNthk;. 
 
mLj;jLj;j ,U ,Wf;fq;fs; glj;jpy; fhl;lg;gl;L> ,uz;L xU ika tl;lq;fshy; 
Fwpf;fg;gl;Ls;sd. ,uz;lhtJ ,Wf;fk; rkPgj;jpy; ntspaplg;gl;L> %yj;jpw;FmUfpy; 
cs;sJ. ,t;tpU ,Wf;fq;fSf;F ,ilg;gl;l njhiyT xypapd; miyePsk; λ MFk;. 

%yj;jpd; mjph;ntz; fMifahy;> ,t;tpU ,Wf;fq;fs; ntspaplg;gLk; fhy ,ilntsp 

    
1

T
f v


= =  

,g;NghJ epiyahd Nfl;gtiu Nehf;fp xyp %yk; Neuhf efh;fpwJ xyp %yj;jpd; 
Ntfk; vs vd;fkw;Wk; ,e;jNtfk; xypapd; Ntfj;ij v tplf; FiwT MFk;.  
 
T fhy ,ilntspapy;> Kjy; ,af;fk; nry;Yk; vT =  njhiyT kw;Wk; xyp%yk; 

efUk; njhiyT vsT MFk;. ,jd; tpisthf> ,U ,Wf;fq;fSf;F ,ilg;gl;l 

njhiyT λ - ypUe;J '
s

v T = − vd;W FiwfpwJ. vdNt> Nfl;gth; czUk; miy 

ePsk;  

    ' s
s

v
v T

f
  

 
= − = − 

 
 

 Nfl;Lzh; mjph;ntz; MdJ> 

     
s

v

v v

f f

=
   

−   
   

 

MfNt epiyahd Nfl;gtiu Nehf;fp xyp %yk; efUk;NghJ> %y mjph;ntz;iz 
tpl Nfl;Lzh; mjph;ntz; mjpfkhf ,Uf;Fk;.  
epiyahd Nfl;gtiu tpl;L xyp %yk; tpyfpr; nry;fpwJ vdpy;>vs– f;F vjph;f;Fwp 
,Ltjd; %yk; Nfl;Lzh; mjph;ntz;izg; ngwyhk;.  

    '
s

v
f f

v v

 
=  + 

 

MfNt> epiyahd Nfl;gtiu tpl;L xyp %yk; tpyfpr; nry;fpwJvdpy;> %y 
mjph;ntz;iztplNfl;Lzh; mjph;ntz; Fiwthf ,Uf;Fk;.  
 
Nfl;Lzh; mjph;ntz; : xyp %yk; kw;Wk; Nfl;gth; ,UtUNk ,af;fj;jpy; cs;sNghJ 
xyp %yk; kw;Wk; Nfl;gth; ,UtUNk ,af;fj;jpy; cs;sNghJ> Nfl;Lzh; 
mjph;ntz;zpw;fhd tha;g;ghL ,t;tpU rkd;ghLfisAk; xd;wpizg;gjd; %yk; 
ngwyhk;.  

   ' L

s

v v
f f

v v

 +
=  − 

 

 
,q;F ehk; gad;gLj;jpAs;s FwpaPl;L kugpy;> xyp %yk; my;yJ Nfl;gth; xd;iw 
Nehf;fp kw;nwhd;W efUk; NghJ vs kw;Wk; vL Mfpait Neh;f;Fwp kjpg;Gfisg; 
ngWfpd;wd. mt;thNw> xyp %yk; my;yJ Nfl;gth; xd;iw tpl;L kw;nwhd;W tpyfpr; 
nry;Yk; NghJ mit vjph;f;Fwp kjpg;Gfisg; ngWfpd;wd.  
 
xyp %yj;jpw;Fk; Nfl;gtUf;FkpilNa rhh;gpaf;fk; fhzg;gLk; gy;NtW #o;epiyfspy; 
Nfl;Lzh; mjph;ntz;zpw;fhd tha;g;ghLfs; njhFj;J mspf;fg;gl;Ls;sd.  

 
Xypapd; Ntfj;jpy; Vw;gLk; khWghL (xyp %yk; xa;tpYk; Nfl;gth; efUk; NghJ) 
my;yJxypapd; miyePsj;jpy; Vw;gLk; khWghL (Nfl;gth; xa;tpYk; xyp %yk; efUk; 
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NghJ) fhuzkhfNtmjph;ntz; khWghL Vw;gLfpwJ vd;gij ftdpg;gJ Kf;fpakhFk;.  
 
Xyp %yk; kw;Wk; Nfl;gth; vd ,uz;Lk; efUk; NghJ>xypapd; NtfkhWghL kw;Wk; 
xypapd; miyePs khWghL Mfpa ,uz;bd; fhuzkhf mjph;ntz; khWghL 
Vw;gLfpwJ.  
 

  
Xypia tplNtfkhf xyp %yk; efUk; NghJ (mjhtJ #g;gh;rhdpf; Ntfj;jpy; %yk; 
efUk; NghJ)> Nfl;Lzh; mjph;ntz;izf; fzf;fplcjTk; rkd;ghLfs; 
Mfpaitgad;glhJ. NkYk; xyp %yj;jpd; Kd;Gwk; cs;s epiyahd Nfl;gtuhy; xypia 
Nfl;fKbahJ. xyp miyfshdJ %yj;jpw;F gpd;Gwk; miktNj fhuzkhFk;.  
,j;jifa Ntfq;fspy;> Gjpjhf cUthFk; miyfSk; Kd; fzj;jpy; cUthd 
miyfSk; Mf;ff; FWf;fPl;L tpistpdhy; kpfg;nghpa tPr;Rld; $ba xypia 
cUthf;fpd;wd. ,ij ‘xypKof;fk;’ (sonic boom) my;yJ mjph;r;rp miy’(Shock wave) 
vd;fpNwhk;.  

 
gy;NtW #o;epiyfspy; Nfl;Lzh; mjph;ntz;  
 

t.vz; #o;epiy Nfl;Lzh; mjph;ntz; 
1 epiyahdS– I LefUk; NghJ 

' L
v v

f f
v

+ =  
 

 

2 epiyahdS– I tpl;LLtpyfpr; nry;Yk; NghJ 
' L

v v
f f

v

− =  
 

 

3 epiyahd L– I Nehf;fp S efUk; NghJ 
'

s

v
f f

v v

 
=  − 

 

4 epiyahd L– I tpl;L S tpyfpr; nry;Yk; NghJ 
'

s

v
f f

v v

 
=  + 

 

5 S kw;Wk; L xd;iwnahd;W neUq;Fk; NghJ 
' L

s

v v
f f

v v

 +
=  − 

 

6 S kw;Wk; L xd;iwnahd;W tpyfpr;nry;Yk; NghJ 
' L

s

v v
f f

v v

 −
=  + 

 

7 L– I S Juj;Jk; NghJ 
' L

s

v v
f f

v v

 −
=  − 

 

8 S– I L Juj;Jk; NghJ 
' L

s

v v
f f

v v

 +
=  + 

 

9 S kw;Wk; L xd;iwnahd;W neUq;Ffpd;wd> NkYk; 

xypapd; jpirapy; Vm Ntfj;Jld; Clfk; 
,aq;Fk; NghJ 

( )
'

( )

m L

m s

v v v
f f

v v v

 + +
=  + − 

 

 
Xypapy; Vw;gLk; lhg;sh; tpisT rkr;rPh; jd;ikaw;wJ. mNj Ntis> xspapy; Vw;gLk; lhg;sh; 
tpisT rkr;rPh; jd;ik nfhz;lJ. epiyahd Nfl;gtiu Nehf;fp xyp %yk; efUk; NghJ 
Vw;gLk; Nfl;Lzh; mjph;ntz; kw;Wk; epiyahd xyp %yj;ij Nehf;fp mNj Ntfj;jpy; 
Nfl;gth; efUk; NghJVw;gLk; Nfl;Lzh; mjph;ntz; Mfpaitrkkhf ,Ug;gjpy;iy. ,t;tpU 
epfo;Tfspy; rhh;GNtfk; xd;whf ,Ue;jNghjpYk;> Nfl;Lzh; mjph;ntz; ntt;Ntwhf cs;sJ. 
MfNt xspapy; Vw;gLk; lhg;sh; tpisTrkr;rPh; jd;ikaw;wJ vd;fpNwhk;. xyp gutYf;F 
Clfk; Njit vd;gJ Clfj;ijg; nghUj;Jmjd; Ntfk; mikfpwJ vd;gNjfhuzk; MFk;.  
 
Xspkw;Wk; gpwkpd;fhe;jf; fjph;tPr;Rfisg; nghUj;jtiu ,t;tpU Neh;Tfspy; Nfl;Lzh; 
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(my;yJfz;Lzh;) mjph;ntz; xd;whfNt ,Uf;Fk;. MfNtxspkw;Wk; gpwkpd;fhe;jf; 
fjph;tpr;Rfspy; Vw;gLk; lhg;sh; tpisT rkr;rPh; jd;iknfhz;Ls;sJ. Vnddpy; xspapd; guty; 
Clfj;ijg; nghUj;J miktjpy;iy.  
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12TH ,aw;gpay; 
njhFjp – 2 
myF – 6 
xspapay;  

 
mwpKfk;:  
 
xsp Gjpuhd xd;whFk;. MdhYk; mjd; gz;Gfs;> ek;ikg; gutrj;jpy; Mo;j;Jfpd;wd. xspia 
xU jdpj;Jtkhf ek;khy; KOtJk; Ghpe;Jnfhs;s ,ayhJ. ,e;j myfpy; ehk; fjph; 
xspapay; kw;Wk; miy xspapay; vd;w ,UNtW nfhs;iffis gbf;f cs;Nshk;. fjph; 
xspapay;> xspia Neh;f;Nfhl;by; nry;Yk; xU fjpuhfg; ghh;f;fpwJ. ,f;fjphpidf; nfhz;L 
tiuag;gl;l fjph;g;glq;fs; xspf;fjph;fs; gy;NtW gz;Gfisg; Ghpe;J nfhs;s ekf;Fj; 
JizGhpfpd;wd. miy xspapay;> xsp miyahfg; guTk; NghJ Vw;gLk; epfo;r;rpfisg;gw;wp 
ekf;F tpsf;Ffpd;wJ. Kjypy; fjph; xspapaiyg; gw;wp mwpe;Jnfhz;L gpd;dh;> miy 
xspapaiyg; gw;wp ehk; gbf;fyhk;.  
 
fjph; xspapay;:  
 
fjph; xspapaypy;> xsp xU fjpuhff; fUjg;gLfpwJ. ,f;fjph;> Clfk; xd;wpDs; Neh;f;Nfhl;by; 
nry;fpwJ. mt;nthsp> kw;nwhU Clfj;jpDs; EioAk;NghJ my;yJ jilapd;kPJ 
NkhJk;NghJ> jdJ Neh;f;Nfhl;Lg; ghijapypUe;J tpyfy; milAk;.  
 
xspf;fjph; vd;gJ xsp nry;Yk; jpiriag; gw;wpa jftiy kl;LNk ekf;F jUk;. xspapd; 
kw;w gz;Gfshd xspr;nrwpT> epwq;fs; Nghd;wtw;iwg; gw;wpa jfty;fisf; fjph; 
xspapaypypUe;J ehk; ngw ,ayhJ. ,Ue;jNghjpYk; xspiag;gw;wp Ghpe;Jnfhs;s xspiaf; 
fjpuhff; fUJk; ,k;Kiw Xh; mwpthh;e;j nrayhFk;. xsp xd;wpd; ghijia xspf; fjph; 
vd;Wk;> ,f;fjph;fspd; njhFg;gpid xspf;fw;iw vd;Wk; miof;fyhk;. ,e;j myfpy; fjph; 
xspapaypd; mbg;gilapy; xsp vjpnuhspg;G> xsptpyfy; kw;Wk; xspr;rpjwy; Nghd;w 
epfo;Tfisg;gw;wp ehk; mwpe;J nfhs;Nthk;.  
 
vjpnuhspg;G:  
 
Clfj;jpDs; nry;Yk; xspf;fjph; vjpnuhspf;Fk; gug;gpy;gl;L> mNj Clfj;jpDs; gpd;Ndhf;fp 
tUk; epfo;r;rpf;F vjpnuhspg;G vd;W ngah;. gsgsg;ghd gug;Gfs; xspia ed;F 
vjpnuhspf;Fk;. gpd;Gwk; nts;spg;G+r;R (silver coated) nra;ag;gl;l fz;zhb> mjd; kPJ tpOk; 

90% xspia vjpnuhspf;Fk; jd;ik nfhz;lit. gLNfhzk; (i) kw;Wk; vjpnuhspg;Gf; Nfhzk; 

(r) ,tw;iw xsp vjpnuhspf;Fk; Gs;spapy;> vjpnuhspf;Fk; gug;Gf;Fr; nrq;Fj;jhf tiuag;gl;l 
nrq;Fj;Jf; Nfhl;ilg; nghUj;J mstplyhk;. xsp vjpnuhspg;G tpjpapd;gb>  
 

1. gLfjph;> vjpnuhspg;Gf; fjph; kw;Wk; vjpnuhspf;Fk; gug;Gf;F nrq;Fj;Jf;NfhL ,it 
midj;Jk; xNu jsj;jpy; mikAk; (mjhtJ xNu gug;gpy; fhzg;gLk;) 

2. gLNfhzk; (i) kw;Wk; vjpnuhspg;Gf; Nfhzk; (r) ,it ,uz;Lk; xd;Wf;nfhd;W rkk;. 

i = r  
xsp vjpnuhspg;G tpjp fhl;lg;gl;Ls;sJ.  
 
vjpnuhspf;Fk; gug;G> rkjskhfNth my;yJ tisgug;ghfNth vt;thW ,Ug;gpDk; gug;gpd; 
xt;nthU Gs;spapYk; xsp vjpnuhspg;G tpjp nghUe;Jk;. vjpnuhspf;Fk; gug;G rkjskhf 
,Ug;gpd; xsp vjpnuhspg;G tpjpapd;gb> ,izahff; nry;Yk; gLfjph;fs;> 
vjpnuhspg;Gf;Fg;gpd;Gk; ,izahfNt tUk;. vjpnuhspf;Fk; gug;G xOq;fw;W ,Ue;jhy; 
,izahfr; nry;Yk; gLfjph;fs;> vjpnuhspg;Gf;Fg; gpd;dh; xOq;fw;W tUk;.  
 
xsp vjpnuhspg;gpdhy; Vw;gLk; tpyFNfhzk;:  
 

gLfjph; kw;Wk; tpyFfjph; ,tw;Wf;F ,ilNa cs;s Nfhzj;jpw;F tpyFNfhzk; 
vd;W ngau;. ,t;tpyFNfhzj;ijg; glk; 6.3(m) ,y; fhl;bAs;sthW vspa tbtpay; 
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fzf;fplyhk;. gLfjpiu AO vdTk;. vjpnuhspg;Gf;fjpiu OB vdTk; nfhs;f. gLfjpupd; 

njhlu;r;rpahff; fUjg;gLk;  OCI tpyFfjpu; vdf; fUJf. OB kw;Wk; OC ,tw;Wf;F 

,ilNa cs;s NfhzNk tpyFNfhzk; (d)  MFk;. tbtpay; fzf;fPl;bd;gb d = 180-( i + r)  
xsp vjpnuhspg;G tpjpapd;gb i = r vdNt xsp vjpnuhspg;gpdhy; Vw;gLk; tpyFNfhzj;ijg; 
gpd;tUkhW vOjyhk;. 
 
d = 180-2i-------------------------------------(6.2) 
 

xsp vjpnuhspg;gpdhy; Vw;gLk; tpyFNfhzj;ij> Nehf;F Nfhzj;jpd; ( ) 
mbg;gilapYk; fzf;fplyhk; glk; 6.3(M) ,y; 

 
fhl;bAs;sthW gLfjpu; AO kw;Wk; vjpnuhspf;Fk; rkjsg;gug;G XY ,tw;Wf;F ,ilNa 

cs;s Nfhzk; Nehf;F Nfhzk;  MFk;. tbtpay; fzf;fPl;bd;gb Nfhzq;fs; AOX =  , 

BOY =   kw;Wk; YOC =  (,it midj;Jk; xd;Nw) glj;jpypUe;J tpyFNfhzk;  

vd;gJ Nfhzk; BOC MFk;. vdNt> 

d = 2  -----------------------------------------------------(6.3) 
 
rkjs Mbapy; gpk;gk; Njhd;Wjy;  
 
 rkjs Mb xd;wpd; Kd;Nd A vd;w Gs;spg; nghUs; xd;W itf;fg;gl;Ls;sJ vdf; 
fUJf. glk; 6.4,y; fhl;bAs;sthW O vd;gJ> gLfjpu; rkjs Mbapy; gLk; Gs;spahFk;. 

Gs;spg; nghUspypUe;J rkjs Mbf;F tUk; gLfjpu;  AO vjpnuhspg;Gf; fjpu; BO  NkYk; 

ON vd;gJ  
nrq;Fj;Jf; NfhlhFk;. 

 gLNfhzk; AON = vjpnuhspg;Gf; Nfhzk; BON  
 
 rkjs Mbf;Fr; nrq;Fj;jhftUk; AD vd;w kw;nwhU gLfjpu; rkjs Mbapy; D vd;w 
Gs;spapy;gl;L DA topNa vjpnuhspf;Fk;. BO kw;Wk; AD fjpu;fis Mbf;Fg; gpd;Gwkhf 

ePl;br; nry;Yk;NghJ  mit A’ vd;w Gs;spapy; re;jpf;fpd;wd. vdNt> ,;t;tpuz;L fjpu;fSk; 

Mbf;Fg; gpd;GwKs;s A’ vd;w Gs;spapypUe;J tUtJNghd;W Njhd;Wk;. xU rkjs Mbapy; 
nghUs; kw;Wk; mjd; gpk;gk; ,uz;Lk;> rkjs MbapypUe;J xNu nrq;Fj;Jj; njhiytpy; 
,Uf;Fk;. ,jidg; gpd;tUkhW tpsf;fyhk;.  
 

AON = DAO [xd;Wtpl;l Nfhzq;fs;]    

BON = OA’D [xj;j Nfhzq;fs;] 

vdNt Kf;Nfhztpay; tpjpfspd;gb DAO = OA’D 
 

NkYk;>  ODA kw;Wk;  ODA’ ,uz;Lk; ru;trkkhd Kf;Nfhzq;fs; MFk;. vdNt.  

AD = A’D 
   
,jpypUe;J rkjs Mbf;F Kd;ghfg; nghUs; vt;tsT njhiytpy; 

itf;fg;gl;Ls;sNjh mNj njhiytpy; Mbf;F cs;Ns gpk;gk; Njhd;Wk; vd;gij mwpayhk;. 
 

rkjs Mbapy; Njhd;Wk; gpk;gj;jpd; gz;Gfs; 
(i) rkjs Mbapy; Njhd;Wk; gpk;gk;> ,lty khw;wk; nfhz;l Neuhd kha gpk;gkhFk;. 

 
(ii) nghUspd; msTk;> gpk;gj;jpd; msTk; xd;Wf;nfhd;W rkkhFk;.  

 
(iii) rkjs Mbf;F Kd;ghfg; nghUs; vt;tsT njhiytpy; itf;fg;gl;Ls;sNjh> mNj 

njhiytpy; Mbf;F cs;Ns gpk;gk; Njhd;Wk;;. 
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(iv)  nghUnshd;iw   Nfhzj;jpy; mikf;fg;gLs;s ,uz;L rkjs MbfSf;F eLNt 

itf;Fk;NghJ Njhd;Wk; gpk;gq;fspd; vz;zpf;ifiag; n gpd;tUkhW mwpayhk;.  
 

rkr;rPuhd my;yJ rkr;rPuw;w epiyapy; nghUs; itf;fg;gl;bUe;jhy;  ,ul;ilg;gil vdpy;  
 

rkr;rPuhd epiyapy; nghUs; 
 

• rkr;rPuhd my;yJ rkr;rPuw;w epiyapy; nghUs; itf;fg;gl;bUe;jhy;> 
360


 
 
 

 

,ul;ilg;gil vdpy;> n = 
360

1


 − 
 

 

• rkr;rPuhd epiyapy; nghUs; itf;fg;gl;bUe;jhy; 
360


 
 
 

 xw;iwg;gil vdpy; n = 

360
1


 − 
 

 

• rkr;rPuw;w epiyapy; nghUs; itf;fg;gl;bUe;jhy; 
360


 
 
 

 xw;iwg;gil vdpy;> n = 

360


 
 
 

 

 
rkjs Mbapy; Njhd;Wk; nka; kw;Wk; khagpk;gq;fs;:  
 
rkjs Mbf;F Kd;Gk; O vd;w Gs;spapy; nka;ahd nghUs; xd;iw itf;Fk; NghJ> 
mg;nghUs; midj;Jj; jpirfspYk; nry;Yk; tphpfjph;fis Vw;gLj;Jk;. ,t;tphpfjph;fs; rkjs 
Mbapdhy; vjpnuhspf;fg;gl;l gpd;dh;> rkjs Mbf;Fg; gpd;Gk; cs;s I vd;w Gs;spapypUe;J 
tUtJNghd;w Njhw;wj;ij Vw;gLj;Jk;. ,JNghd;W. jpiuapy; Njhd;whj Mdhy; fz;fspdhy; 
kl;Lk; fhzf;$ba gpk;gNk> khagpk;gkhFk; (virtual image).  
 
khwhf> Ftpfjph;fs; rkjs Mbapy;gl;L vjpnuhspf;fg;gl;l gpd;G> I rkjs Mbf;F 
Kd;GwKs;s vd;w Gs;sptopNa nrd;W gpk;gj;ij Vw;gLj;Jk;. ,k;gpk;gk; Mbf;F Kd;Gwkhf 
cs;sjhy; ,J jpiuapy; Njhd;Wk;. NkYk;> ,jidf; fz;fshy; fhz KbAk;. ,t;tifahd 
gpk;gj;jpw;F nka;gpk;gk; vd;W (real image) ngah;.  
 
nghJthf rkjs Mb khagpk;gj;ij kl;LNk Njhw;Wtpf;Fk; vd;Nw ehk; fUJfpNwhk;. 
Mdhy;> Nkw;fz;l tpsf;fj;jpypUe;J rkjs Mbapd;kPJ Ftp fjph;fs; tpOk;NghJ> 
mJ nka;gpk;gj;ijAk; cUthf;Fk; vd;gij ehk; Ghpe;J nfhs;s Ntz;Lk;. 
 
rkjs Mbapy; Njhd;Wk; nka; kw;Wk; khagpk;gq;fisg; gw;wpa tpsf;fk; njhFf;fg;gl;Ls;sJ. 
,J fjph; xspapaypy; nghUs;fs; kw;Wk; gpk;gq;fspd; jd;ikia mwptjw;Fg; nghpJk; 
gad;gLk;.  
 
nghUs; kw;Wk; gpk;gq;fspd; jd;ikf;fhd epge;jidfs; 
   

nghUs; / gpk;gj;jpd; 
jd;ik  

epge;jid  

nka; gpk;gk;  cz;ikahfNt fjph;fs; gpk;gj;jpy; 
FtpAk; 

kha gpk;gk; gpk;gj;jpypUe;J fjph;fs; tphptJ 
Nghd;W Njhd;Wk;  

nka;g; nghUs;  cz;ikahfNt fjph;fs; 
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nghUspypUe;J tphptilAk; 
kha nghUs; fjph;fs;> nghUspy; Ftptijg; 

Nghd;W Njhd;Wk;  
 
Nfhsf Mbfs; (Spherical Mirrors):  
 
ehk; jw;NghJ Nfhsf vjpnuhspg;Gg; gug;Gfspy; Vw;gLk; vjpnuhspg;igg; gw;wp gbf;f cs;Nshk;. 
Xh; cs;sPlw;w Nfhsj;jpypUe;J ntl;lg;gl;l xU gFjpNa Nfhsfg; gug;ghFk;. Nfhsf 
Mbfs;> nghJthff; fz;zhbapdhy; nra;ag;gl;litahFk;. fz;zhbapd; xU gug;gpy; 
nts;sp G+rg;gl;bUf;Fk; (Silvered), kw;nwhU gug;gpy; xsp vjpnuhspg;G Vw;gLk;. Nfhsf 

Mbapd; Ftp gug;gpy; xsp vjpnuhspg;G Vw;gl;lhy;> mjidf; Ftp Mb (convex mirror) 
vd;Wk;> Fop gug;gpy; xsp vjpnuhspg;G vw;gl;lhy;> mjidf; Fop Mb (concave mirror) vd;Wk; 
miof;fyhk;.  
 
Nfhsf Mbfs; rhh;e;j rpy Jiw nrhw;fisg;gw;wp ehk; jw;NghJ mwpe;J nfhs;syhk;.  
 
tisT ikak; (Centre of curvature): Nfhsf Mb nra;ag;gl;l Nfhsj;jpd; ikaNk> Nfhsf 
Mbapd; tisTikakhFk;.  
 
tisT Muk; (Radius of Curvature): Nfhsf Mb nra;ag;gl;l Nfhsj;jpd; MuNk> Nfhsf 

Mbapd; tisT MukhFk; (R).  
 
Mb Kid (Pole): Nfhsf Mbg;gug;gpd; ikag;Gs;sp (my;yJ) Nfhsf Mbapd; tbtpay; 

ikak;> MbKid (P) vdg;gLk;.  
  
Kjd;ik mr;R (Principal axis): MbKid kw;Wk; tisT ikak; Mfpatw;iw ,izf;Fk; 
Nfhl;bw;F Kjd;ik mr;R vd;W ngah;. Kjd;ik mr;R topahfr; nrd;W Mbapy;gl;L 
vjpnuhspf;Fk; xspf;fjph;> mNj Kjd;ik mr;R topahfNt jpUk;gptUk;.  
 
Ftpak; (my;yJ) Ftpag;Gs;sp (Focus (or) Focal Point): Kjd;ik mr;Rf;F ,izahfr; 
xspf;fjph;fs; Nfhsf Mbg;gug;gpy;gl;L vjpnuhspj;j gpd;dh;> Fop Mbahf ,Ug;gpd; Kjd;ik 
mr;rpd; xU Gs;spapy; FtpAk;. Ftp Mbahf ,Ug;gpd; Kjd;ik mr;rpd; xU Gs;spapypUe;J 
tphptiltJ Nghd;W Njhd;Wk;. ,g;Gs;spNa Nfhsf Mbapd; Kjd;ikf; Ftpak; my;yJ 
Ftpag;Gs;sp (F) MFk;.  
 
Kjd;ik mr;rpd; xU Gs;spapy; FtpAk;. Ftp Mbahf ,Ug;gpd; Kjd;ik mr;rpd; xU 
Gs;spapypUe;J tphptiltJ Nghd;W Njhd;Wk;. ,g;Gs;spNa Nfhsf Mbapd; Kjd;ikf; 
Ftpak; my;yJ Ftpag;Gs;sp (F) MFk;.  
 
Ftpaj;J}uk; (Focal length): Mb Kidf;Fk; Kjd;ikf; Ftpaj;jpw;Fk; cs;s njhiytpw;Ff; 

Ftpaj;J}uk; (f) vd;W ngah;.  
 
Ftpaj;jsk; (Focal plane): Ftpak; topahf> Kjd;ik mr;Rf;Fr; nrq;Fj;jhf cs;s 
jsj;jpw;F Mbapd; Ftpaj;jsk; vd;W ngah;.  
 
Ftp Mb kw;Wk; Fop Mb ,uz;bw;Fkhd NkNy $wg;gl;l Jiw nrhw;fs; fhl;lg;gl;Ls;sd.  
 
mz;ik mr;Rf;fjph;fs; kw;Wk; Xuf;fjph;fs; (Paraxial Rays and Marginal Rays) 
 
Kjd;ik mr;Rf;F kpf neUf;fkhfTk;> Kjd;ik mr;NrhL kpfr; rpW Nfhzj;jpy; nry;Yk; 
fjph;fSf;F mz;ik mr;Rf;fjph;fs; vd;W ngah;. ,it MbKidf;F kpf mUfpy; Mbapy; 
tpOk;. ,jw;F khwhf> Kjd;ik mr;rpypUe;J ntFJ}uj;jpy;> nry;Yk; fjph;fSf;F 
Xuf;fjph;fs; vd;W ngah;. ,it ,uz;Lk; ntt;NtW tpjkhfr; nray;gLk; (ntt;NtW 
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Gs;spfspy; FtpakilAk;) fhl;lg;gl;Ls;sJ. ,e;j myfpy; ehk; mz;ik mr;Rf; fjph;fis 
kl;Lk; Kf;fpag;gLj;jpg; gbf;f cs;Nshk;. Vnddpy; ,it Kf;fpa mr;Rf;F kp mUfpYk;> 
kpfr;rpwpa Nfhzq;fisNa vw;gLj;Jtjhy;> ,it fjph; xspapaypy; Nfhzq;fspd; 
Njhuhakhf;fYf;Fj; JizGhpAk;.  
 
Ftpaj;J}uk; (f) kw;Wk; tisT Muk; (R) ,tw;Wf;F ,ilNaahd njhlh;G  
 
Nfhsf Mb xd;wpd; tisT ikak; C vd;f. Kjd;ik mr;Rf;F ,izahfr; nry;Yk; 

xspf;fjph; Mbapy; M vd;w Gs;spapy;gl;L vjpnuhspj;J Kjd;ikf; Ftpak; (F) topahfr; 
nry;Yk;. ,jw;fhd tbtpay; tpsf;fk; fhl;lg;gl;Ls;sJ. M Gs;spapy; Mbf;Fr; 

nrq;Fj;Jf;NfhL CM MFk;. gLNfhzk; (i) vd;gJ vjpnuhspg;G Nfhzj;jpw;Fr; rkk;.  
 
M Gs;spapypUe;J Kjd;ik mr;Rf;Fr; nrq;Fj;jhf tiuag;gl;l NfhL MP vdpy;> tbtpay; 
gb>  
  Nfhzk;  MCP = i kw;Wk; MFP = 2i  
 Kf;Nfhzq;fs; ΔMCP kw;Wk; ΔMFP ,ypUe;J  

   tan
PM

i
PC

=  kw;Wk; tan 2
PM

i
PF

=  

rpwpa Nfhzq;fSf;F> tan i i  

   
PM

i
PC

=  kw;Wk; 2
PM

i
PF

=  

NkYk; Ruf;Fk; NghJ  

  2 ;2
PM PM

PF PC
PC PF

= =  

 
PF vd;gJ Ftpaj;J}uk; (f) kw;Wk; PC vd;gJ tisT Muk; (R). vdNt  

   2f = R my;yJ 
2

R
f =  

f kw;Wk; R f;F ,ilNaahd njhlh;gpidj; jUfpd;wJ.  
 
Nfhsf Mbfspy; Njhd;Wk; gpk;gq;fs;:  
Nfhsf Mbfspy; Njhd;Wk; gpk;gq;fis> tiuglq;fis mikj;Jf; fz;lwpa KbAk;. gpk;gk; 
Vw;gLk; Gs;spiaf; fz;lwpa> Fiwe;jJ ,uz;L fjph;fs; xd;iw xd;W re;jpf;f Ntz;Lk;. 
gpk;gg;Gs;spiaf; fz;lwpa gpd;tUk; fjph;fspy; vitNadk; ,uz;bidg; gad;gLj;jyhk;.  
 
Nfhsf Mbfspy; Njhd;Wk; gpk;gq;fs;:  
 
gpd;tUk; fjph;fspy; vitNaWk; ,uz;bidg; gad;gLj;jyhk;.  
 
1. Kjd;ik mr;Rf;F ,izahf tUk; fjph;> vjpnuhspg;Gf;Fg; gpd;G Kjd;ik Ftpaj;jpd; 

topNa ntspNaWk; my;yJ ntspNaWtJ Nghd;W Njhd;Wk;.  
 

2. Kjd;ikf; Ftpak; topNa nry;Yk; my;yJ nry;tJ Nghd;W Njhd;Wk; fjph;> 
vjpnuhspg;Gf;Fg; gpd;G> Kjd;ik mr;Rf;F ,izahf ntspNaWk;.  

 
3. tisT ikak; topahfr; nry;Yk; fjph;> vjpnuhspg;Gf;Fg; gpd;G tisT ikak; 

topahfNt nrq;Fj;Jg;gLfjph; epiyiag; Nghd;Nw> ntspNaWk;.  
 

4. Mb Kidapy; tpOk; fjph;> Kjd;ik mr;ir> nrq;Fj;Jf; Nfhlhff; nfhz;L> vjpnuhspg;G 
tpjpapd; mbg;gilapy; ntspNaWk;.  
 

fhh;l;Brpad; FwpaPl;L kuG:  
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gpk;gq;fis tiuAk; NghJ> nghUspd; J}uk; (u)> gpk;gj;jpd; J}uk; (v)> nghUspd; cauk; (h)> 
gpk;gj;jpd; cauk; (h’) Ftpaj;J}uk; (f) kw;Wk; tisT Muk; (R) Nghd;wtw;iw ehk; Fwpf;f 
my;yJ msf;f NehpLk;. Nkw;fz;l msTfSf;fpilNaahd njhlh;Gfs; midj;Jr; 
#o;epiyfSf;Fk; nghUj;jkhf ,Uf;f Ntz;Lnkdpy; mit xU FwpaPl;L kuigg; gpd;gw;w 
Ntz;Lk;. ,q;F ehk; fhh;l;Brpad; FwpaPl;L kuigg; gpd;gw;wg;NghfpNwhk;. ,k;Kiw cyfshtg; 
gpd;gw;wg;gLk; xU FwpaPl;L kuG KiwahFk;. fhh;l;Brpad; FwpaPl;L fhl;lg;gl;Ls;sJ. 
,f;FwpaPl;L kuG gpd;tUkhW.  
 
1. gLk; xspapid> ,lg;gf;fj;jpypUe;J tyg;gf;fk; tUtJ Nghd;W vLf;f Ntz;Lk; 

(mjhtJ nghUs; Mbf;F ,lg;gf;fkhf ,Uf;f Ntz;Lk;) 
 

2. midj;Jj; njhiyTfSk; MbKidapypUe;Jjhd; msf;fg;gl Ntz;Lk;. 
(MbKidapidj; njhlf;fg; Gs;spahff; fUj Ntz;Lk;) 

 

3. Mb Kidf;F tyg;Gwkhf> Kjd;ik mr;Rf;F ,izahf msf;fg;gLLk; J}uj;ij 
Neh;Fwp J}ukhff; fUj Ntz;Lk;.  

 

4. MbKidf;F ,lg;Gwkhf> Kjd;ik mr;Rf;F ,izahf msf;fg;gLk; J}uj;ij> 
Nky;Nehf;fpa cauq;fis> Neh;Fwp cauq;fshff; fUjNtz;Lk;.  

 
5. Kjd;ik mr;Rf;Fr; nrq;Fj;jhf> fPo;Nehf;fpa cauq;fis vjph;Fwp cauq;fshff; 

fUjNtz;Lk;.  
 
Mbr;rkd;ghL:  
 
nghUspd; J}uk; (u), gpk;gj;jpd; J}uk; (v) kw;Wk; Ftpaj;J}uk; (f) my;yJ Nfhsf Mbapd; 

tisT Muk; (R) Nghd;wtw;Wf;F ,ilNaahd njhlh;gpidf; nfhLf;Fk; rkd;ghNl> 
Mbr;rkd;ghL MFk;.  
AB vd;w nghUisf; fUJf. ,g;nghUs;> Fop Mb xd;wpd; Kjd;ik mr;rpy;> tisT 

ikak; C f;F mg;ghy; itf;fg;gl;Ls;sJ vd;f. ,g;nghUspdhy; Vw;gLk; nghUspd; B 
Gs;spapypUe;J Gwg;gLk; %d;W mz;ik mr;Rf; fjph;fisf; fUJf. Kjy; mz;ik 
mr;Rf;fjph; BD Kjd;ik mr;Rf;F ,izahfr; nrd;W MbKid P f;F mUNf cs;s D 

vd;w Gs;spapy; tpOfpwJ. vjpnuhspg;Gf;Fg; gpd;G ,f;fjph; Kjd;ikf; Ftpak; F topahfr; 
nry;fpwJ. ,uz;lhtJ mz;ik mr;Rf;fjph; BP, Mb Kid P apy; gl;L PB’ topNa 

vjpnuhspf;fpwJ. %d;whtJ mz;ik mr;Rf;fjph; BC, tisT ikak; C topNa nrd;W 

Mbapd; E Gs;spapy; vjpnuhspj;J tisTikak; C topahfNt ntspNaWk;. ,k;Kd;W 

vjpnuhspg;Gf; fjph;fSk; B’ vd;w Gs;spapy; xd;iw xd;W ntl;Lk;. Kjd;ik mr;Rf;Fr; 

nrq;Fj;jhff; tiuag;gLk; A’B’ vd;gJ nghUs; AB d; nka; kw;Wk; jiyfPohd gpk;gkhFk;.   
 
vjpnuhspg;G tpjpapd;gb> gLNfhzk; BPA vjpnuhspg;Gf; Nfhzk; B’PA’ f;Fr; rkk;. 

Kf;Nfhzq;fs; ΔBPA kw;Wk; Δ B’PA’ ,uz;Lk; xj;j Kf;Nfhzq;fshFk;. vdNt>  

   
' ' 'A B PA

AB PA
=  

kw;w xj;j Kf;Nfhz ,iz ΔDPF kw;Wk; ΔB’A’F MFk;. (,q;F PD fpl;lj;jl;l Neuhd 
nrq;Fj;Jf; NfhlhFk;) 
 

    
' ' 'A B A F

PD PF
=  

J}uq;fs;> PD = AB. vdNt> Nkw;fz;l rkd;ghL gpd;tUkhW khw;wkilAk;>  



 

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

 

   
' ' 'A B A F

AB PF
=  

   
' 'PA A F

PA PF
=  

A’F = PA’ – PF. vdNt> Nkw;fz;l rkd;ghL gpd;tUkhW khw;wkilAk;.  

   
' 'PA PA PF

PA PF

−
=  

Nkw;fz;l rkd;ghl;bd; ntt;NtW J}uq;fSf;Ff; fhh;Brpad; FwpaPl;L kuigg; gpd;gw;Wk;NghJ  
  PA = - u,   PA’ = -v,  PF = -f 
fhh;l;Brpad; FwpaPl;L kugpd; mbg;gilapy; %d;W J}uq;fSk; vjph; Fwp kjpg;igg; 
ngw;Ws;sd. Vnddpy;> ,it midj;Jk; Mb Kidf;F ,lg;Gwkhf msf;fg;gl;litfshFk;. 
vdNt> khw;wkilAk;.   

  
( )v v f

u f

− − − −
=

− −
 

NkYk; ,jidr; RUf;Fk; NghJ>  

  ; 1
v v f v v

u f u f

− −
= = −     

,UGwKk; v My; tFf;Fk; NghJ> 

   
1 1 1

u f v
= −  

Kiwg;gLj;jg;gl;l gpd;dh;>  
 
Nkw;fz;l rkd;ghNl Mbr;rkd;ghlhFk;. cfe;jjhf Njhd;wpdhYk;> ,r;rkd;ghL midj;Jr; 
#o;epiyfSf;Fk;> vt;tpjkhd Nfhsf MbfSf;Fk; nghUj;jkhdjhFk;. Vnddpy;> rkd;ghL 
u, v kw;Wk; f f;F Kiwahd FwpaPl;L kuig ehk; gad;gLj;jp cs;Nshk;.  
 
Nfhsf Mbfspy; Vw;gLk; gf;fthl;L cUg;ngUf;fk;:  
 
gpk;gj;jpd; cauj;jpw;Fk;> nghUspd; cauj;jpw;Fk; cs;s tpfpjk;> gf;fthl;L my;yJ FWf;F 
cUg;ngUf;fk; vd tiuaWf;fg;gLfpwJ. nghUspd; cauk; kw;Wk; gpk;gj;jpd; cauk; ,uz;Lk; 
Kjd;ik mr;Rf;Fr; nrq;Fj;jhf> Kjd;ik mr;rpypUe;J msf;fg;gl Ntz;Lk;.  

 cUg;ngUf;fk; (m) = 
( ')

( )

h

h

gpk; gj;jpd; cauk; 

nghUspd; cauk; 
 

   
'h

m
h

=  

,q;F gad;gLj;Jf.  
' ' 'A B PA

AB PA
=  

nghUj;jkhd FwpaPLfisg; gad;gLj;Jk; NghJ>  
 ' ' , , ' ,A B h AB h PA v PA u= = = − = −   

  
'h v

h u

− −
=
−

 

NkYk; ,jidr; RUf;Fk; NghJ>  

  
'h v

m
h u

= =    

Mbr; rkd;ghl;bidg; gad;gLj;jp> cUg;ngUf;fr; rkd;ghl;bidg; gpd;tUkhWk; vOjyhk;;.  

   
'h f v f

m
h f f u

−
= = =

−
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xspapd; Ntfk; (Speed of light):  
 
xsp ntw;wplj;jpd; topNa ngUk Ntfj;jpy; nry;fpwJ. ntw;wplj;jpy; xspapd; Ntfk; c vd;W 
Fwpg;gplg;gLfpwJ. mjd; kjpg;G c =  3 × 108 m s-1 MFk;. ,J> ngUk kjpg;ghFk;. xspapd; 
NTfj;ijf; fz;lwpa mwpQh;fs; gy;NtW Kaw;rpfis Nkw;nfhz;ldh;. gpuQ;R mwpQh; 
`pg;Nghiyl; /gp]PA (Hippolyte Fizeau) (1819 - 1896) vd;gth;> xspapd; Ntfj;ijf; 
fz;lwptjw;fhd Kaw;rpia Kjypy; Nkw;nfhz;lhh;. mk;Kaw;rp> kw;w mwpQh;fSf;Fk; 
xspapd; Ntfj;ijf; fz;lwptjw;fhd mbj;jsj;ij mikj;Jf; nfhLj;jJ.  
 
xspapd; Ntfj;ijf; fz;lwptjw;fhd /gp]PAKiw (Fizeau’s Method) 
Ma;Tf;fUtpfs;: fhw;wpy; xspapd; Ntfj;ijf; fz;lwptjw;fhd Ma;Tf; fUtp 
fhl;lg;gl;Ls;sJ. xsp%yk; (S) ,ypUe;J tUk; xspahdJ Kjypy; ghjp nts;sp G+rg;gl;l 

fz;zhbj; jfl;bd; kPJ (G) tpOfpwJ. ,f;fz;zhbj; jfL> xsp %yj;jpypUe;J tUk; 

xspiag; nghUj;J 45˚ Nfhzj;jpy; rha;e;Js;sJ. (N) gw;fSk;. rk mfyKila (N) 
ntl;LfSk;l nfhz;l RoYk; gw;rf;fuj;jpd; topNa xspf;fjph; nrYj;jg;gLfpwJ. 
gw;rf;fuj;jpd; Row;rp Ntfk; Gw ,ae;jpu mikg;gpd; %yk; fl;Lg;gLj;jg;gLfpd;wJ. 
gw;rf;fuj;jpd; xU ntl;L topNa nry;Yk; xsp gw;rf;fuj;jpypUe;J kpf ePz;l njhiytpy; (d) 
itf;fg;gl;Ls;s rjks Mb (M) xd;wpdhy; vjpnuhspf;fg;gLfpwJ. gw;rf;fuk; 
Roytpy;iynadpy;> vjpnuhspf;fg;gl;l xsp mNj ntl;L topNa kPz;Lk; nrd;W> ghjp nts;sp 
G+rg;gl;l Mbapd; topahfr; gazpj;J cw;W Nehf;Fgthpd; fz;fis milfpwJ.  
 
Ntiy nra;Ak; Kiw: RoYk; gw;rf;fuj;jpd; NfhzNtfk; RopapypUe;J xU Fwpg;gpl;l 
kjpg;gpw;F (ω) mjpfhpf;fg;gLfpwJ. mjhtJ> xU ntl;L topahfr; nrd;w xspf;fjph; 

Mbapdhy; vjpnuhspf;fg;gl;l gpd;G> mLj;j gy;ypdhy; (tooth) KOtJk; jLf;fg;gLk; tiu 
gw;rf;fuj;jpd; Ntfk; mjpfhpf;fg;gLfpwJ. gFjp nts;sp G+rg;gl;l Mbapd; topNa 
ghh;f;Fk;NghJ> xsp KOtJkhf kiwtjpypUe;J ,jid cWjp nra;ayhk;.  
 
rkd;ghl;bid tUtpj;jy;: fhw;wpy; xspapd; (v), Ntfk; xsp gw;rf;fuj;jpypUe;J Mbf;Fr; 

nrd;W> kPz;L gw;rf;fuj;ij milAk; njhiytpw;Fk; (2d)> vLj;Jf; nfhz;l Neuj;jpw;Fkhd 
tpfpjkhFk;.  
 

    
2d

v
t

=  

njhiyT (d) apid Ma;T mikg;gpypUe;J mwpe;J nfhs;syhk;. vLj;Jf;nfhz;l Neuk; (t) 
apid gw;rf;fuj;jpd; Nfhz Ntfk; (ω) tpypUe;J fzf;fplyhk;.  

   
t

 =  

xsp Kjd; Kjypy; kiwAk; Neuj;jpy;> gw;rf;fuj;jpd; NfhzNtfk; (ω) gpd;tUkhW 
 
,q;F θ vd;gJ> t Neu ,ilntspapy; gw;rf;fuk; RoYk;NghJ> gw;rf;fuj;jpd; xU gy;ypw;Fk;> 
xU ntl;bw;Fk; ,ilNa cs;s NfhzkhFk;.  

    =
tl;lj;jpd; nkhj;jf; Nfhzk; Nubadpy;

gw; fspd; vz;zpf;if ntl; Lfspd; vz;zpf;if+
 

   
2

2N N

  = =  

θ tpd; kjpg;ig gpujpapLk; NghJ>  

   
/ N

t Nt

  = =  

Nkw;fz;l rkd;ghl;il t f;F vOJk;NghJ  
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   t
N




=  

gpujpapl 

   
2

/

d
v

N 
=  

rkd;ghl;ilr; rPuikj;j gpd;dh;>  
 

   
2dN

v



=  

mLj;J cs;s gy;ypdhy; xsp kiwf;fg;gLk;NghJ Njhd;Wk; Fiwe;jgl;r xspr;nrwptpidf; 
fhz;gjpy; /gp]PAtpw;F rpy ,lh;ghLfs; Njhd;wpd. vdpDk; ,th; fz;lwpe;j xspapd; Ntfk;. 
cz;ikahd xspapd; Ntfj;jpw;F kpf neUf;fkhf ,Ue;jJ. ,jw;Fg;gpd; /gp]PAtpd; mNj 
Ma;T mikg;gpd; mbg;gilapy; kw;Wk; rpy El;gkhd fUtpfisg; gad;gLJ;jp fhw;wpy; 
xspapd; Ntfk; v = 2.99792 × 108 m s-1 vdf; fz;lwpag;gl;lJ.  
 

gw;rf;fuj;jpd; Ntfj;ijr; RopapypUe;J ω tiu mjpfhpf;Fk; NghJ xsp kiwe;J 

tpLfpwJ. gw;rf;fuj;jpd; Ntfj;ij NkYk; mjpfhpj;Jf; nfhz;Nl nrd;W 2ω kjpg;ig 
milAk;NghJ vjpnuhspf;fg;gl;l xsp mLj;j ntl;L topahfr; nrd;W cw;Wg;ghh;g;g 
tiu milfpwJ. vdNt> ω tpd; xw;iwg;gil kjpg;GfSf;nfy;yhk; xsp kiwtJk;. 
(gw;fspdhy; jLf;fg;gLk;)> ,ul;ilg; gil kjpg;GfSf;nfy;yhk; xsp njhptJk; (ntl;L 
topahf mDkjpf;fg;gLk;) khwp khwp eilngWk;.  
 
ntt;NtW Clfq;fspd; topNa xspapd; Ntfk;:  
g;Nghfhy;l; (Foucault) (1891 - 1868) kw;Wk; ikf;fy;fs; (Michelson) (1852 – 1931) 
Nghd;wth;fs; fz;zhb kw;Wk; ePh; Nghd;w ntt;NtW xspGk; Clfq;fis xspapd; ghijapy; 
itj;J> xspapd; Ntfj;ij me;j Clfq;fspy; fz;lwpe;jdh;. NkYk;> ntw;wplf; 
Foha;fisAk; xspapd; ghijapy; itj;J ntw;wplj;jpy; xspapd; Ntfj;ijf; fz;lwpe;jdh;. 
Nkw;Fwpg;gpl;l Nrhjidfspy; ,Ue;J kw;w midj;J Clfq;fistpl> ntw;wplj;jpy; xspapd; 
Ntfk; mjpfk; vdf;fz;lwpe;jdh;. ntw;wplj;jpy; xspapd; Ntfk; c = 3 × 109 m s-1 vdf; 
fz;lwpe;jdh;. ntw;wplk; kw;Wk; fhw;W ,uz;bYk; xspapd; Ntfk; fpl;lj;jl;l rkkjpg;gpidNa 
ngw;wpUf;Fk; vd;gij ehk; epidtpy; nfhs;s Ntz;Lk;.  
 
xsptpyfy; vz;:  
 
ntw;wplj;jpy; (my;yJ fhw;wpy;) xspapd; Ntfj;jpw;Fk;> Clfj;jpy; xspapd; Ntfj;jpw;Fk; 
cs;s tpfpjNk> me;j Clfj;jpd; xsptpyfy; vz; MFk;.   

Clfj;jpd; xsptpyfy; vz; (n) = 
( )

( )
ntw; wplj;jpy; xspapd; Ntfk; 

Clfj;jpy; xspapd; Ntfk; 

c

v
 

c
n

v
=  

xspGFk; Clfk; xd;wpd; xsptpyfy; vz;> me;j Clfj;jpy; xspapd; Ntfj;ijg;gw;wp mwpa 
JizGhpfpwJ.  
 
xsptpyfy; vz;Zf;F myF ,y;iy. ntw;wplk;jhd; kpff;Fiwe;j xsptpyfy; vz;izg; 
ngw;Ws;sJ. mjd; kjpg;G 1 MFk;. kw;w midj;J Clfq;fspd; xsptpyfy; vz;Zk; 1 I 
tpl mjpf kjpg;igNa ngw;wpUf;Fk;. xsptpyfy; vz;iz Clfj;jpd; xsp mlh;j;jp (Optical 
density) vd;Wk; miof;fyhk;.  
 
cah;e;j xsptpyfy; vz;izg; ngw;Ws;s Clfj;jpd; xsp mlh;j;jp mjpfk;. mt;Clfj;jpd; 
topNa xsp nkJthfr; nry;Yk; ,NjNghd;W Fiwe;j xsptpyfy; vz;izg; ngw;Ws;s 
Clfj;jpd; xsp mlh;j;jp FiwT. mt;Clfj;jpd; topNa xsp Ntfkhfr; nry;Yk; (Fwpg;G : 
xsp mlh;j;jpia> Clfg; nghUspd; epiw mlh;j;jpAld; Nrh;j;Jf; Fog;gpf; nfhs;sf;$lhJ. 
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,it ,uz;Lk; ntt;Ntwhdit) ntt;NtW xspGFk; Clfq;fspd; xsptpyfy; vz;fs; 
nfhLf;fg;gl;Ls;sd.  
 
ntt;NtW Clfq;fspd; xsptpyfy; vz;fs;  
 

Clfk; Xsptpyfy; vz;  
ntw;wplk; 1.00 
fhw;W 1.0003 
fhh;gd; il Mf;irL  1.0005 
gdpf;fl;b 1.31 
J}a ePh; 1.33 
vj;jpy; My;f`hy;  1.36 
Fthh;l;];  1.46 
jhtu vz;nza;  1.47 
Mypt; vz;nza; 1.48 
Mf;hpypf; 13.49 
Nkir cg;G  1.51 
fz;zhb 1.52 
ePyf;fy; 1.77 
rph;fhd;  1.92 
fdrph;Nfhdpah 2.16 
ituk; 2.42 
fhypak; gh];Ngl; 3.50 

 
xspg;ghij (optical path):  
Clfk; xd;wpy; xsp (d) njhiyitf; flf;f vt;tsT Neuj;ij vLj;Jf; nfhs;fpwNjh> mNj 

Neu ,ilntspapy; ntw;wplj;jpd; topNa xsp fle;J nry;Yk;; njhiyT d’ Clfj;jpd; 
xspg;ghij vd;W tiuaWf;fg;gLfpwJ.  
 
xsp tpyfy; vz; (n) kw;Wk; jbkd; (d) nfhz;l Clfk; xd;iwf; fUJf. me;j Clfj;jpd; 

topahf (v) Ntfj;jpy;> (t) Neuj;jpy; xsp gazk; nra;fpwJ vdpy;>  

d
v

t
=  rkd;ghl;il (t) f;F khw;wpaikf;Fk; NghJ> 

d
t

v
=  

 
,Nj Neu ,ilntspapy;> ntw;wplj;jpy; xsp neLe;njhiyT (d) nrd;wpUf;Fk;. Vnddpy;> xsp 
ntw;wplj;jpd; topNa ngUk Ntfj;jpy; (c) nry;Yk;. vdNt>  
 

'd
c

t
=  rkd;ghl;il (t)f;F khw;wp mikf;Fk; NghJ> 

'd
t

c
=  

,uz;L epfo;TfspYk; vLj;Jf;nfhs;sg;gl;l Neuk; (t) rkk;. vdNt> ,uz;L epfo;Tfspd; 
Neuj;ijAk; rkd; nra;J gh;f;fyhk;. mjd;gb  

  
'd d

c v
=  

xspg;ghij (d) f;F khw;wp mikf;Fk; NghJ '
c

d d
v

=  

,q;F ;
c

n
v
=  vdNt> xspg;ghij  
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   d’ = nd  
xU Clfj;jpw;F n vg;NghJk; 1 I tpl mjpfkhFk;. vdNt> Clfj;jpd; xspg;ghij d’ 
vg;NghJk; d I tpl mjpfkhf ,Uf;Fk;. Clfj;jpd; xspg;ghij fhl;lg;gl;Ls;sJ.  
 
xsp tpyfy; (Refraction):  
xspahdJ> Xh; Clfj;jpypUe;J kw;Nwhh; Clfj;jpw;F mt;tpU Clfq;fisg;gphpf;Fk; vy;iy 
topahfr; nry;Yk; epfo;T xsptpyfy; vdg;gLk;. xsptpyfypy; Xh; Clfj;jpd; gLNfhzk; (i)> 
kw;Wk; kw;Nwhh; Clfj;jpd; tpyFNfhzk; (r) Nghd;wit> xspf;fjph;gLk; Gs;spapy; ,uz;L 
Clfq;fisAk; gphpf;Fk; jsj;;jpw;F tiuag;gl;l nrq;Fj;Jf; Nfhl;bidg; nghUj;J 
msf;fg;gLfpd;wd. xsptpyfy; tpjpapid ];ndy; tpjp (Snell’s law) vd;Wk; miof;fyhk;.  
 
];ndy; tpjpapd;gb:  
 

1. gLfjph;> tpyFfjph;> tpyFjsk; kw;Wk; tpyFjsj;jpw;F tiuag;gl;l nrq;Fj;Jf;NfhL 
,it midj;Jk; xNu jsj;jpy; mikAk;.  
 

2. Kjy; Clfj;jpd; gLNfhzj;jpd; ird; kjpg;gpw;Fk; (sin i)> ,uz;lhtJ Clfj;jpd; 

tpyF Nfhzj;jpd; ird; kjpg;gpw;Fk; (sin r) cs;s tpfpjk;> ,uz;lhtJ Clfj;jpd;  
 
xsptpyfy; vz;Zf;Fk; (n2) Kjy; Clfj;jpd; xsptpyfy; vz;Zf;Fk; (n1) cs;s 
tpfpjj;jpw;Fr; rkkhFk;.  

  2

1

sin

sin

i n

r n
=  

Nkw;fz;l rkd;ghL tpfpjtbtpy; cs;sJ. ,jid ngUf;fy; tbtpy; gpd;tUkhW vOjyhk;.  
  n1 sin i = n2 sin r  
,U Clfq;fisg; gphpf;Fk; vy;iyapy; Vw;gLk; xsptpyfy; fhl;lg;gl;Ls;sJ.  
 
xsptpyfypdhy; Vw;gLk; tpyFNfhzk;:  
 
gLfjpUf;Fk;> tpyFfjpUf;Fk; ,ilNa cs;s Nfhzk; tpyFNfhzk; vdg;gLk;. xspf;fjph; 
mlh;Fiw Clfj;jpypUe;J mlh;kpF Clfj;jpw;Fs; nry;Yk;NghJ nrq;fj;Jf;Nfhl;il Nehf;fp 
tisAk;. ,j;jifa epfo;Tf;fhd tpyFNfhzk;  
  d = i – r  
khwhf> xspf;fjph; mlh;kpF Clfj;jpypUe;J> mlh;Fiw Clfj;jpw;Fs; nry;Yk; NghJ> 
nrq;Fj;Jf;Nfhl;iltpl;L tpyfpr; nry;Yk;. ,j;jifa epfo;Tf;fhd tpyFNfhzk;  
 
xsp tpyfypd; gz;Gfs;:  
 

1. xU mlh;Fiw Clfj;jpy; ,Ue;J> mlh;kpF Clfj;jpw;Fs; nry;Yk; NghJ mJ 
mlh;kpF Clfj;jpy; cs;s nrq;Fj;Jf;Nfhl;il Nehf;fp tisAk;. 
 

2. xsp mlh;kpF Clfj;jpy; ,Ue;J> mlh;Fiw Clfj;jpw;Fs; nry;Yk; NghJ mJ 
mlh;Fiw Clfj;jpy; cs;s nrq;Fj;Jf;Nfhl;iltpl;L tpyfpr;nry;Yk;.  
 

3. ve;j xsptpyF gug;ghf ,Ue;jhYk;> mJ rpwpjsT xsp vjpnuhspg;igAk; Vw;gLj;Jk;. 
vdNt> tpyfyile;j xspf;fjphpd; nrwpT> gLfjphpd; nrwpittplf; FiwthfNt 
fhzg;gLk;. ,t;thW xNu xsp %yj;jpypUe;J tUk; xspapd; xU gFjp xsp 
vjpnuhspg;igAk;> kw;nwhU gFjp xsptpyfiyAk; milAkhdhy; mjw;F xNuNeu 
vjpnuhspg;G my;yJ xNuNeu xsptpyfy; (Simultaneous reflection and Simultaneous 
refraction) vd;W ngah;. ,J gFjp nts;sp G+rg;gl;l fz;zhbapy; ,J Nghd;w xNu 
Neu vjpnuhspg;G kw;Wk; tpyF gug;Gfs; fhzg;gLk;.  
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kPSk; nfhs;if (Principle of reversibility) 
 
kPSk; nfhs;ifapd;gb> xsp nry;Yk; ghijapd; jpiriag; gpd;Ndhf;fpj; jpUg;Gk; NghJ 
(reversed). xsp kpfr;rhpahf jhd; fle;Jte;j ghijapd; topahfNt jpUk;gpr; nry;Yk;. 
,f;nfhs;if xsp vjpnuhspg;G kw;Wk; xsptpyfy; ,uz;bw;Fk; nghUe;Jk;.  
 
gug;Gfspd; kPJ jFe;j G+r;ir Vw;gLj;Jtjd; %yk; xNu Neu xsptpyfy; kw;Wk; xsp 
vjpnuhspg;ig Njhw;Wtpf;Fk; xspg;gug;Gfis cUthf;fyhk;. ,t;thW> xU fz;zhbg; 
gug;gpd; kPJ G+Rk; nghUspd; msit khw;wp mjidg; gFjp xspGF gug;ghfTk;> gFjp 
xsp vjpuhspg;Gg; gug;ghfTk; khw;wyhk;. ,t;thW cUthf;fg;gl;l fz;zhbia 
tzpfuPjpahf ,Utopf; fz;zhb kw;Wk; miu my;yJ ghjp nts;sp G+rg;gl;l 
fz;zhb vd miof;fpwhh;fs;. ,Utop fz;zhb gpd;gf;fk; KOtJk; 
,Ushf;fg;gl;lhy; mJ ghh;g;gjw;F rhjhuz xU top fz;zhb Nghd;Nw fhzg;gLk;. 
Mdhy;> ,Utopf; fz;zhbapd; gpd;Gwk; Nfkpuhf;fs; kiwj;J itf;fg;gl;bUf;fyhk;. 
vdNt> ekf;F mwpKfkpy;yhj ,lq;fspy; itf;fg;gl;Ls;s fz;zhbfspd; Kd;G ehk; 
epw;Fk; NghJ kpfTk; vr;rhpf;ifahf ,Uf;f Ntz;Lk;. ,Utopf; fz;zhbah vd 
Nrhjpj;Jg;ghh;f;f xU topKiw cs;sJ. tpuyhy; fz;zhbiaj; njhLk;NghJ> 
tpuYf;Fk; mjd; gpk;gj;jpw;Fk; ,ilNa ,ilntsp ,Ue;jhy; mJ rhjhuz fz;zhb. 
mt;thW ,y;yhky; tpuy; Neubahfg; gpk;gj;ijj; njhl;lhy; m/J ,Utopf; 
fz;zhbahFk;. 
 

];ndy; tpjp rkd;ghl;bYs;s 2

1

n

n

 
 
 

 gjj;jpw;F Kjy; Clfj;ijg; nghUj;J> ,uz;lhtJ 

Clfj;jpd; xg;Gik xsptpyfy; vz; vd;W ngah;. ,jid (n21) vd vOjyhk;.  

   2
21

1

n
n

n
=  

xg;Gik xsptpyfy; vz; rkd;ghl;bypUe;J NkYk; rpy gaDs;s njhlh;Gfis tUtpf;fyhk; 
mit KiwNa>  
 
Neh;khW tpjp  

12

21

1
n

n
=  my;yJ 1

2 2 1

1

/

n

n n n
=  

rq;fpyp tpjp  

  32 31 12n n n=  my;yJ 3 3 1

2 1 2

n n n

n n n
=   

 
Njhw;w Mok;  
 
nghJthf ePH; epug;gg;gl;l njhl;bapDs; ghh;f;Fk;NghJ> njhl;bapd; mbg;gug;G rw;W NkNy 
njhptJNghyj; Njhd;Wk;. nrq;Fj;J epiyapy; ghh;f;Fk;NghJ njhpAk; Njhw;w Moj;jpw;fhd 
rkd;ghl;il ehk; tUtpf;fyhk;.  
 
njhl;bapd; mbapy; cs;s (O) vd;w nghUspypUe;J tUk; xsp mlh;kpF Cl ,Ue;J (ePh;) 
mlh; Fiw Clfj;jpw;F (fhw;W) te;J ekJ fz;fis milfpwJ. ,t;nthspf;fjph; 
mlh;Fiw Clfj;jpy; gLfjph; gLk;Gs;spapy; (B) tiuag;gl;Ls;s nrq;Fj;Jf; Nfhl;bidtpl 
tpyfpr; nry;Yk;. mlh;kpF Clfj;jpd; xsptpyfy; vz; (n1) NkYk; mlh;Fiw Clfj;jpd; 

xstpyfy; vz; (n2). ,q;F n1 > n2 mlh;kpF Clfj;jpy; gLNfhzj;jpd; kjpg;G (i) kw;Wk; 
mlh;Fiw Clfj;jpy; tpyF Nfhzj;jpd; kjpg;G (r). Neh;f;NfhLfs; NN’ kw;Wk; OD ,uz;Lk; 

,izahdit. vdNt> Nfhzk;  DIB Ak; (r) MFk;. Nfhzq;fs; (i) kw;Wk; (r) ,uz;Lk; 

kpfTk; rpwpait. vdNt> nghUs; O tpypUe;J ntspte;J ek; fz;fis milAk; fjph;fSk; 
kpfTk; FWfpaitNa. ,t;xsp tpyfYf;fhd ];ndy; tpjpapd; ngUf;fy; tbtk;  
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   n1 sin i = n2 sin r  
Nfhzq;fs; (i) kw;Wk; (r) Mfpatw;wpd; kjpg;G kpfTk; FiwT. vdNt> ,jidg; gpd;tUkhW 

Njhuhakhf;fyhk;> sin i ≈ tan i;  
   n1 tan i = n2 tan i  
Kf;Nfhzq;fs; ΔDOB kw;Wk; Δ DIB apy;  

   tan (i) = 
DB

DO
 kw;Wk; tan (r) = 

DB

DI
 

   
1 2

DB DB
n n

DO DI
=  

 
,uz;L gf;fKs;s DB f;fSk; xd;iw xd;W rkd;nra;J nfhs;Sk;. vdNt DO vd;gJ 

cz;iahd Mok; (d) kw;Wk; DI vd;gJ Njhw;w Mok; d’ MFk;  

   
1 2

1 1

'
n n

d d
=  

   2

1

'd n

d n
=  

Nkw;fz;l rkd;ghl;il d’ f;F khw;wp mikf;Fk; NghJ>  

   2

1

'
n

d d
n

=  

,q;F mlh;Fiw Clfk; fhw;W. mjd; xsptpyfy; vz; 1, (n2 = 1). NkYk; mlh;kpF 

Clfj;jpd; xsptpyfy; vz; n1 = n vd vLj;Jf;nfhz;lhy;> (n1 = n), ,jw;fhd Njhw;w Mor; 
rkd;ghL  

    '
d

d
n

=  

njhl;bapd; mbg;gug;G d – d’ msT NkNy vOk;gpj; njhpAk;. vdNt>  

   d – d’ = d - d

n
 my;yJ 

1
' 1d d d

n

 − = − 
 

 

 
ntt;NtW xsptpyfy; vz;fisf; nfhz;Ls;s tspkz;lyj;jpd; ntt;NtW 
mLf;Ffspd; topNa xsp nry;Yk; NghJ njhlh; xsptpyfy; Vw;gLtjpdhy; 
mjd;ghij njhlh;e;J tpyfyilAk; cjhuzkhfr; #hpa cjaj;jpd; nghJ ehk; 
fhZk; #hpad;> cz;ikapy; #hpad; cjpg;gjw;Fr; rpwpJ Neuj;jpw;F Kd;Ng njhpaj; 
njhlq;Fk;. ,Nj Nghd;W> #hpad; cz;ikapy; kiwe;j gpwFk; ekf;Fr; #hpad; 
njhpAk;. ,t;tpuz;L epfo;TfSf;Fk; fhuzk;> tspkz;lyj;jpdhy; Vw;gLk; xsptpyfy; 
MFk;. cz;ikahd #hpa cjak; vd;gJ #hpad; fpilj;jsj;ijf; flg;gijf; 
Fwpf;fpwJ. fPNo fhl;lg;gl;Ls;s glq;fs; fpilj;jsj;ijg; nghUj;Jr; #hpadpd; 
cz;ikahd epiy kw;Wk; Njhw;w epiyfisf;fhl;Lfpd;wd. ,g;glk; 
tspkz;lyj;jpdhy; Vw;gLk; xsptpyfiy tpsf;Ftjw;fhf kpifg;gLj;jg;gl;l glkhFk;. 
#hpadpd; jpirapy; Vw;gLk; Njhw;w khw;wk; fpl;lj;jl;l miu bfphp. ,jw;fhd Neu 
NtWghL 2 epkplq;fshFk;. ,Nj epfo;tpd; fhuzkhfj;jhd; #hpa cjak; kw;Wk; 
kiwtpd; NghJ #hpad; Rw;W jl;ilahfj; njhpfpwJ. (Kl;il tbtpy;). glj;jpy; 
fhl;lg;gl;Ls;s tpz;kPd;fspd; epiyfSf;Ff; fhuzKk; ,Nj epfo;Tjhd;. cz;ikapy; 
tpz;kPd;fs; kpd;Dtjpy;iy> mit kpd;DtJNghd;W Njhd;Wfpd;wd. ,jw;Ff; fhuzk; 
ntt;NtW xsptpyfy; vz;fisg; ngw;Ws;s tspkz;ly mLf;Ffspd; ,af;fNkahFk; 
,uT thdpy; njspthf ,jid ehk; fhzyhk;.  
 
khWepiyf;Nfhzk; kw;Wk; KO mf vjpnuhspg;G:  
 
xspf;fjpnuhd;W mlh;kpF Clfj;jpypUe;J mlh;Fiw Clfj;jpw;Fr; nry;Yk;NghJ> mjd; 
ghijapypUe;J tpyfpr; nrq;Fj;Jf; Nfhl;il tpl;L tpyfpr; nry;fpwJ. ,jd; fhuzkhf mlh; 



 

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

 

Fiw Clfj;jpy; tpyFNfhzk; (r), mlh;kpF Clfj;jpy; gLNfhzk; (i), I tpl mjpfkhf 
cs;sJ.  
 
nghJthfg; gLNfhzj;ijg; (i) gbg;gbahf mjpfhpf;Fk;NghJ tpyFNfhzk; (r) tpiuthf 

mjpfhpf;Fk;. xU fl;lj;jpy; ,jd; kjpg;G 90˚ I milAk; my;yJ tpyF fjph; ,uz;L 
Clfq;fisAk; gphpf;Fk; vy;iyapidj; jOtpr; nry;Yk;.  
 
 
mlh;kpF Clfj;jpy; ve;jg; gLNfhzkjpg;gpw;F> tpyFfjph; Clfq;fisg;gphpf;Fk; vy;iyiaj; 
jOtpr;nry;fpwNjh> me;jg; gLNfhzNk khWepiyf; NfhzkhFk; ic. mlh;kpF Clfj;jpy; 
gLNfhzj;jpd; kjpg;gpid khWepiyf; Nfhzj;ijtpl mjpfhpf;Fk;NghJ> mlh;Fiw Clfj;jpy; 
xsptpyfy; Vw;gl vt;tpj rhj;jpaKk; ,y;iy. mg;NghJ xsp KOtJk; mlh;kpF 
Clfj;jpNyNa vjpnuhspf;Fk;. ,e;epfo;r;rpf;F KO mf vjpnuhspg;G vd;W ngah;.  
 
khWepiy gLNfhzj;jpw;F> ];ndy; tpjpapd; ngUf;fy; tbtk; gpd;tUk; tbtpy; mikAk;  
   n1 sin ic = n2 sin 90˚  
   n1 sin ic = n2  

   sin ic = 2

1

n

n
 

,q;F n1 > n2. mlh;Fiw Clfk; fhw;W Clfk; vdpy; mjd; xsptpyfy; vz;iz 1 vdTk;> 

mlh;kpF Clfj;jpd; xsptpyfy; vz;iz n vdTk; fUjyhk;.  
  mjhtJ (n2 = 1) kw;Wk; (n1 = n) 
 

1
sin

c
i

n
=   (my;yJ) 

1 1
sin

c
i

n

−  =  
 

 

 
vLj;Jf;fhl;lhf> fz;zhbapd; xsptpyfy; vz; 1.5. fz;zhb – fhw;W ,ilKfj;jpd; 

(Interface) khWepiyf;Nfhzk; 
1 1

sin 41.8
1.5

c
i

−  = =  
 

 jz;zPh; - fhw;W ,ilKfj;jpd; 

khWepiyf;Nfhzk; 
1 1

sin 48.6
13

c
i

−  = =  
 

 

 
khWepiyf;Nfhzk; ic Clfj;jpd; xsptpyfy; vz;izr; rhh;e;Js;sJ. ntt;NtW nghUs;fspd; 
xsp tpyfy; vz; kw;Wk; khWepiyf; Nfhzk; Nghd;wit nfhLf;fg;gl;Ls;sd.  
 
ntt;NtW nghUs;fspd; xsptpyfy; vz; kw;Wk; khWepiyf; Nfhzk; 
 

nghUs;fs; Xsp tpyfy; vz; khWepiyf; Nfhzk;  
gdpf;fl;b 1.310 49.8˚ 
jz;zPh; 1.333 48.6 ˚ 
cUfpa Fthh;l;]; (SiO2)  1.458 43.3˚ 
f;uTz; fz;zhb 1.541 40.5˚ 
/g;spz;l; fz;zhb 1.890 31.9˚ 
fhy;irl; (CaCO2) 1.658 37.0˚ 
ituk; 2.417 24.4˚ 
];l;Nuhz;bak; ill;lNdl; 
(SrTiO3)  

2.417 24.4˚ 

&l;ily; 2.621 22.4˚ 
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KO mf vjpnuhspg;gpd; tpisTfs;:  
ituj;jpd; n[hypn[hypg;G:  
 
ituk; n[hypg;gjw;Ff; fhuzk;> mjd; cs;Ns eilngWk; KO mf vjpnuhspg;Ng MFk;. 
ituj;jpd; xsptpyfy; vz; fpl;lj;jl;l 2.417 MFk;. ,k;kjpg;G rhjhuz fz;zhbapd; 
xsptpyfy; vz; kjpg;ghd fpl;lj;jl;l 1.5 I tpl kpfTk; mjpfk;. ituj;jpd; 
khWepiyf;Nfhzk; Vwj;jho 24.4˚. ,J fz;zhbapd; khWepiy Nfhzj;ij tpl kpfTk; 

FiwT. jpwik tha;e;j ituNtiy nra;gth; gLNfhzj;jpd; ,e;j ePz;l neLf;fj;ij (24.4˚ 
,y; ,Ue;j 90˚ tiu) ed;F gad;gLj;jpf;nfhs;thh;. ituj;jpd; cs;Ns Eioe;j xsp 
ntspNaWtjw;F Kd;ghf ituj;jpd; cl;GwKs;s ntl;LKfq;fspy; gyKiw KO mf 
vjpnuhspg;G milfpwJ. mt;thW KO mf vjpnuhspg;G miltjhy; ituk; ed;F 
n[hypf;fpwJ.  
 
KO mf vjpnuhspg;G Vw;gLtjw;fhd ,uz;L epge;jidfs;  
 

1. xsp mlh;kpF Clfj;jpy; ,Ue;J> mlh;Fiw Clfj;jpw;Fr; nry;y Ntz;Lk;.  
2. mlh;kpF Clfj;jpy; gLNfhzj;jpd; kjpg;G> khWepiyf; Nfhzj;ijtpl> mjpfkhf 

,Uf;f Ntz;Lk; (I > ic)  
 

fhdy; ePh; kw;Wk; Fsph; khaj;Njhw;wk; (Mirrage and looming):  
 
xsptpyfy; vz;nfhz;l Clfj;jpd; topNa xspf;fjph; nry;Yk;NghJ> fhw;wpd; ntt;NtW 
mLf;Ffspy;> nrq;Fj;Jf; Nfhl;bidtpl;L xspf;fjph; njhlh;e;J tpyfyilAk;. NkYk;> 
jiuapd; mUNf gLNfhzk; khWepiyf; Nfhzj;ijtpl mjpfkhf cs;s epiyapy; KO mf 
vjpnuhspg;G milAk;. mjhtJ xsp jiuapd; mbapypUe;J tUtJNghd;w xh; 
khaj;Njhw;wj;ij vw;gLj;Jk;. fhw;W mLf;Ffspd; mirAk; jd;ikapdhy; ePh; epiyapy; 
,Ue;J vjpnuhspg;gJ Nghd;W njhpAk; my;yJ nghUSf;F mbapy; <ug;gug;G cs;sJ Nghd;W 
njhpAk;. ,e;epfo;tpw;Ff; fhdy;ePh; vd;W ngah;.  
 
Fsph;gpuNjrq;fspy; jiuia Nehf;fpr; nry;yr;nry;y xsptpfy; vz; mjpfhpj;Jf;nfhz;Nl 
nry;Yk;. Vnddpy;> NkNy cs;s fhw;iwtplj; jiuf;F mUNf cs;s fhw;W mLf;fpd; 
ntg;gepiy Fiwthff; fhzg;gLk;. vdNt> jiuf;F mUNf cs;s fhw;wpd; mlh;j;jp kw;Wk; 
xsptpyfy; vz; cauj;jpy; cs;s fhw;iwtpl mjpfkhf ,Uf;Fk;. gdpg;ghiwfs;> ciwe;j 
Vhpfs; kw;Wk; fly;fspy; fhdy;ePhpd; vjphpilahd tpisT Vw;gLk;. vdNt> jiyfPohd 
gpk;gk; jpiuapypUe;J rw;W cauj;jpy; Njhd;Wk;. ,e;epfo;Tf;F Fsph; khaj; Njhw;wk; 
(looming) vd;W ngah;.  
    
KO mf vjpnuhspg;igg; gad;gLj;jp Kg;gl;lfq;fis cUthf;Fjy;:  
 
KO mf vjpnuhspg;igg; gad;gLj;jp xspia 90˚ my;yJ 180˚ vjpnuhspf;Fk; gb 
Kg;gl;lfq;fis tbtikf;fyhk;. Kjy; ,uz;L epfo;Tfspy; Kg;gl;lfg;nghUspd; khWepiyf; 
Nfhzj;jpd; kjpg;G ic ahdJ 45˚ tplf;FiwT. ,Ue;J f;uTd; fz;zhb kw;Wk; mlh;j;jp kpf;f 
/g;spz;l; fz;zhb ,uz;bw;Fk; ,J nghUe;Jk; vd;gij mwpayhk;.  
 
Kg;gl;lfq;fisf; nfhz;L> gpk;gj;jpd; mstpid khw;whky; gpk;gq;fisj; jiyfPohf 
khw;wyhk;. fhl;lg;gl;Ls;sJ.  
 
kpd;tpsf;F Nghd;w xsp %yj;ijj; jz;zPh;j; njhl;bapd; cs;Ns itf;Fk;NghJ> xsp 
%yj;jpypUe;J tUk; xsp> jz;zPUf;Fs; midj;Jj; jpirfspYk; guTk;. khWepiyf; 
Nfhzj;ijtplf; Fiwthd gLNfhzj;jpy; jz;zPh;g;gug;gpy; tpOk; xspf;fjph;fs; xsptpyfy; 
mile;J jz;zPh;g;gug;gpypUe;J ntspNaWk;. khWepiyf; Nfhzj;ijtpl mjpf gLNfhzj;jpy; 
jz;zPh;g;gug;gpy; tpOk; xspf;fjph;fs; KO mf vjpnuhspg;G milAk;. khWepiyf; 
Nfhzj;jpw;Fr; rkkhd gLNfhzj;jpy; jz;zPh;g;gug;gpy; tpOk; xspf;fjph;fs; gug;gpidj; 
jOtpr;nry;Yk; ,jd; fhuzkhf> ntspapypUe;j ghh;f;Fk;NghJ> jz;zPh;g;gug;G KOtJk; 
xspA+l;lg;gl;lJ Nghd;W fhl;rpaspf;Fk; fhl;lg;gl;Ls;sJ.  
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khwhf ntspg;Gwj;jpypUe;J tUk; xspiaj; jz;zPUf;Fs; ,Ue;J ghh;f;Fk; NghJ> ekJ 
ghh;it khWepiyf; Nfhzj;jpw;Fr; (ic) rkkhd xU Nfhzj;jpw;Fs; fl;Lg;gLj;jg;gLfpwJ. 
,t;thW Xh; Fwpg;gpl;l MuKila xspA+l;lg;gl;l tl;lg;gug;gpw;F ];ndy; rhsuk; vd;W ngah;. 
];ndy; rhsuk; fhl;lg;gl;Ls;sJ. ePh;tho; tpyq;Ffspd; ghh;itf;Nfhzk; fhl;lg;gl;Ls;sJ.  
 
ePh;tho; tpyq;Ffspd; ghh;itf;Nfhzk;> khWepiyf; Nfhzj;jpd; ,Uklq;fpw;Fr; (2ic) rkkhd 
Nfhzj;jpw;Fs; fl;Lg;gLj;jg;gLfpwJ. jz;zPhpd; khWepiyf;Nfhzk; 48.6˚ vdNt 

Nky;Nehf;fpg; ghh;f;Fk; nkhj;j $k;Gtbt ghh;itf; Nfhzk; 97.2˚ MFk;. tl;lg;gug;gpd; Muk; 

(R)> ePh; tho;tpyq;F vt;tsT Moj;jpypUe;J (d) NkNy ghh;f;fpwJ vd;gijg; nghUj;jJ. 
];ndy; rhsuj;jpd; Muj;ijg; gad;gLj;jpf; fz;lwpa KbAk;.  
 
xspahdJ d Moj;jpYs;s> A vd;w Gs;spapypUe;J ghh;f;fg;gLfpwJ. ,uz;L Clfq;fisAk; 

gphpf;Fk; jsj;jpy; B Gs;spapy; Vw;gLk; xsptpyfYf;F ];ndy; tpjpapd; ngUf;fy; tpbtpidg; 
gad;gLj;Jk; NghJ  

   1 2sin sin90
c

n i n=   

   1 2sin sin90 1
c

n i n=  =  

   2

1

sin c

n
i

n
=  

nrq;Nfhz Kf;Nfhzk; Δ ABC apypUe;J>  
 

  
2 2

sin c

CB R
i

AB d R
= =

+
 

rkd;ghLfs; xg;gpLk; NghJ>  

  2

2 2
1

R n

nd R
=

+
 

,uz;L gf;fKk; th;f;fg;gLj;jp> khw;wp mikf;Fk; NghJ>  

NkYk; RUf;Fk; NghJ> 

2
2

2

2 2

1

R n

R d n

 
=  +  

 

 

jiyfPohf;Fk; NghJ> 

2
2 2

1

2

2

R d n

R n

 +
=  
 

 

 

2 2
2 1 2 1

2 2 2 2
1 ; 1;

d n d n

R n R n

   
+ = = −   

   
 

 
2 2 2 2

1 1 2

2 2 2

2 2

1
d n n n

R n n

−
= − =  

 
kPz;Lk; th;f;fg;gLj;jp> khw;wpaikf;Fk; NghJ  

2 2

2

2 2 2

1 2

;
R n

d n n
=

−
       

2
2 2 2

2 2

1 2

n
R d

n n

 
=  − 

 

xspA+l;lg;gl;lg; gug;gpd; Muk;  
  

2

2

2 2

1 2

n
R d

n n

 
 =
 − 
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ntspg;Gwk; cs;s mlh;Fiw Clfk; fhw;W vdpy;> n2 = 1 NkYk; n1 = n vdf; fUjpdhy;  

   
2

1

1
R d

n

 
=  

− 
 my;yJ 

2

1

1
R d

n

 
=  

− 
 

xsp ,io (Optical fiber) 
 
KO mf vjpnuhspg;G epfo;it mbg;gilahff; nfhz;L> xsp ,iofspd; topNa nra;jpfis 
mDg;g KbAk;. xspapioapd; cl;Gwg;gFjpf;F cs;sfk; (core) vd;Wk; ntspg;Gwg;gFjpf;F 
ciwg;G+r;R (cladding or sleeving) vd;Wk; ngah;. KOmf vjpnuhspg;G Vw;gl 
cs;sfg;nghUspd; xsptpyfy; vz;> ntspg;Gw ciwg;G+r;rpd; xsptpyfy; vz;iztpl 
mjpfkhf ,Uf;f Ntz;Lk;.  
 
xsptbtpy; cs;s nra;jpia> xsp ,ioapd; cs;sfk; kw;Wk; ciwG+r;Rk; re;jpf;Fk; gug;gpd; 
cl;Gwkhf xU Fwpg;gpl;lg; gLNfhzj;jpy;> mjhtJ> khWepiyf;Nfhzj;ijtpl mjpf 
gLNfhzj;jpy; nrYj;Jk;NghJ> xsp ,ioapd; nkhj;j ePsj;jpw;Fk; vt;tpjkhd xsp ,og;Gk; 
milahky; njhlh;e;J KO mf vjpnuhspg;G mile;J kWKidia milAk;. cs;sfj;jpd; 
topNa nry;Yk; xsp> mjd; nrwptpy; Fwpg;gplj;jf;f mstpy; ,og;G VJk; Vw;glhky; xU 
KidapypUe;J mLj;j Kidf;Fr; nry;Yk;. xsp ,io klf;fg;gl;l epiyapYk; cs;sfKk; 
ntspg;G+r;Rk; re;jpf;Fk; gug;gpd; kPJ tpOk; xspapd; gLNfhzk; vg;NghJk; khWepiyf; 
Nfhzj;ijtpl mjpfkhfNt ,Uf;Fk;. xt;nthU vjpnuhspg;gpd; NghJk; KO mf vjpnuhspg;G 
eilngWtij cWjpg;gLj;JfpwJ.  
 
xsp ,ioapd; Vw;Gf;Nfhzk; (Acceptance angle in optical fibre) 
 
xsp ,ioapd; cl;gFjpapy;> cs;sfk; ntspg;G+r;R re;jpf;Fk; gug;gpy; tpOk; xspf;fjphpd; 
gLNfhzk;> khWepiyf;Nfhzj;jpy; ,Uf;f Ntz;Lnkdpy;> xsp ,ioapd; Kidapy; xU 
Fwpg;gpl;l gLNfhzj;jpy; xspf;fjpiu nrYj;j Ntz;Lk;. ,g;gLNfhzj;jpw;F xsp ,iog;gp 
Vw;Gf;Nfhzk; vd;W ngah;. Vw;Gf;Nfhzk; cs;sfj;jpd; xsptpyfy; vz; n1 ntspg;G+r;rpfs; 

xsptpyfy; vz; n2 kw;Wk; ntspg;Gw Clfj;jpd; xsptpyfy; vz; n3 Mfpatw;iwr; 

rhh;e;Js;sJ. ntspg;Gw Clfk;> cs;sfk; re;jpf;Fk; gug;gpy; A Gs;spapy; xsp Vw;Gf; 

Nfhzj;jpy; ia a
i  tpOfpwJ vdf; fUJf.  

 
A Gs;spapy; Vw;gLk; xsptpyfYf;fhd ];ndy; tpjpapd; ngUf;fy; tbtk; gpd;tUkhW.  

   3 1sin sin
a a

n i n r=  

xsp ,ioapd; cl;Gwk; KO mf vjpnuhspg;G eilngw Ntz;Lnkd;why;> cs;sfk; 
ntspg;G+r;R re;jpf;Fk; gug;gpy; B Gs;spapy; tpOk; xspapd; gLNfhzk; Fiwe;jgl;rk; 

khWepiyf; Nfhzkhf ic ,Uf;f Ntz;Lk;. ];ndy; tpjpapd; ngUf;fy; tbit B Gs;spapy; 
gad;gLj;Jk; NghJ  

  1 2sin sin90
c

n i n=  

  1 2sin sin90 1
c

n i n=  =  

  2

1

sin c

n
i

n
=  

nrq;Nfhz Kf;Nfhzk; ΔABC apypUe;J  
  90

c a
i r= −  

gpd;tUkhW khw;wkilfpwJ  

   2

1

sin (90 )a

n
r

n
 − =  

jphpNfhzkpjp rhh;Gfisg; gad;gLj;jp  



 

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

 

   2

1

cos a

n
r

n
=  

   2sin 1 cos
a a

r r= −  

cos
a

r tpd; kjpg;ig gpujpapl  

  

2
2 2

2 1 2

2

1 1

sin 1
a

n n n
r

n n

  −
= − = 

 
 

,jidr; gpujpapl 

  
2 2

2 21 2
3 1 1 22

1

sin
a

n n
n i n n n

n

−
= = −  

NkYk; ,jidr; RUf;Fk; NghJ>  
 

   ( )
2 2 2 2

1 2 1 2

2

3 3

sin sin
a a

n n n n
i or i

n n

− −
= = =  

2 2
1 1 2

2

3

sin
a

n n
i

n

−
 −

= =   
 

 

ntspg;Gw Clfk; fhw;W vdf;fUjpdhy; n3 = 1 vdNt Vw;Gf;Nfhzk; (i ) gpd;tUkhW 
khw;wkilAk;.  

   ( )1 2 2

1 2sin
a

i n n
−= = −  

,e;j Vw;Gf;Nfhzk; (i ) xsp ,ioapd; Kidapd; kPJ> xsp xU $k;Gtbit Vw;gLj;Jk;. 
,f;$k;gpw;F Vw;Gf;$k;G vd;W ngah;. ,f;$k;gpDs; xsp ve;jj; jpirapYk; xsp ,ioapd; 
cs;Ns Eioayhk;. (n3 sin i ) gjj;jpw;F xsp ,ioapd; vz;zpapy; Jis (Numerical 
aperture (NA)) vd;W ngah;.  

   2 2

3 1 2sin
a

NA n i n n= = −  

ntspg;Gw Clfk; fhw;W vdpy; n3 = 1 vdNt> vz;zpay; Jis gpd;tUkhW khw;wkilAk;  

   NA = 2 2

1 2sin
a
i n n= −  

cs;Nehf;F clw;Foha; (endoscope) vd;gJ> xsp ,iofspd; fl;L MFk;. 
Nehahspapd; clYf;Fs; ,jidr; nrYj;jp cl;Gw cWg;Gfis kUj;Jth;fs; Ma;T 
nra;thh;fs;. cs;Nehf;F clw;Foha; KO mf vjpnuhspg;Gj; jj;Jtj;jpd; 
mbg;gilapy; Ntiy nra;fpwJ. xsp ,iofis tha;> %f;F my;yJ VNjDk; 
clypy; cs;s xU jpwe;j Jthuk; topahf Nehahspapd; clYf;Fs; nrYj;Jthh;fs;. 
mt;thW nrYj;jp> mWit rpfpr;irfisAk; jw;NghJ Nkw;nfhs;fpd;wdh;. 
 
fz;zhbg;gl;lfj;jpd; (Glass slab) topNa xsp tpyfy;:  
 
fz;zhbg;gl;lfk; vd;gJ> fdrJuf;fz;zhb MFk;. ,jd;topNa xsp nry;Yk; NghJ 
fz;zhbg;gl;lf;jpd; ,uz;L xsptpyF gug;GfspYk; xsptpyfy; Vw;gLfpd;wJ. 
fz;zhbg;gl;lfj;jpd; cs;Ns xsp nry;Yk;NghJ> mlh; Fiw Clfj;jpy; ,Ue;J (fhw;W) 
mlh;kpF Clfj;jpw;F (fz;zhb) xsp nry;fpwJ. vdNt> xsp nrq;Fj;Jf;Nfhl;il Nehf;fp 
tpyFk;. fz;zhbg;gl;lfj;jpypUe;J xsp ntspNaWk;NghJ> mJ mlh;kpF Clfj;jpypUe;J> 
mlh;Fiw Clfj;jpw;F tUfpwJ. vdNt> xsp nrq;Fj;Jf;Nfhl;iltpl;L tpyfpr; nry;Yk;. 
,uz;L xsp tpyfy;fSk; epiwTngw;wgpd;; fz;zhbg;gl;lfj;jpypUe;J ntsptUk; xspf;fjph; 
gf;fthl;L ,lg;ngah;r;rp (L) mile;J gLfjphpd; jpirapNyNa gazpf;Fk;. mjhtJ> 
xspf;fjphpd; jpirapy; vt;tpj khw;wKk; ,y;iy. Mdhy;> gLfjph; kw;Wk; tpyFfjph; ,uz;Lk; 
xd;Wf;nfhd;W ,izahf ntt;NtW ghijfspy; nry;fpd;wd. gf;fthl;L ,lg;ngah;r;rpiaf; 
fzf;fpl gLfjph; kw;Wk; tpyFfjphpd; ghijfSf;F eLNt nrq;Fj;Jf;NfhL tiua Ntz;Lk;.  
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fz;zhbg;gl;lfk; xd;iwf; fUJf. mjd; jbkd; (t)> xsptpyfy; vz; (n) MFk;. ,g;gl;lfk; 

fhw;W Clfj;jpy; itf;fg;gl;Ls;sJ. xspapd; ghijia ABCD vdf; fUJf. gNfhzk; (i) 
kw;Wk; tpyFNfhzk; (r) ,uz;Lk; nrq;Fj;Jf;NfhLfs; N1 kw;Wk; N2 I nghUj;Jf; 

fz;zhbg;gl;lfj;jpd; B kw;Wk; C Gs;spfspy; fzf;fplg;gLfpd;wd. C Gs;spapy; tpyFfjph; 

kw;Wk; jpirkhwh gLfjph; ,tw;wpw;fpilNa tiuag;gl;l nrq;Fj;Jf;NfhL (CE) gf;fthl;L 

,lg;ngah;r;rp (L) I nfhLf;Fk;.  
nrq;Nfhz Kf;Nfhzk; BCE - apy;  

  sin( ) ;
sin( )

L L
i r BC

BC i r
− = =

−
 

nrq;Nfhz Kf;Nfhzk; BCF -apy;  

  cos( ) ;
cos( )

t t
r BC

BC r
= =  

,uz;ilAk; xg;gpLk; NghJ 

   
sin( ) cos( )

L t

i r r
=

−
 

rkd;ghl;bid khw;wp mikf;Fk;NghJ>  

   
sin( )

cos( )

i r
L t

r

 −
=  

 
 

gf;fthl;L ,lg;ngah;r;rp> fz;zhbg; gl;lfj;jpd; jbkidr; rhh;e;Js;sJ> jbkd; mjpfnkdpy; 
gf;fthl;L ,lg;ngah;r;rpAk; mjpfkhFk;. NkYk; gf;fthl;L ,lg;ngah;r;rp gLNfhzj;ijAk; 
rhh;e;Js;sJ. mjpf gLNfhz kjpg;gpw;F gf;fthl;L ,lg;ngah;r;rp mjpfk;. 
 
xw;iw Nfhsfg;gug;gpy; Vw;gLk; xsptpyfy; (Refraction at single spherical surface) 
 
,J tiu ehk; rkjsg;gug;gpy; Vw;gLk; xsptpyfiyg; gw;wp kl;LNk gapd;Nwhk;. ,uz;L 
xspGFk; Clfq;fSf;F eLNt cs;s Nfhsfg; gug;gpYk; xsptpyfy; eilngWk;. 
Nfhsfg;gug;gpd; xt;nthU Gs;spapYk; xsptpyfy; tpjp nghUe;Jk;. xspf;fjph; gLk; Gs;spapy; 
cs;s nrq;Fj;Jf;NfhL> mg;Gs;spapd; Nfhsfg;gug;gpw;F tiuag;gl;l njhLNfhl;Lg; gug;gpw;Fr; 
nrq;Fj;jhFk;. vdNt> nrq;Fj;Jf;NfhL vg;NghJk; tisT ikak; topahfNtr; nry;Yk;. 
xw;iwf; Nfhsfg;gug;gpy; Vw;gLk; xsptpyfy; gw;wpa mwpthdJ> ,Ugug;G nfhz;l 
nyd;];fisg; gw;wp Ghpe;Jnfhs;s JizGhpAk;. nyd;]pd; ,uz;L gug;Gfspy; VNjDk; 
xUgug;G my;yJ ,uz;L gug;GfSNk Nfhsfg;gug;ghf ,Uf;fyhk;.  
 
Nfhsfg; gug;gpy; Vw;gLk; xsptpyfiyg; gw;wp gbf;Fk;NghJ> gpd;tUk; mDkhdq;fis 
epidtpy; nfhs;s Ntz;Lk;.  
 

1. gLk; xspf;fjph; xw;iw epwk; nfhz;ljhff; fUj Ntz;Lk;.  
2. gLk; xspf;fjph;> Kjd;ik mr;Rf;F kpf neUf;fkhff; nry;tjhff; fUj Ntz;Lk; 

(mz;ik mr;Rf;fjph;) 
 

Nfhsf MbfSf;F gad;gLj;jg;gLk; FwpaPl;L kuGfis ,tw;wpw;Fk; gad;gLj;jyhk;.  
 
xw;iw Nfhsfg;gug;gpy; Vw;gLk; xsptpyfYf;fhd Nfhit (Equation for refraction at single 
spherical surface):  
 
n1 kw;Wk; n2 xsptpyfy; vz;nfhz;l ,uz;L xspGFk; Clfq;fs; Nfhsfg;gug;G xd;wpdhy; 

gphpf;fg;gl;Ls;sd. Nfhsfg;gug;gpd; tisT ikaj;ij C vd;f. O vd;w Gs;spg;nghUnshd;W 
n1 xsptpyfy; nfhz;l Clfj;jpy; cs;sJ vdf;fUJf. OC NfhL> Nfhsfg;gug;ig 
gug;GKid apy; ntl;LfpwJ. xspf;fjph;fis mz;ik mr;Rf;fjph;fshff; fUJtjhy;  
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gLk;Gs;spf;Fk;> Kjd;ik mr;Rf;Fk; nrq;Fj;Jf;NfhL gug;G Kid P-f;F neUf;fkhf my;yJ 

P topNa nry;fpwJ.  
 
Gs;sp tpypUe;J tUk; xspf;fjph; xsptpyF gug;gpd; kPJ N vd;w Gs;spapy; tpOfpwJ. 

,g;gLGs;spf;F tiuag;gl;l nrq;Fj;Jf;NfhL tisT iiak; C topNa nry;fpwJ. ,q;F n2 
> n1. vdNt mlh;kpF Clfj;jpy; cs;s xspf;fjph; nrq;Fj;Jf;Nfhl;bid Nehf;fp tpyfp 

Kjd;ik mr;ir I vd;w Gs;spapy; re;jpf;fpwJ. mg;Gs;spapy; gpk;gk; Vw;gLfpwJ.  
 
N Gs;spapy; Vw;gLk; xsptpyfYf;fhd> ];ndy; tpjpapd; ngUf;fy; tbtk; gpd;tUkhW>  
 
 
];ndy; tpjpapd; ngUf;fy; tbtk; gpd;tUkhW>  

   1 2sin sinn i n r=  

Nfhzq;fs; kpfr;rpwpait. vdNt> Nfhzq;fspd; ird; kjpg;Gfis> Neubahff; 
Nfhzq;fshfNt vLj;Jf;nfhs;syhk;.  

   1 2n i n r=  

Nfhzq;fs;>  
   , ,NOP NCP NIP   =  =  =  

   tan ; tan ; tan
PN PN PN

PO PC PI
  = = =  

,e;jf; Nfhzq;fSk; kpfr;rpwpaitfshFk;> vdNt> Nfhzq;fspd; Nld; kjpg;Gf;F gjpyhf> 
Nfhzq;fisNa vLj;Jf;nfhs;syhk;.  

  ; ;
PN PN PN

PO PC PI
  = = =  

Kf;Nfhzk; Δ ONC, apypUe;J  
  i  = +  

Kf;Nfhzk;> ΔINC, apypUe;J>  
   r = +  my;yJ r  = −  

  1 2( ) ( )n n   + = −  

rkd;ghl;bid khw;wp mikf;Fk; NghJ>  

  1 2 2 1( )n n n n  + = −  

,Ue;J , β kw;Wk; γ kjpg;Gfisg; gpujpapl>  

   1 2 2 1( )
PN PN PN

n n n n
PO PI PC

     + = −     
     

 

PN I ePf;fptpl;L NkYk; RUf;Fk; NghJ  

1 2 2 1n n n n

PO PI PC

−
+ =  

kugpidg; gpd;gw;Wk; NghJ PO = -u, PI = +v kw;Wk; vdNt> rkd;ghL gpd;tUkhW vOjyhk;>  

   1 2 2 1n n n n

u v R

− + = −  
 

rkd;ghl;bid khw;wp mikj;J> ,Wjpahf ehk; ngWtJ  

   2 1 2 1n n n n

v u R

− − = 
 

 

nghUspd; njhiyT> gpk;gj;jpd; njhiyT> ,uz;L Clfq;fspd; xsptpyfy; vz;fs; kw;Wk; 
tisgug;gpd; tisT Muk; Nghd;wtw;iw xd;Wld; xd;W njhlh;GgLj;JfpwJ. ,r;rkd;ghL 
ve;j xU tisg;gug;gpw;Fk; my;yJ Nfhsfg;gug;gpw;Fk; nghUe;Jk;. Kjy; Clfk; fhw;W vdpy; 
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n1 = 1. NkYk;> ,z;lhtJ Clfj;jpd; xsptpyfy; vz; n2 it n vdTk; nfhz;lhy;> 
Nkw;fz;l rkd;ghL gpd;tUkhW RUq;Fk;.  

   
1 1n n

v u R

− − = 
 

 

 
 
xw;iwf; Nfhsfg;gug;gpdhy; Vw;gLk; gf;fthl;L cUg;ngUf;fk; (Lateral magnification in 
single spherical surface):  
 
ePskhd xU nghUs; OO’ vd;w nghUisf; fUJf. ,g;nghUs; Kjd;ik mr;Rf;F 
nrq;Fj;jhfTk;> xw;iw Nfhsfg;gug;gpw;F ,lg;gf;fkhfTk; cs;sJ. gug;gpd; kWGwk; Njhd;Wk; 
gpk;gk; II’ MFk;. O’ vd;w Kjy; Clfj;jpypUe;J Gwg;gLk; xspf;fjph; ,uz;lhtJ 

Clfj;jpYs;s C Gs;spia Nehf;fp tUfpwJ vd;f. ,f;fjph; gpk;gj;jpd; cauj;jpw;Fk;> 

nghUspd; cauj;jpw;Fk; ,ilNa cs;s tpfpjj;jpw;Fg; gf;fthl;L cUg;ngUf;fk; (m) 
my;yJ FWf;Fntl;L cUg;ngUf;fk; vd;W ngah;.  

  
'

'

II
m

OO
=  

xj;j Kf;Nfhzq;fs; ΔCOO’ kw;Wk; ΔCII’ ,y; ,Ue;J gpd;tUk; rkd;ghl;il mikf;fyhk;.  

  
'

'

II CI

OO CO
=  

tbtpaypy;  

  
CI PI PC

CO PC PO

−
=

+
 

vdNt>  

  
'

'

II PI PC
m

OO PC PO

−
= =

+
 

Nkw;fhZk; rkd;ghl;bw;F FwpaPl;L kuigg; gpd;gw;Wk;NghJ>  

  2 1' , ' ,II h OO h PI v= − = = +  

  ,PC R PO u= + = −  

,q;F h1 vd;gJ nghUspd; cauk; kw;Wk; h2 vd;gJ gpk;gj;jpd; caukhFk;.  

  2 2

1 1

;
( )

h v R h v R
m m

h R u h R u

− − − = = = = − + − − 
 

rkd;;ghl;bid khw;wpaikj;j gpd;dh;>  

  2

1

h R v
m

h R u

−
= =

−
  

,uz;L Clfq;fspdd; xsptpyfy; vz;fisg; gad;gLj;jpAk; gf;fthl;L 
cUg;ngUf;fj;jpw;fhd Nfhitiag; ngwyhk;.  
xw;iwf; Nfhsfg;gug;gpw;fhd rkd;ghl;ilf; fUJf.  

  2 1 2 1( )n n n n

v u R

−
− =  

,jid NkYk; RUf;Fk; NghJ> 2 1 2 1( )n u n v n n

vu R

− −
=  

 
rkd;ghl;bypUe;J R I ntspNa vLf;Fk;NghJ  

  2 1

2 1

( )n n vu
R

n u n v

−
=

−
 

khw;wpaikj;j gpd;G  
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   2

2 1

( )n u v u
R u

n u n v

−
− =

−
 

   2

2 1

( )n u v u
R u

n u n v

−
− =

−
 

gf;fthl;L cUg;ngUf;fj;jpw;fhd Nfhit fpilf;Fk;  

   2 1

1 2

h n v
m

h n u
= =  

 
nky;ypa nyd;];fs; (Thin Lens) 
 
,uz;L Nfhsfg;gug;Gfs; my;yJ xU Nfhsfg;gug;G xU rkjsg;gug;G ,tw;Wf;F eLNt xsp 
CLUTk; nghUs; epuk;gp ,Ue;jhy; mti nyd;];fshf cUngWfpd;wd. ,uz;L 
gug;GfSf;F ,ilNa cs;s njhiyT kpfTk; rpwpajhf ,Ue;jhy; mJ nky;ypa nyd;];fs; 
vdg;gLk;. nyd;];fSf;F ,uz;L Nfhsfg;gug;Gfs; cs;sjhy; ,uz;L tisT ikaq;fs; C1 

kw;Wk; C2 fhzg;gLk;. mjidj;njhlh;e;J ,uz;L tisT Muq;fSk; R1 kw;Wk; R2 

fhzg;gLk;. rkjsg;gug;gpd; tisT ikak; C <hpy;yhj; njhiytpy; fhzg;gLk;. NkYk; 

tisT Muk; R ,d; kjpg;Gk; <hpy;yhjjhFk;. (R = ∞) Ftpaj;J}uj;ijj; jtpu> Nfhsff; 
fz;zhbfSf;F ehk; gad;gLj;jpa midj;Jf; fiyr; nrhw;fSk; nky;ypa nyd;];fSf;Fk; 
nghUe;Jk;.  
 
Kjd;ik kw;Wk; ,uz;lhk; Ftpag;Gs;spfs;:  
 
,uz;L Nfhsfg;gug;Gfspdhy; nyd;];fs; cUthf;fg;gl;bUg;gjhy;> xU nyd;]; ,uz;L 
ntt;NtW Clfq;fisAk; gphpf;fyhk;. mjhtJ> nyd;]pd; tyg;gf;fk; Xh; ClfKk;> 
,lg;gf;fk; kw;Nwhh; ClfKk; fhzg;glyhk;. vdNt> ekf;F ,uz;L Ftpaj;J}uq;fs; 
fpilf;Fk;.  
 
Kjd;ikf; Ftpak; (f1): nyd;]pypUe;J ntsptUk; fjph;fs; Kjd;ik mr;Rf;F ,izahf 
tUtjw;F> nghUis nyd;]pd; kWGwk; vg;Gs;spapy; itf;fNtz;LNkh mg;Gs;spNa 
Kjd;ikf; FtpakhFk;. Ftpf;Fk; nyd;];fSf;F (Ftpnyd;];) mg;nghUs;> nka;g;nghUshFk;. 
tphpf;Fk; nyd;];fSf;F (Fopnyd;];) mg;nghUs;> khag;nghUshFk;. njhiyT PF1 Kjd;ik 

Ftpaj; njhiyT f1 vdg;gLk;.  
 
,uz;lhk; Ftpak; (F2) : gL ,izf;fjph;fs; nyd;]pdhy; xsptpyfy; mile;J Kjd;ik 

mr;rpy; vg;Gs;spapy; FtpfpwNjh> mg;Gs;spf;F ,uz;lhk; Ftpak; vd;W ngah;. njhiyT PF2 

tpw;F ,uz;lhk; Ftpaj;njhiyT f2 vd;W ngah;. Ftpf;Fk; nyd;];fshy; (Ftpnyd;];) 
,t;thW cUthFk; gpk;gk; nka;gpk;ghFk;. tphpf;Fk; nyd;];fshy; (Fopnyd;];) ,t;thW 
fpilf;Fk; gpk;gk; khakpk;gkhFk;.  
 
nky;ypa nyd;]pd; ,uz;L gf;fq;fspYk; cs;s Clfq;fs; xNu xsptpyfy; vz;izg; 
ngw;wpUe;jhy;> ,uz;L Ftpaj;J}uq;fSk; rkkhFk;. ,dptUk; gFjpfspy; ngUk;ghYk; 
,uz;lhk; Ftpaj;J}uj;ijNa ehk; ghlg;nghUspy; gad;gLj;jg;NghfpNwhk;. 
 
nyd;];fspd; Ftpaj;J}uj;jpw;fhd FwpaPl;L kuG:  
nky;ypa nyd;];fSf;fhd FwpaPl;L> kuG> Ftpaj;J}uj;jpw;F kl;Lk; khWgLk;  
 

1. nyd;]; KidapypUe;J (Pole of the lens) Ftpaj;J}uj;ij msf;Fk; jpiriag; 
nghUj;Jf; FtpaJ}uj;jpw;Ff; FwpaPL toq;ff;$lhJ. Vnddpy;> nyd;];fSf;F ,uz;L 
Ftpaj;J}uq;fs; cs;sd. xd;W ,lg;gf;fkhfTk; kw;nwhd;W tyg;gf;fkhfTk; cs;sJ. 
(nyd;]pd; xUgf;fk; Kjd;ik Ftpaj;J}uKk;> kWgf;fk; ,uz;lhk; Ftpaj;J}uKk; 
cs;sd)  
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2. Ftpf;Fk; nky;ypa nyd;];fSf;F (nky;ypa Ftpnyd;];) Ftpaj;J}uk; Neh;Fwp vdTk;> 
tphpf;Fk; nky;ypa nyd;];fSf;F (Fopnyd;];) Ftpaj;J}uk; vjph;Fwp vdTk; vLf;f 
Ntz;Lk;.  

 
kw;w kuGf; FwpaPLfshd nghUspd; njhiyT> gpk;gj;jpd; njhiyT> tisT Muk;> nghUspd; 
cauk; gpk;gj;jpd; cauk; Nghd;wtw;iw Nfhsf MbfSf;Fg; gad;gLj;jpaJ Nghd;Nw 
nky;ypa nyd;];fSf;Fk; gad;gLj;j Ntz;Lk;.  
 
nyd;]; cUthf;Fgthpd; rkd;ghL kw;Wk; nyd;]; rkd;ghL:  
xsptpyfy; vz; n2 nfhz;l nghUspdhy; nra;ag;gl;l nky;ypa Ftpnyd;]; xd;iwf; fUJf. 

,J xsptpyfy; vz; n1 nfhz;l Clfj;jpy; itf;fg;gl;Ls;sJ. R1 kw;Wk; R2 vd;git 

,uz;L Nfhsfg;gug;Gfs; KiwNa 1 kw;Wk; 2 ,d; tisT Muq;fs; vd;f. NkYk; P vd;gJ 
nyd;]; KidahFk;. Kjd;ik mr;rpy; cs;s O vd;w Gs;spg;nghUisf; fUJf. 

mg;nghUspypUe;J Gwg;gLk; xspf;fjph; Nfhsfg;gug;G (1) ,y; gl;L tpyfyile;J I’ vd;w 
gpk;gj;ijj; Njhw;Wtpf;f Ntz;Lk;. Mdhy; ,J eilngWtjw;F Kd;G xspf;fjph; 
Nfhsfg;gug;G tpyfy; mile;J tpLfpwJ. vdNt ,Wjp gpk;gk; I fpilf;fpwJ.  
 
Nfhsfg;gug;gpdhy; Vw;gLk; xsptpyfYf;fhd nghJthd rkd;ghL  

2 1 2 1

1

( )

'

n n n n

v u R

−
− =  

xsptpyF gug;G xspf;fjph; n1 ,ypUe;J n2 f;F nry;fpwJ.  

  2 1 2 1

1

( )

'

n n n n

v u R

−
− =     

xsptpyF gug;G xspf;fjph; n2 Clfj;jpy; ,Ue;J n1 Clfj;jpw;Fr; nry;fpwJ.  

  1 2 1 2

2

( )

'

n n n n

v v R

−
− =  

,uz;ilAk; $l;Lk;NghJ  

  1 1
2 1

1 2

1 1
( )

n n
n n

v u R R

 
− = − − 

 
 

NkYk; rkd;ghl;bidr; RUf;fp> khw;wp mikf;Fk; NghJ>  

   2 1

1 1 2

1 1 1 1n n

v u n R R

  −
− = −  

  
 

   2

1 1 2

1 1 1 1
1

n

v u n R R

  
− = − −  

  
 

nghUs; <hpy;yhj njhiytpy; ,Ue;jhy;> gpk;gk; nyd;]pd; Ftpaj;jpy; mikAk;. mjhtJ 
,u v f= =  vdpy; rkd;ghL gpd;tUkhW khw;wkilAk;.  

    2

1 1 2

1 1 1 1
1

n

f n R R

  
− = − −     

 

2

1 1 2

1 1 1
1

n

f n R R

  
= − −  
  

 

  
nyd;]pd; xsptpyfy; vz; n2 NkYk;> nyd;]; fhw;W Clfj;jpy; itf;fg;gl;Ls;sJ.  
 
mjhtJ n2 = n kw;Wk; n1 = 1. vdNt> rkd;ghL gpd;tUkhW khw;wkilAk;.  

  
1 2

1 1 1
( 1)n

f R R

 
= − − 

 
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Nkw;fz;l rkd;ghl;bw;F nyd;]; cUthf;Fgthpd; rkd;ghL vd;W ngah;. Vnddpy;> 
,r;rkd;ghl;bid mbg;gilahff; nfhz;L ehk; tpUk;Gk; Ftpaj;J}uj;jpw;F vt;tsT tisT 
Muk; nfhz;l Nfhsfg;gug;G Njit vd;gijAk;> ve;jf; Fwpg;gpl;l xsptpyfy; vz;nfhz;l 
nghUisg; gad;gLj;j Ntz;Lk; vd;gijAk; ,r;rkd;ghl;bypUe;J nyd;]; cUthf;Fgth; 
mwpe;Jnfhs;fpwhh;. ,r;rkd;ghL Fopnyd;];fSf;Fk; nghUe;Jk; rkd;ghLfs; ,uz;ilAk; 
xg;gpl;Lg; gpd;tUk; rkd;ghl;bid vOjyhk;.  

   
1 1 1

v u f
− =  

,r;rkd;ghl;bw;F nyd;]; rkd;ghL vd;W ngah;. ,J nghUspd; J}uk;> gpk;gj;jpd; J}uk; kw;Wk; 
Ftpaj;J}uk; %d;iwAk; njhlh;GgLj;JfpwJ. ,r;rkd;ghL Fopnyd;];fSf;Fk; nghUe;Jk;.  
 
nky;ypa nyd;]pd; gf;fthl;L cUg;ngUf;fk; (Lateral magnification in thin lens):  
 
h1 cauk; nfhz;l OO’ vd;w nghUs; Kjd;ik mr;Rf;Fr; nrq;fj;jhf itf;fg;gl;Ls;sJ 

vdf;fUJf. nyd;]; Kid topNa nry;Yk; OP fjph; vt;tpj tpyfYk; milahky; 
Neh;f;Nfhl;Lg;ghijapy; nry;fpwJ. Kjd;ik mr;Rf;F ,izahf tUk; fjph;> ,uz;lhtJ 
Ftpak; topahfr; nry;fpwJ. ,t;tpuz;L fjph;fSk; re;jpf;Fk; Gs;spapy; h2 cauKs;s 

jiyfPohd nka;gpk;gk; II’ fpilf;fpwJ.  
 
gpk;gj;jpd; cauj;jpw;Fk;> nghUspd; cauj;jpw;Fk; cs;s tpfpjk; gf;fthl;L my;yJ 
FWf;Fntl;L cUg;ngUf;fk; (m) vd tiuaWf;fg;gLfpwJ.  
 
xj;j Kf;Nfhzq;fs; ΔPOO’ kw;Wk; Δ PII’, apypUe;J  

   
'

'

II PI

OO PO
=  

FwpaPl;L kugpidg; gad;gLj;Jk; NghJ>  

   2

1

h v

h u

−
=
−

 

,jidr; rkd;ghL gpujpapl;lhy; cUg;ngUf;fk;>  

  2

1

h v
m

h u

−
= =

−
  

rkd;ghl;bid khw;wpaikj;j gpd;dh;>  

  2

1

h v
m

h u
= =  

cUg;ngUf;fk; nka;gpk;gq;fSf;F vjph; FwpahfTk;> kha gpk;gq;fSf;F Neh;FwpahfTk; 
,Uf;Fk;.  
 
Fopnyd;];fSf;F cUg;ngUf;fk; vg;NghJk; Neh;FwpahFk;> NkYk; xd;iw tpl FiwthFk;. 
nyd;]; rkd;ghl;bidAk;> cUg;ngUf;fr; rkd;ghl;bidAk; xd;wpizj;Jg; gpd;tUk; 
rkd;ghl;bidg; ngwyhk;.  

   2

1

h f
m

h f u
= =

+
 (my;yJ) 2

1

h f v
m

h f

−
= =  

 
nyd;]pd; jpwd; (Power of a lens):  
 
nyd;]pd; jpwd; vd;gJ> xspf;fjph;fis tisf;Fk; jpwidf; Fwpg;gjhFk;. mjhtJ 
nyd;]pd; kPJ tpOk; xspf;fjph;fis ve;j mstpw;F me;j nyd;]; tisf;fpwJ vd;gijNa 
nyd;]pd; jpwd; msf;fpwJ. nyd;]pd; jpwd; mjd; Ftpaj;J}uj;jpw;F vjph;j;jfT MFk;. 
mjhtJ mjpfj; jpwd;nfhz;l nyd;]; xspf;fjpiu mjpfk; tisf;Fk; jpwidAk;> Fiwe;j 
Ftpaj;J}uj;ijAk; ngw;wpUf;Fk;. 1. nyd;i] tpl 2. nyd;]pd; tisf;Fk; jpwd; mjpfk;. 3. 
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nyd;]pd; tisf;Fk; jpwd; mjpfk; vd;gjhy; mjd; Ftpaj;J}uk; FiwthFk;. ,JNghd;Nw 
(m) nyd;]pd; tisf;Fk; jpwd; FiwT vd;gjhy; mjd; Ftpaj;J}uk; mjpfkhFk;.  
 
NtWtifapy; $WNthkhapd; xU nyd;]pd; jpwd;> me;j nyd;]pd; kPJ tpOk; 
xspf;fjph;fis ve;j mstpw;Ff; Ftpar; nra;fpwJ. my;yJ tphptilaitf;fpwJ vd;gij 
msf;fpwJ vd;Wk; $wyhk;. xU nyd;]pd; Ftpaj;J}uj;jpd; jiyfPNo> me;j nyd;]pd; jpwd; 
vd tiuaWf;fg;gLfpwJ.  

   
1

P
f

=  

jpwdpd; myF ilahg;lh; (diopter) D MFk;. 1 D = 1 m-1 Ftpf;Fk; nyd;];fs; Neh;Fwp 
jpwidAk;> tphpf;Fk; nyd;];fs; vjph;Fwp jpwidAk; ngw;Ws;sd.  
    
jpwdpd; rkd;ghl;il gpd;tUkhW vOjyhk;. 

   
1 2

1 1 1
( 1)P n

f R R

 
= = − − 

 
 

,r;rkd;ghl;bypUe;J mjpf xsptpyfy; vz;nfhz;l nyd;]pd; jpwDk; mjpfk; 
vdg;Ghpe;Jnfhs;syhk;. ,Nj Nghd;W xsptpyfy; vz; Fiwthf cs;s nyd;];fspd; jpwDk; 
FiwthFk;. NkYk; Fiwe;j tisT Muk; nfhz;l (gUkdhd) nyd;];fs; mjpfj;jpwidAk;> 
mjpf tisT Muk; nfhz;l (nky;ypa) nyd;];fs; Fiwe;j jpwidAk; ngw;wpUf;Fk;  
 
xd;iw xd;W njhl;Lf; nfhz;Ls;s ,uz;L nyd;];fspd; $l;likg;gpd; Ftpaj;J}uk;:  
 
1> 2 vd;w ,uz;L nyd;];fisf; fUJf. mit xd;iw xd;W njhl;Lf; nfhz;Ls;sthW 
xNu mr;rpy; itf;fg;gl;Ls;sd. ,tw;wpd; Ftpaj;J}uq;fs; KiwNa f1 kw;Wk; f2 MFk;.  ,it 

,uz;Lk; xNu mr;rpy; itf;fg;gl;Ls;sjhy; mtw;wpd; Kjd;ik mr;Rf;fs; xd;Nw. O vd;w 
nghUs; xd;W Kjd;ik mr;rpy;> Kjy; nyd;]pd; Ftpaj;J}uj;jpw;F mg;ghy; 
itf;fg;gl;Ls;sJ. ,g;nghUspd; gpk;gk; I’ vd;w ,lj;jpy; Njhd;Wfpd;wJ. ,e;j gpk;gk; 

,uz;lhtJ nyd;];f;F nghUshfr; nray;gLfpd;wJ. ,e;j gpk;gk; I-apy; Vw;gLfpd;wJ. ,uz;L 
nyd;];fSk; nky;ypa nyd;];fs; MFk;. mstPLfs; midj;Jk; ,uz;L nyd;];fspd; 
nghJthd nyd;]; KidapypUe;J P mjhtJ ,uz;L nyd;];fspd; ikaj;jpypUe;J 
msf;fg;gLfpd;wd.  
  
nghUspd; njhiyT PO = u kw;Wk; Kjy; nyd;];f;fhd (1) gpk;gj;jpd; njhiyT P’2 = v’ 
,uz;lhtJ nyd;];f;fhd (2) gpk;gj;jpd; njhiyT PI = v. 
Kjy; nyd;];f;F (1) nyd;]; tpjpia vOJk; NghJ  

   
1

1 1 1

'v u f
− =  

,uz;ilAk; $l;Lk; NghJ>  

   
1 2

1 1 1 1

v u f f
− = +     

,e;j nyd;];fspd; $l;likg;G> f Ftpaj;J}uk; nfhz;l xw;iw nyd;]; Nghd;W 

nray;gLfpd;wJ. vdNt O Gs;spapy; cs;s nghUspd; gpk;gk; I apy; Vw;gLfpd;wJ vdf; 
fUjpdhy;>  

    
1 1 1

v u F
− =  

,uz;ilAk; xg;gpLk; NghJ>  

    
1 2

1 1 1

F f f
= +  

Nkw;fz;l rkd;ghl;il> vj;jid nyd;];fs; nfhz;l $l;likg;gpw;Fk; ehk; tphpTgLj;jp 
vOjyhk;.  
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1 2 3 4

1 1 1 1 1
.......

F f f f f
= + + + +  

,r;rkd;ghl;il nyd;];fspd; jpwd;fis mbg;gilahff; nfhz;L vOJk;NghJ>  
  P = P1 + P2 + P3 + P4 + …..  
,q;F> P vd;gJ nyd;]; $l;likg;Gfspd;> epfu jpwdhFk;. nyd;]; $l;likg;gpd; epfujpwd; 
vd;gJ> jdpj;jdp nyd;];;fspd; jpwd;fspd; Fwpapay; $LjYf;Fr; rkk; vd;gij ehk; 
Ghpe;Jnfhs;sNtz;Lk;. jdpj;jdp nyd;];fspd; jpwd; Neh;FwpahfTk; (Ftpnyd;];fSf;F) 
,Uf;fyhk; my;yJ vjph;FwpahfTk; (Fopnyd;];fSf;F) ,Uf;fyhk;. nyd;]; $l;likg;gpdhy; 
ekf;Fj; Njitahd cUg;ngUf;fj;ij ngwKbAk;. NkYk;> ,f;$l;likg;gpdhy; gpk;gj;jpd; 
Jy;ypaj;jd;ikia Nkk;gLj;jKbAk;. Kjy; nyd;]pdhy; cUthf;fg;gLk;> ,uz;lhtJ 
nyd;];f;Fg; nghUshfr; nray;gLk;. ,t;thNw> mLj;jLj;j nyd;];fSf;Fk; Nkw;fz;l nray; 
eilngWk;. vdNt nyd;]; $l;likg;gpd; nkhj;j cUg;ngUf;fj;jpwd; m> jdpj;jdp 
nyd;];fspd; cUg;ngUf;Fj; jpwd;fspd; ngUf;fy; gyDf;Fr; rkkhFk;. vdNt ,jid 

gpd;tUkhW vOjyhk; 1 2 3m m m m=    (ep&gzk; jtph;f;fg;gl;Ls;sJ) 

 
xd;iw xd;W njhlhj nyd;]; $l;likg;gpd; Ftpaj;J}uk;:  
 
,uz;L nky;ypa nyd;];fs; xU Fwpg;gpl;lnjhiytpy; gphpj;J itf;fg;gl;ls;sNghJ> 
mt;tikg;gpd; nghJthd xspapay; ikaj;ij mWjpapl;Lf; $wKbahJ. vdNt> ,tw;iw 
nky;ypa xw;iw nyd;]hff; fUjKbahJ. cz;ikapy; ,f;$l;likg;igg; gUkdhd 
nyd;rhfj;jhd; fUj Ntz;Lk;. Mdhy;> mjw;fhd tpsf;fk; kpfTk; rpf;fyhdJ 
,Ue;jNghjpYk;> rpwg;GNeh;thf <hpy;yh njhiytpy; nghUs; cs;s epiyapy;> 
,f;$l;likg;ig xU nky;ypa nyd;]; vdf; fUjyhk;. Ftpaj;J}uk; kw;Wk; $l;likg;gpw;F 
,izahd nyd;]pd; epiy Nghd;wtw;iwf; Nfhz tpyf;f fUj;ij mbg;gilahff; nfhz;L 
fhzyhk;.  
 
O vd;w Gs;spnghUisf; fUJf. ,J nyd;]pd; Kjd;ik mr;rpd; kPJ itf;fg;gl;Ls;sJ. 

OA vd;gJ gLfjph;. ,J nyd;]pd; xspapay; ikaj;jpypUe;J h cauj;jpy; cs;s A vd;w 
Gs;spapy; tpOfpwJ. ,f;fjph; δ Nfhzk; tpyfp Kjd;ik mr;rpy; I vd;w Gs;spapy; 
gpk;gj;ijj; Njhw;Wtpf;fpwJ.  
 
gLfjph; kw;Wk; tpyFfjph; ,uz;Lk; Kjd;ik mr;rpy; Vw;gLj;Jk; Nfhzq;fs; KiwNa 

AOP  = kw;Wk; AIP  =  MFk;.  

 
Kf;Nfhzk; OAI ,y;> tpyF Nfhzj;ijg;  gpd;tUkhW vOjyhk;.  

     = +  

PO kw;Wk; PI, ,tw;Wld; xg;gpLk; NghJ cauk; h rpwpajhFk;. ,jd; fhuzkhf> ,   

kw;Wk;   ,tw;wpd; Nfhzq;fSfSk; rpwpajhFk;. vdNt>  

  tan
PA

PO
  =  kw;Wk; tan

PA

PI
  =  

 vdNt> 
PA PA

PO PI
 = +  

 ,q;F> PA = h, PO = -u kw;Wk; PI = v  
 

   
1 1h h

h
u v u v

  = + = + − − 
 

rkd;ghl;bidr; rPuikj;j gpd;dh;  

   
1 1 h

h
v u f

  = − + 
 
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cauj;jpw;Fk;> Ftpaj;J}uj;jpw;Fk; cs;s tpfpjNk> tpyFNfhzk; vd;W Nkw;fz;l 
rkd;ghl;bypUe;J mwpe;Jnfhs;syhk;. jw;NghJ fhl;bAs;sthW> f1 kw;Wk; f2 
Ftpaj;J}uq;fisf; nfhz;l ,uz;L nyd;];fs;> nghJ mr;rpy; d njhiytpy; gphpj;J 
itf;fg;gl;Ls;s mikg;igf; fUJNthk;.  
 

,izf;fjpnuhd;W ,t;tikg;gpd; kPJgLk;NghJ> ,uz;L nyd;];fSk; KiwNa 1  kw;Wk; 2  

vd;w tpyfy;fis Vw;gLj;Jfpd;wd. ,tw;wpd; njhFgad; tpyfy;  

   1 2  = +  

  1 2
1 2

1 2

;
h h

f f
 = = kw;Wk; 1h

f
 =  

  gpd;tUkhW khw;wkilAk;>  

   1 1 2

1 2

h h h

f f f
= +  

tbtpay; tpjpfspypUe;J>  
  h2 – h1 = P2G – P2G = CG 
  h2 – h1 = BG tan δ1 ≈ BG1 

  
1

2 1

1

h
h h d

f
− =  

  1
2 1

1

h
h h d

f
= +    

Nkw;fz;l rkd;ghl;il> gpujpapLk; NghJ>  

   1 1 1 1

1 2 1 2

h h h h d

f f f f f
= + +  

NkYk; ,r;rkd;ghl;bidr; RUf;Fk; NghJ>  

   
1 2 1 2

1 1 1 d

f f f f f
= + +  

Nkw;fz;l rkd;ghL Ftpaj;J}uj;jpw;F ,izahd rkd;ghl;bidg; ngw gad;gLfpwJ. nyd;]; 
$l;likg;gpw;F ,izahd nyd;]pd; epiyapidf; fz;lwpa gpd;tUk; tbtpay; tpjpfisg; 
ga;gLj;Jk; NghJ  

   2
tan

GC
PP EG


= =  

   1 2 1 2
2

tan

h h h h
PP EG

 
− −

= = =  

1
2 1

1

h
h h d

f
− =  kw;Wk; 1h

f
 =  

 1
2

1 1

h f
PP d

f h

   
=    
   

 

2

1

f
PP d

f

 
=  
 

 

Nkw;fz;l ,uz;lhtJ nyd;]py; ,Ue;J nyd;]; $l;likg;gpw;F ,izahd> xw;iw 
nyd;]pd; epiyiaf; nfhLf;fpwJ.  
 
Kjy; nyd;]py; ,Ue;J> nyd;]; $l;likg;gpw;F ,izahd xw;iw nyd;]pd; epiy 
gpd;tUkhW 
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1

1

f
PP d d

f

 
= −  

 
 

   
1

1

1
f

PP d
f

 
= − 

 
 

 
,izahd gLfjph;fs; my;yJ <hpy;yhj; njhiytpy; nghUs; cs;sNghJ Nghd;w 
rpwg;G Neh;TfSf;F kl;LNk Nkw;fz;l rkd;ghLfs; Mfpait nghUe;Jk;. nghUs; xU 
Fwpg;gpl;lj;njhiytpy; cs;sNghJ ,r;rkd;ghLfisg; gad;gLj;j KbahJ. nghUs; 
Fwpg;gpl;l njhiytpy; ,Uf;Fk; epfo;Tfspy;> ,uz;L nyd;];fspd; (nyd;]; 
$l;likg;gpd;) nyd;]; rkd;ghl;ilg; gad;gLj;jpg; gpk;gj;jpd; epiyiaf; fzf;fpl 
Ntz;Lk;.  
 
 
Kg;gl;lfk; (Prism):  
 
jpz;kg;nghUshFk;. xd;Wf;nfhd;W ,izahf mikahj %d;W nrt;tf rkjsgug;Gfspdhy; 
(my;yJ) Kfq;fspdhy; Kg;gl;lfk; Mf;fg;gl;bUf;Fk;. ,k;%d;W Kfq;fspy; xU Kfk; 
nrhunrhug;ghf Mf;fg;gl;bUf;Fk;. ,jw;F Kg;gl;lfj;jpd; mbg;gug;G vd;W ngah;. kw;w ,uz;L 
Kfq;fs; gsgsg;ghf Mf;fg;gl;bUf;Fk; ,tw;wpw;F tpyF Kfq;fs; vd;W ngah;. ,uz;L 
tpyF Kfq;fSf;F ,ilg;gl;l Nfhzj;jpw;F Kg;gl;lfj;jpd; Nfhzk; my;yJ xsptpyF 
Nfhzk; (my;yJ) Kg;gl;lfj;jpd; cr;rpf;Nfhzk; vd;W ngah;.   
 
Kg;gl;lfk; Vw;gLj;Jk; jpirkhw;wf; Nfhzk;:  
Kg;gl;lfj;jpd; Kjy; Kfk; AB - ,y; tpOk; fjpUf;fhd gLNfhzk; kw;Wk; tpyF 

Nfhzq;fs; Nfhzq;fs; KiwNa i1 kw;Wk; r1 MFk;. Kg;gl;lfj;jpd; cs;Ns xspf;fjphpd; 

ghij QR MFk;. ,uz;lhtJ tpyFgug;G AC apd; gLNfhzk; kw;Wk; tpyFNfhzq;fs; 

KiwNa r2 kw;Wk; i2 MFk;. RS vd;gJ ,uz;lhtJ Kfj;jpypUe;J ntsptUk; fjpuhFk;. 

Nfhzk; i2 it ntspNaW Nfhzk; vd;Wk; miof;fyhk;.  
 
gLfjph; PQ tpd; jpirf;Fk; ntspNaWk; fjph; RS f;Fk; ,ilg;gl;l Nfhzj;jpw;F jpirkhw;wf; 

Nfhzk; (d) vd;W ngah;. gLk;Gs;sp kw;Wk; ntspNaWk; Gs;sp R ,tw;wpw;F tiuag;gLk; 
nrq;Fj;Jf; NfhLfs; KiwNa QN kw;Wk; RN MFk;. ,it N vd;w Gs;spapy; 

re;jpf;fpd;wd. gLfjph; kw;Wk; ntspNaWfjph; ,uz;Lk; M vd;w Gs;spapy; re;jpf;fpd;wd.  
 
AB gug;gpd; jpirkhw;wf; Nfhzk; d1 gpd;tUkhW  

  1 1 1RQM d i r = = −  

AC gug;gpd; jpirkhw;wf; Nfhzk; d2 gpd;tUkhW  

  2 2 2QRM d i r = = −  

Kg;gl;lfk; topNa nry;Yk; fjphpd; nkhj;j jpirkhw;wf; Nfhzk; d gpd;tUkhW  
   d = d1 + d2 
d1 kw;Wk; d2 kjpg;Gfis gpujpapLk; NghJ>  

  1 1 2 2( ) ( )d i r i r= − + −   

rkd;ghl;bid khw;wp mikj;jgpd;dh;>  
  d = (i1 – r1) + (i2 – r2) 
ehw;fuk; AQNR, ,y; ,uz;L Nfhzq;fs; (O kw;Wk; R cr;rpfs;) nrq;Nfhzq;fshFk;. 

vdNt> ehw;fuj;jpd; kw;w Nfhzq;fspd; $Ljy; 180˚ MFk;.  

 180A QNR + =   

Kf;Nfhzk; ΔQNR, ,y;  
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  1 2 180r r QNR+ + =   

xg;gpLk; NghJ>  
   r1 + r2 = A  
Kg;gl;lfj;jpd; jpirkhw;wf;Nfhzj;ijf; fhz> Nkw;fz;l rkd;ghl;ilr; gpujpapLk; NghJ>  
   d = i1 + i2 - A 
vdNt> Kg;gl;lfj;jpd; jpirkhw;wf; Nfhzk; gLNfhzk;> ntspNaW Nfhzk; kw;Wk; 
Kg;gl;lff;Nfhzk; Mfpatw;iwr; rhh;e;Js;sJ. xU Fwpg;gpl;l gLNfhz kjpg;gpw;F> ntspNaW 
Nfhzj;ij Kg;gl;lfg;nghUspd; xsptpyfy; vz; jPh;khdpf;fpwJ. vdNt> Kg;gl;lfj;jpd; 
jpirkhw;wf;Nfhzk; gpd;tUk; fhuzpfisr; rhh;e;Js;sJ.  
 

1. gLNfhzk;  
2. Kg;gl;lff; Nfhzk;  
3. Kg;gl;lfk; nra;ag; gad;gLj;jg;gl;l nghUs;  
4. xspapd; miyePsk;  

 
rpWk jpirkhw;wf; Nfhzk;:  
gLNfhzk; kw;Wk; jpirkhw;wf;Nfhzk; gLNfhzk; mjpfhpf;f mjpfhpf;f jpirkhw;wf; Nfhzk; 
Fiwe;J nfhz;Nl nrd;W xU Fwpg;gpl;l gLNfhz kjpg;gpw;F rpWkepiyia milfpwJ. 
gLNfhzkjpg;gpid NkYk; mjpfhpf;Fk; NghJ> jpirkhw;wf;Nfhzk; mjpfhpf;fj; njhlq;FfpwJ.  
 
jpirkhw;wf;Nfhzj;jpd; rpWk kjpg;gpw;F> rpWkj;jpir khw;wf; Nfhzk; (D) vd;W ngah;. rpWk 
jpirkhw;wf; Nfhzj;jpy;  
 

1. gLNfhzKk;> ntspNaW NfhzKk; rkk;. 1 2( )i i=  

 

2. Kjy; Kfj;jpd; tpyF NfhzKk;> ,uz;lhtJ Kfj;jpd; gLNfhzKk; rkk;> 1 2( )r r=  

 
3. Kg;gl;lfj;ijg; nghUj;Jg; gLfjph; kw;Wk; nspNaW fjph; ,uz;Lk; rkr;rPuhdit.  

 
4. Kg;gl;lfj;jpw;F cs;Ns tpyFfjph; Kg;gl;lfj;jpd; mbg;gug;Gf;F ,izahfr; nry;Yk;.  

 
rpWk jpirkhw;wf; Nfhzepiy fhl;lg;gl;Ls;sJ.  
 
Kg;gl;lfg; nghUspd; xsptpyfy; vz;  
 

rpWk jpirkhw;w epiyapy; 1 2i i i= =  kw;Wk; 1 2r r r= =  

  1 2 2D i i A i A= + − = −  my;yJ 
( )

2

A D
i

+
=  

,e;epiyapy; rkd;ghL gpd;tUkhW khw;wilAk;>  
 

  1 2 2r r A r A+ =  =  my;yJ r = 
2

A
 

NkYk;> rkd;ghL gpd;tUkhW khw;wkilAk;>  
 
(i) kw;Wk; (r) kjpg;Gfis ];ndy; tpjpapy; gpujpapLk; NghJ  

   
sin

sin

i
n

r
=  

   

sin
2

sin
2

A D

n
A

+ 
 
 =
 
 
 
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Nkw;fz;l rkd;ghl;bidf; nfhz;L Kg;gl;lfg;nghUspd; xsptpyfy; vz;izf; fzf;fplyhk;. 
Nfhzq;fs; A kw;Wk; D Mfpatw;wpd; kjpg;Gfisr; Nrhjidapd; %yk; fz;lwpayhk;.  
 
Kg;gl;lfj;jpd; topahfr; nry;Yk; nts;is xspapd; epwg;gphpif:  
 
Kg;gl;lfj;jpd; topNa nry;Yk; xw;iw epw xspapd; jpirkhw;wf; Nfhzj;ijg; gw;wp ,Jtiu 
gapd;Nwhk;. nts;is xsp Kg;gl;lfj;jpd; topahfr; nry;Yk; NghJ vt;thW epwg;gphpif 
Vw;gLfpd;wJ vd;gijg;gw;wpj; jw;NghJ gbf;f cs;Nshk;. nts;is xspapy; cs;s 
tz;zq;fs; jdpj;jdpahfg; gphpAk; epfo;Tf;F epwg;gphpif vd;W ngah;. ,t;tz;zq;fspd; 
njhFg;Gf;F epwkhiy vd;W ngah;. Kg;gl;lfj;jpd; xU Kfj;jpy; gl;L tpyfyile;j FWfpa 
nts;is ,iz xspf;fw;iwfis nts;isj;jpiuapy; ghh;f;Fk; NghJ> VIBGYOR vd;w 
thpirapy; tz;zq;fspd; njhFg;G fpilf;Fk;. mjhtJ Cjh> fUePyk;> ePyk;> gr;ir> kQ;rs;> 
MuQ;R> kw;Wk; rptg;G (Violet, Indigo, Blue, Green, Yellow, Orange, Red) vd;w thpirapy; 
tz;zq;fs; fpilf;Fk;.  
 
Cjh tz;zk; mjpf jpirkhw;wj;ijAk;> rptg;Gtz;zk; Fiwe;j jpirkhw;wj;ijAk; 
milAk;.  
 
epwkhiyapy; fpilf;Fk; tz;zq;fs; xsp%yj;jpd; jd;ikiag; nghUj;jjhFk;. xt;nthU 
tz;zKk; tiuaWf;fg;gl;l miyePsj;ijg; ngw;wpUf;Fk;. rptg;G xsp ePz;l miyePs 
vy;iyiaAk; (700 nm) Cjh xsp FWfpa miyePs vy;iyiaAk; (400 nm) ngw;Ws;sd. 
,jd;fhuzkhff; fz;zhb Kg;gl;lfj;jpd; topNa nry;Yk; Cj xspf;fw;iwapd; jpirNtfk;. 
rptg;G xwpf;fw;iwapd; jpirNtfj;ijtplf; Fiwthf ,Uf;Fk;.  
 
ntt;NtW miy ePsq;fs; nfhz;l xsp> Kg;gl;lfj;jpd; topNa ntt;NtW jpir Ntfq;fspy; 
nry;tjhy; epwg;gphpif Vw;gLfpd;wJ. NtWtifapy; $WNthkhapd; Kg;gl;lfg;nghUspd; 
xsptpyfy; vz; ntt;NtW tz;zq;fSf;F ntt;Ntwhd kjpg;Gfisg; ngw;wpUf;Fk;. Cjh 
tz;zk; mjpf xsptpyfy; vz;izAk;> rptg;G tz;zk; Fiwe;j xsptpyfy; vz;izAk; 
ngw;wpUf;Fk;. ntw;wplj;jpd; topNa vy;yh tz;z xspf;fjph;fSk; rk Ntfj;jpy; nry;Yk;. 
,uz;L ntt;NtW fz;zhbg; nghUs;fSf;fhd xsptpyfy; vz;fs; ntt;NtW 
tz;zq;fSf;F nfhLf;fg;gl;Ls;sd.  
 
ntw;wplj;jpy; nry;Yk; xspapd; Ntfk;> miyePsj;ijr; rhh;e;jjy;y. vdNt ntw;wplk; vd;gJ 
epwg;gphpifia Vw;gLj;jhj Xh; ClfkhFk;. ntw;wplj;jpd; topNa midj;J tz;zq;fSk; 
xNu Ntfj;jpy; nry;fpd;wd.  
 
ntt;NtW miyePsq;fSf;fhd xsptpyfy; vz;fs;; 
 

tz;zk; miy  ePsk;  fpnusd; fz;zhb /gpspd;l; fz;zhb 

Cjh 396.9 1.533 1.663 
ePyk; 486.1 1.523 1.639 
kQ;rs; 589.3 1.517 1.627 
rptg;G 656.3 1.515 1.622 
 
epwg;gphpif jpwd; (my;yJ)  
gphpjpwd;:  
nts;is xspf;fw;iw xd;iwf; fUJf. ,t;nthspf;fw;iw Kg;gl;lfj;jpd; topahfr; 

nry;Yk;NghJ> nts;is xspapYs;s tz;zq;fs; epwg;gphpif milAk;. ,
v R
   vd;git> 

KiwNa Cjh kw;Wk; rptg;G miyePsq;fSf;fhd jpirkhw;wf; Nfhzq;fs; vd;f.  
 
Kg;gl;lfg; nghUspd; xsptpyfy; vz;zpw;fhd rkd;ghL nfhLf;fg;gl;lJ.  
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sin
2

sin
2

A D

n
A

+ 
 
 =
 
 
 

 

,q;F A vd;gJ Kg;gl;lff;Nfhzk; kw;Wk; D vd;gJ rpWk jpirkhw;wf; NfhzkhFk;. 

Kg;gl;lff;Nfhzk; 10˚ vd;w rpwpa mstpy; cs;s Kg;gl;lfq;fSf;F rpWNfhz 
Kg;gl;lfq;fs; vd;W ngah;. ,t;tifahd Kg;gl;lfq;fspd; topNa xspf;fjph; nry;Yk;NghJ 
Vw;gLk; jpirkhw;wf; NfhzKk; rpwpajhFk;. A vd;gij Kg;gl;lff; NfhzkhfTk;> δ vd;gij 
jpirkhw;wf; NfhzkhfTk; nfhz;lhy;> Kg;gl;lfr;rkd;ghL gpd;tUk; tbitg; ngWk;.  
 
Kg;gl;lfr; rkd;ghL gpd;tUk; tbitg;ngWk;  

   
2

sin
2

A

n
A

+ 
 
 =

 
 
 

 

   

 A kw;Wk; rpwpa m
 Nfhzq;fs;. vdNt>    

   sin
2 2

A A + +      
   

 

   sin
2 2

A A      
   

 

   
2

1

2

A

A
n

A A A


 

+ 
  +  = = = +
 
 
 

 

NkYk; RUf;Fk; NghJ 1n
A


= −  

  ( 1)n A = −  
nts;is xsp Kg;gl;lfj;jpDs; EioAk; NghJ> ntt;NtW tz;zq;fSf;fhd jpirkhw;wKk; 
ntt;Ntwhf ,Uf;Fk;. vdNt> ntt;NtW tz;zq;fSf;fhd xsptpyfy; vz;Zk; 
ntt;NtwhditahFk;.  

 Cjh tz;zj;jpw;F> ( 1)
v r

n A = −  

 rptg;G tz;zj;jpw;F> ( 1)
R R

n A = −  

Cjh tz;zj;jpd; jpirkhw;wf; Nfhzk; V
  rptg;G tz;zj;jpd; jpirkhw;wf; Nfhzj;ijtpl 

R
  mjpfkhf cs;sjhy;> Cjh tz;zj;jpd; xsptpyfy; vz; (nv), rptg;G tz;zj;jpd; 

xsptpyfy; vz;iztpl (nR) mjpfkhf ,Uf;Fk;.  
 
Cjh tz;zj;jpd; jpirkhw;wf;Nfhzk; rptg;G tz;zj;jpd; jpirkhw;wf; Nfhzj;ijtpl 
mjpfkhf cs;sjhy;> Cjh tz;zj;jpd; xsptpyfy; vz; rptg;G tz;zj;jpd; xsptpyfy; 
vz;iztpl mjpfkhf ,Uf;Fk;.  

 v
 apypUe;J R

 I fopf;Fk; NghJ> gpd;tUk; rkd;ghL fpilf;Fk;.  

   ( )
V R V R

n n A − = −  

Nkw;fz;l rkd;ghl;by; cs;s ( )
v R
 −  gjk;> epwkhiyapy; cs;s ,uz;L vy;iy 

tz;zq;fSf;F ,ilNaahd (Cjh kw;Wk; rptg;G) Nfhzg;gphpifiaf; nfhLf;fpwJ. 
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,f;Nfhzg;gphpiff;Ff; Nfhz epwg;gphpif vd;W ngah;. Kg;gl;lfj;jpd; Nfhz epwg;gphpif 
gpd;tUtdtw;iwr; rhh;e;Js;sJ.  

1. Kg;gl;lff; Nfhzk; kw;Wk;  
2. Kg;gl;lfk; nra;ag;gl;l nghUspd; jd;ik  

ruhrhp fjph; xd;wpd; jpir khw;wf; Nfhzj;ij   vd;Wk;> ,jw;fhd xsptpyfy; vz;iz n 
vdTk; nfhz;lhy;>  
   ( 1)n A = −     

epwq;fisg; gphpf;Fk; Kg;gl;lfg; nghUspd; jpwikf;F Kg;gl;lfj;jpd; epwg;gphpifjpwd; (ω) 
vd;W ngah;. ,uz;L vy;iy tz;zq;fSf;fhd Nfhz epwg;gphpiff;Fk; ruhrhp tz;zk; 
xd;wpd; jpirkhw;wf;Nfhzj;jpw;Fk; cs;s jfT epwg;gphpifjpwd; my;yJ gphpjpwd; vd 
tiuaWf;fg;gLfpwJ.  
  Kg;gl;lfj;jpd; epwg;gphpifjpwd; (ω), 

   v R
 

−

= =
Nfhz epwg; gphpif

ruhrhp jpirkhw; wf; Nfhzk;
 

( )
v R
 −  kw;Wk; ( ) , tpd; kjpg;Gfisg; gpujpapLk; NghJ  

    
( )

( 1)

v R
n n

n
 −
=

−
   

epwg;gphpifjpwd;> ghpkhzkw;w Xh; vz;zhFk;. ,jw;F myF ,y;iy. ,J vg;NghJk; Neh;Fwp 
kjpg;igNa ngw;wpUf;Fk;. gphpjpwd; Kg;gl;lfg; nghUspd; jd;ikia kl;Lk; rhh;e;jpUf;Fk;. 
Kg;gl;lff; Nfhzj;ijg; nghUj;jy;y.  
 
#hpa xspr; rpjwy;:  
Gtpapd; tspkz;lyj;jpy; cs;s tspkz;lyj;Jfs;fs;> Gtpapd; tspkz;lyj;jpw;Fs; EioAk; 
#hpa xspapd; jpiria khw;Wk;. ,e;epfo;r;rpf;F xspr;rpjwy; vd;W ngah;. xspapd; 
miyePsj;ij (λ) tpl> kpfTk; Fiwthd msTila (a) mZf;fs; kw;Wk; %yf;$Wfspdhy; 

Vw;gLk; xspr;rpjwYf;F> ,uhNy xspr;rpjwy; (Rayleigh’s Scattering) vd;W ngah;. mjhtJ> 

,uhNy xspr;rpjwy; Vw;gl epge;jid ( )a   MFk;.  

 
,uhNy xspr;rpjwypd; nrwpT> miyePsj;jpd; ehd;Fkb kjpg;Gf;F vjph;tpfpjj;jpy; ,Uf;Fk;.  

   
4

I
I


  

gfy;Neuj;jpy;> Fiwe;j miyePsKila ePytz;zk; tspkz;lyj; Jfs;fspdhy;> 
tspkz;lyk; KOtJk;l rpjwbf;fg;gLfpd;wJ.  
 

epwg;gphpiff;fhd rpwe;j Xh; vLj;Jf;fhl;L ‘thdtpy;yhFk;’ kiof;fhyq;fspy; 
ePh;j;Jspfspdhy; #hpaxsp miltjhy; thdtpy; Vw;gLfpwJ. kionghopAk; nghONjh 
my;yJ epd;wgpd;Ndh my;yJ gpd;Gwkhfr; #hpad; cs;s epiyapy; ePUw;W xd;iwg; 
ghh;f;Fk; nghONjh> thdtpy;iy ehk; ghh;f;f KbAk;. fhw;wpy; kpje;J nfhz;bUf;Fk; 
ePh;j;Jspfspd; kPJ tpOk; #hpa xsp> epwg;gphpif mile;J mjd; VO tz;zq;fshfg; 
gphpif milAk;. vdNt fhw;wpy; kpje;Jnfhz;bUf;Fk; ePh;j;Jspfs;> fz;zhb 
Kg;gl;lfk; Nghd;W nray;gLfpd;wd. ePh;j;JspapDs; Eioe;j xspf;fjph; mjpypUe;J 
ntspNaWtjw;F Kd;G> xU KO mf vjpnuhspg;G miltjhy; Kjd;ik thdtpy; 
cUthFk;.  
 
Kjd;ik thdtpy;ypy; CjhtpypUe;J rptg;Gtiu cs;s tz;zq;fisg; 
ghh;g;gjw;fhd ghh;itf; Nfhzk; 40˚ Kjy; 42˚ tiuapUf;Fk;. Kjd;ik thdptpy;ypd; 
ntspg;Gwkhfj; Jiz thdtpy; Njhd;Wfpd;wJ. ePh;j;JspapDs; Eioe;j #hpaxsp 
mjpypUe;J ntspNaWtjw;F Kd;dh;> ,uz;L KO mf vjpnuhspg;Gfis miltjhy; 
‘Jizthdtpy;’ Njhd;Wk;. rptg;G tz;zj;jpypUe;J Cjh tz;zk; tiu 
ghh;g;gjw;fhd ghh;itf;Nfhzk;> 52˚ Kjy; 54˚ tiuapypUf;Fk;.  
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NkYk;> ekJ fz;fspd; czh;T El;gk; Cjh tz;zj;ijtpl> ePytz;zj;jpw;F mjpfk;. 
,j;jifa fhuzq;fspdhy;jhd; thdk; ePyepwkhff; fhl;rpaspf;fpwJ. #hpa cjak; kw;Wk; 
kiwAk; Neuq;fspy; #hpa xsp tspkz;lyk; topahf kpf ePz;l njhiyT 
nry;yNtz;bAs;sJ. vdNt> Fiwe;j miyePsk; nfhz;l ePy xsp rpjwyile;JtpLk;. 
Mdhy; mjpf miyePsk; nfhz;l rptg;G xsp Fiwthfr; rpjwyile;J ekJ fz;fis 
milAk;. ,jd; fhuzkhfj;jhd; #hpad; cjpf;Fk; NghJk;> kiwAk; NghJk; thdk; rptg;G 
epwkhff; fhl;rp mspf;fpd;wJ.  
 
tspkz;lyj;jpYs;s J}R> kw;Wk; ePh;j;Jfspd; msT ( ),a  xspapd; miyePsj;ij tpl ( )  

kpf mjpfkhf cs;sNghJ> mjhtJ ( )a  , ,j;jifa nghpa Jfs;fspdhy; xsp 

rpjwyilAk;NghJ> rpjwyile;j xspapd; nrwpT midj;J miyePsq;fSf;Fk; rkkhf 
,Uf;Fk;. kpf mjpf msT J}R kw;Wk; ePh;j;Jspfisg; ngw;Ws;s Nkfq;fspy; ,j;jifa 
xspr;rpjwy; vw;gLk;. vdNt> Nkfq;fspy; miyePsj;ijg; nghUj;J> xspr;rpwjy; Vw;glhky; 
midj;J tz;zq;fSk; rk mstpy; rpjwyilfpd;wd. ,jd; fhuzkhfj;jhd; Nkfk; 
ntz;ikepwkhff; fhl;rpaspf;fpwJ.  
 
midj;J tz;zq;fSk; rkmstpy; rpjwyilfpd;wd. ,jd; fhuzkhfj;jhd; Nkfk; 
ntz;ik epwkhff; fhl;rpaspf;fpwJ. Mdhy;> kioNkfq;fs; fUikahf ,Ug;gjw;Ff; 
fhuzk;> mjpYs;s ePh;j;Jspfs; xd;wpize;J kio Nkfj;jpid xspGfhg;nghUshf 
khw;wptpLtNjahFk;.  
 
xspNtis> Gtpiar; Rw;wp tspkz;lyk; ,y;yhjpUe;jhy;> xspr;rpjwYk; eilngwhJ> thdKk; 
fUikahfj; njhpAk;. tspkz;lyj;jpw;F NkypUe;J thdj;ijg; ghh;fFk; tpz;ntsp 
tPuh;fSf;F thdk; fUikahfj; njhptjw;F ,JNt fhuzkhFk;. 
 
xspGfhg; nghUshf khw;wp tpLtNjahFk;.  
 
xUNtis> Gtpiar; Rw;wp tspkz;lyk; ,y;yhjpUe;jhy;> xspr;rpjwYk; eilngwhJ. thdKk; 
fUikahfj; njhpAk;. tspkz;lyj;jpw;F NkypUe;J thdj;ijg; ghh;f;Fk; tpz;ntsp 
tPuh;fSf;F thdk; fUikahfj; njhptjw;F ,JNt fhuzkhFk;.  
 
xspiag; gw;wpa nfhs;iffs; (Theories of light):  
 
xsp vd;gJ xUtifahd Mw;wyhFk;. ,t;thw;wy; Xhplj;jpypUe;J> kw;Nwhh; ,lj;jpw;Fg; 
guTfpwJ. mwptpay; mwpQh;fshy; Kd;itf;fg;gl;l xspiag; gw;wpa gy;NtW nfhs;iffs; 
xspapd; jd;ikiag; gw;wp kl;Lk; $whky; xspguTk; Kiw kw;Wk; xspapdhy; Vw;gLk; 
epfo;Tfisg; gw;wpAk; tpsf;Ffpd;wd.  
 
Ez;Jfs; nfhs;if (Corpuscular theory):  
 
xspiag;gw;wpa Ez;Jfs; nfhs;ifia rh; Irf; epA+l;ld; (1672) nfhLj;jhh;. ,jw;F Kd;Ng> 
nl];fhh;l]; (xsp vjpnuhspg;G kw;Wk; xsptpyfiy tpsf;Ftjw;Ffhf ,f;nfhs;if 
gphpe;Jiuf;fg;gl;lJ. ,f;nfhs;ifapd;gb xsp kpfr;rpwpa> epiwaw;w (Gwf;fzpj;jf;f rpwpa 
epiw) kw;Wk; KO kPl;rpAWk; Jfs;fshf ckpog;gLfpd;wJ. ,tw;Wf;F Ez;Jfs;fs; 
(Corpuscles) vd;W ngah;.  
 
Ez;Jfs;fs; kpfr; rpwpait. vdNt> xsp%yk; ePz;l fhyj;jpw;F xspia ckpo;e;jhYk;> 
mjd; epiwapy; Fwpg;gplj;jf;f khw;wk; VJk; Vw;glhJ. Ez;Jfs;fs; kpf Ntfkhfr; 
nry;tjhy;> mit GtpA+h;g;G tpirapdhy; vt;tpjghjpg;igAk; milahJ. NkYk;> xNu 
xsptpyfy; vz; nfhz;l rPuhd Clfj;jpy; Ez;Jfs;fspd; ghij xU Neh;NfhlhFk;. ,e;j 
Ez;Jfs;fspd; ,af;f Mw;wNy xspapd; Mw;wyhFk;. ,e;j Ez;Jfs;fs; tpopj;jpiuapd; kPJ 
NkhJtjhy; ghh;it Vw;gLfpd;wJ. ntt;NtW msTfs; nfhz;l Ez;Jfs;fs; ntt;NtW 
tz;zq;fisj; Njhw;Wtpf;fpd;wd. Ez;Jfs;fs; ,uz;L Clfq;fisg; gphpf;Fk; jsj;jpid 
milAk; NghJ> mit <h;;f;fg;glyhk; my;yJ tpsf;fg;glyhk;. Clfj;jpdhy; Ez;Jfs;fs; 
tpyf;fg;gl;lhy; xsp vjpnuhspg;Gk;> <h;f;fg;gl;lhy; xsptpyfYk; Vw;gLfpwJ.  
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xspahdJ mlh;FiwClfj;jpy; NtfkhfTk;> mlh;kpF Clfj;jpy; nkJthfTk; nry;tjw;fhd 
fhuzj;ij ,f;nfhs;ifahy; tpsf;fKbtpy;iy. NkYk;> FWf;fPl;L tpisT> tpspk;G tpisT 
kw;Wk; jstpisT Nghd;w epfo;TfisAk; ,f;nfhs;ifahy; tpsf;f Kbatpy;iy.  
 
miyf; nfhs;if (Wave Theory):  
 
Clfj;jpd; topahf xsp guTtij tpsf;Ftjw;fhff; fphp];bad; i`nfd;]; (1678) 
(Christian Huygens) miyf;nfhs;ifiag; Kd;nkhope;jhh;. ,thpd; nfhs;ifapd;gb> xsp 
vd;gJ xsp %yj;jpdhy; Vw;gLk; xU khWghlhFk;. ,k;khWghL ntsp KOtJk; epuk;gpAs;s 
Xh; Clfj;jpd; topNa ,ae;jpu miyahd nel;liy tbtpy; guTfpwJ vdTk;> ,ae;jpu 
miy gutjw;F Clfk; mtrpak;. vdNt> <jh; (ether) vd;w Clfk; ntsp KOtJk; 
gutpAs;sJ vdTk; A+fpj;Jnfhz;lhh;. xsp vjpnuhspg;G> xsptpyfy;> FWf;fPl;L tpisT 
kw;Wk; tpspk;G tpisT Nghd;w xspapd; tpisTfis miyf;nfhs;if ed;F tpsf;fpaJ. 
Mdhy;> ntspKOtJk; gutpAs;s <jh; Clfj;ijg; gw;wpa ,th; nfhs;if jtW vd;W 
ep&gpf;fg;gl;lJ. vdNt> ntw;wplj;jpd; topNa xsp vt;thW guTfpd;wJ vd;gijAk; 
,f;nfhs;ifapdhy; tpsf;f Kbatpy;iy. NkYk;> xspapd; jstpisitAk; 
,f;nfhs;ifapdhy; tpsf;f Kbatpy;iy. Vnddpy;> jstpisT vd;gJ FWf;fiyfspd; 
gz;ghFk;.  
 
kpd;fhe;j miyf;nfhs;if (Electro magnetic Wave Theroy) 
 
xsp> FWf;fiy tbtpy; guTk; kpd;fhe;j Mw;wiy Rke;Jnry;Yk; kpd;fhe;j miy vd;W 
Nkf;];nty; (1864) ep&gpj;jhh;. NkYk;> kpd;fhe;j miy guTtjw;F vt;tpj ClfKk; 
Njitapy;iy vd;Wk; ,tuhy; ep&gpj;Jf;fhl;l Kbe;jJ. xspapd; midj;J epfo;TfisAk; 
,f;nfhs;if ntw;wpfukhf ep&gpj;jJ.  
 
,Ug;gpDk; ,f;nfhs;ifapdhy; xsp kw;Wk; gUg;nghUSf;F ,ilNa Vw;gLk; ,iltpidia 
mjhtJ> xspkpd; tpisT (Photoe Electric effect) Nghd;w epfo;TfisAk; fhk;ld; tpisT 
(Compton effect) Nghd;wtw;iwAk; tpsf;f Kbatpy;iy.  
 
Fthz;lk; nfhs;if :  
 
My;gh;l; Id;];Bd; (1905)> Nkf;]; gpshq; (1900)-fpd; fUj;Jfis cWjpg;gLj;Jk; tpjkhf> 
xspkpd; tpisit tpsf;fpdhh;. xspkpd; tpistpd;gb> xspahdJ /Nghl;lhd; tbtpy; 
gUg;nghUspd; kPJ Nkhjp> gUg;nghUspypUe;J vyf;l;uhd;fis ckpor; nra;fpwJ. /Nghl;lhd; 
vd;gJ jdpj;jdp Mw;wy; rpg;gq;fshFk;. xt;nthU /Nghl;lhDk; ngw;Ws;s Mw;wy; E MFk;. 
mjhtJ>  
    E = hv 
,q;F> h vd;gJ gpshq; khwpypahFk;. ( h = 6.625 х 10-34 J s) kw;Wk; v vd;gJ kpd;fhe;j 
miyapd; mjph;ntz;izf; Fwpf;fpwJ.  
 
miyg;gz;G kw;Wk; Jfs; gz;G ,uz;L gz;GfisAk; xUq;Nf ngw;Ws;s xspapd; 
,g;gz;gpw;F> ,ul;ilg;gz;G vd;W ngah;. xsp guTk; NghJ miyahfTk;> gUg;nghUSld; 
,iltpid GhpAk;NghJ JfshfTk; nray;gLfpd;wJ vd;W jw;NghJ fUjg;gLfpwJ.  
 
xspapd; miyg;gz;G (Wave nature of Light):  
 
xsp FWf;fiy tbtpy; cs;s kpd;fhe;j miyahFk;. FWf;fPl;L tpisT kw;Wk; tpspk;G 
tpisT njhlh;ghd Nrhjidfspy; ,Ue;J xspapd; miyg;gz;G ep&gpf;fg;gl;lJ. midj;J 
kpd;fhe;j miyfisg; Nghd;Nw xspAk; ntw;wplj;jpd; topNa guTk;. xspapd; 
FWf;fiyg;gz;ig tpsf;Fk; epfo;T jstpisthFk;.  
 
miy xspapay; (Wave optics):  
xspapd; miyg;gz;igg; gw;wp miy xspapay; ekf;F tpsf;FfpwJ. FWf;fPl;L tpisT> 
tpspk;G tpisT kw;Wk; jstpisT Nghd;w xspapd; epfo;Tfis miy xspapaypd; 
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mbg;gilapy; ehk; tphpthfg; gbf;fyhk;. xsp> vjpnuhspg;G kw;Wk; xsp tpyfy; epfo;tpidAk; 
miy xspapaypd; mbg;gilapy;jhd; tpsf;fKbAk;. xsp miytbtpy; gutpdhYk; xspguTk; 
jpir xspf;fjpiuf; nfhz;Ljhd; Fwpg;gplg;gLfpwJ.  
 
miy xspapay; (Wave optics) 
 
xspapd; miyg;gz;igg; gw;wp miy xspapay; ekf;F tpsf;FfpwJ. FWf;fPl;L tpisT> 
tpspk;G tpisT kw;Wk; jstpisT Nghd;w xspapd; epfo;Tfis miy xspapaypd; 
mbg;gilapy; ehk; tphpthfg; gbf;fyhk;. xsp> vjpnuhspg;G kw;Wk; xsp tpyfy; epfo;tpidAk; 
miy xspapaypd; mbg;gilapy;jhd; tpsf;f KbAk;. xsp miytbtpy; gutpdhYk; 
xspguTk; jpir xspf;fjpiuf; nfhz;Ljhd; Fwpg;gplg;gLfpwJ.  
 
Xa;Tepiyapy; cs;s jz;zPh;g;gug;gpd; kPJ fy; xd;wpidg; NghLk;NghJ> mf;fy; tpOe;j 
Gs;spiar; Rw;wp tl;ltbt rpw;wiyfs; guTk;. ,e;epfo;r;rp miyguTtjw;F rpwe;j Xh; 
cjhuzkhFk;. rpw;wiy xU Fwpg;gpl;l gFjpiaf; fle;J nry;Yk; NghJ> mg;gFjpapy; cs;s 
ePh; %yf;$Wfs; my;yJ Jfs;fs; NkYk; fPOkhf ,aq;Fk; (my;yJ) miyTWk;. xU 
ikag;Gs;spapypUe;J rknjhiytpy; cs;s rpw;wiyapd; midj;Jj; Jfs;fSk; xNu 
fl;lj;jpy; mjph;tilAk; miyKfg;igg; nfhz;bUf;Fk; xNu epiyapy; my;yJ xNu 
fl;lj;jpy; mjph;tilAk; Gs;spfis ,izf;Fk; Kd;Gw ciwf;F miyKfg;G vd;W ngah;. 
miyguty; vd;gJ> miyKfg;G guTtijNa Fwpf;fpwJ. miyKfg;G vg;NghJk; miyguTk; 
jpirf;F nrq;Fj;jhfNt ,Uf;Fk;. xspf;fjphpd;jpir miyguTk; jpirapNyNa ,Ue;jhy;> 
miyKfg;G> vg;NghJk; xspf;fjphpd; jpirf;Fr; nrq;Fj;jhf ,Uf;Fk;.  
 
xU Gs;spapy; cw;WNehf;fg;gLk; miyKfg;gpd; tbtk; xsp %yj;jpd; tbtj;ijAk;> 
xsp%yk; mike;Js;s njhiyitAk; rhh;e;Js;sJ. tuk;Gf;Fl;gl;l njhiytpy; mike;Js;s 
xU Gs;sp xsp %yk; vg;nghOJk; Nfhsf miyKfg;igNa jUfpwJ. tuk;Gf;Fl;gl;l 
njhiytpy; mike;Js;s ePl;lg;gl;l (my;yJ) Nfhl;L xsp %yk;> cUis tbt 
miyKfg;igj; jUfpwJ. <hpy;yhj; njhiytpy; mike;Js;s ve;j Xh; xsp %yj;jpdhYk; 
Njhd;Wk; rkjs miyKfg;Gfs; fhl;lg;gl;Ls;sd.  
 
i`nfd;]; jj;Jtk; (Huygen’s Principle): 
 
i`nfd;]; jj;Jtk; xU tbtpay; fl;likg;ghFk;. t = 0 vd;w Neuj;jpy; miyKfg;gpd; 
tbtk; ekf;Fj; njhpe;jhy;> ve;j xU Neuj;jpYk; cs;s miyKfg;gpd; tbtj;ij 
i`nfd;]; jj;Jtj;ijg; gad;gLj;jp ehk; fz;lwpayhk;. i`nfd;]; jj;Jtj;jpd;gb> 
miyKfg;gpYs;s xt;nthU Gs;spAk; ,uz;lhk; epiy miyf;Fl;bfis cUthf;Fk; xsp 
%ykhfr; nray;gLk;. ,g;Gs;spfspypUe;J ntsptUk; ,uz;lhk;epiy miyf;Fl;bfs;> miy 
Ntfj;jpy;> Clfj;jpd; midj;Jj; jpirfspYk; guTk;. ,e;j ,uz;lhk; epiy 
miyFl;bfSf;F tiuag;gLk; nghJthd njhLNfhL my;yJ ,uz;lhk; epiy 
miyf;Fl;bfspd; Kd;Gw ciw> mLj;J Vw;gLk; Gjpa miyKfg;igf; nfhLf;Fk;. vdNt> 
i`nfd;]; jj;Jtk; miyKfg;gpd; gutiy tpsf;FfpwJ.  
 
Nfhsf kw;Wk; rkjs miyKfg;Gfspd; guty; tpthpf;fg;gl;Ls;sJ. t = 0 vd;w Neuj;jpy; 
cs;s miyKfg;ig> AB vd;f. i`nfd;]; jj;Jtj;jpd;gb AB miyKfg;gpd; xt;nthU 

Gs;spAk;> miyapd; Ntfj;jpy; (xspapd; Ntfk; c - ,y;) nry;Yk; ,uz;lhk; epiy 

miyf;Fl;bfis cUthf;Fk; xsp%ykhfr; nray;gLk;. t fhyk; fopj;J miyKfg;gpd; Gjpa 

epiyia mwptjw;F AB kPJs;s P, Q, R…. vd;w Gs;spfis ikakhff; nfhz;L ctI 
Mukhff;nfhz;L tl;lq;fs; tiua Ntz;Lk;. ,r;rpWtl;lq;fspd; njhLNfhL my;yJ Kd;Gw 
ciw A'B’ me;j Neuj;jpy; Vw;gLk; Gjpa miyKfg;ghFk;. Fwpg;gpl;l njhiytpYs;s Gs;sp 

xsp %yj;jhy; Vw;gLk; ,g;Gjpa miyKfg;G A’B’ xU Nfhsf miyKfg;ghf ,Uf;Fk;. xsp 
%yk; kpf ePz;l J}uj;jpy; (<hpy;yhj; njhiytpy;) ,Ue;jhy; rkjs miyKfg;ghf ,Uf;Fk;.   
 
miyguTtij tpsf;Fk; i`nfd;]; fl;likg;gpy; xU FiwghL cs;sJ. Nkw;fz;l 
fl;likg;gpy; Njhd;Wk; gpd;miy vt;thW kiwfpd;wJ vd;gij ,f;nfhs;if tpsf;ftpy;iy. 
kpd;fhe;j miyf;nfhs;ifapd; mbg;gilapy; ,g;gpd;miyfspd; guty; ,ay;ghfNt 
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xJf;fpj;js;sg;gLfpd;wd. ,Ue;jNghjpYk;> i`nfd;]; fl;likg;G miyKfg;G xd;wpd; 
gutiy tiugl tbtpy; ed;F tpsf;FfpwJ.  
 
miyKfg;G xd;wpd; gutiy tiugl tbtpy; ed;F tpsf;FfpwJ.  
 
i`nfd;]; jj;Jtj;jpd; mbg;gilapy; vjpnuhspg;G tpjpia ep&gpj;jy; (Proof for laws of 
reflection using Huygens Principle): 
 
XY vd;w rkjsf; fz;zhbapd; vjpnuhspg;Gg; gug;gpd; kPJ fhl;bAs;sthW ,iz 

xspf;fw;iwfs; tpOfpd;wd vdf; fUJf. gLk; rkjs miyKfg;G AB kw;Wk; vjpnuhspg;G 
miyKfg;G A’B’ ,t;tpuz;L miyKfg;GfSk; xNu Clfj;jpy; cs;sd. ,e;j 

miyKfg;Gfs; gLfjph;fs; kw;Wk; vjpnuhspg;Gf; fjph;fs; L’, M’ Mfpatw;wpw;Fr; nrq;Fj;jhf 

cs;sd. gLk; miyKfg;gpYs;s A Gs;sp> vjpnuhspg;Gg; gug;igj; njhLk; Neuj;jpy;> B Gs;sp 
BB’ njhiyT gazk; nra;J> vjpnuhspg;Gg; gug;gpYs;s B’ Gs;spia milfpwJ.  
 
B Gs;sp vjpnuhspg;Gg; gug;gpYs;s B’ Gs;spia milAk; me;j Neu ,ilntspapy;> A Gs;sp 

A’ I milfpwJ. miyKfg;gpYs;s midj;Jg; Gs;spfSf;Fk; ,J nghUe;Jk;. vdNt> A’B’ 
vd;w rkjs vjpnuhspg;G miyKfg;G fpilf;Fk;. xspf;fjph;fs; L kw;Wk; M ,uz;Lk; 

vjpnuhspg;Gg; gug;gpy; tpOk; Gs;spfspy; N kw;Wk; N’ vd;w ,uz;L nrq;Fj;Jf;NfhLfs; 
tiuag;gLfpd;wd. vjpnuhspg;Gk; ,Nj Clfj;jpy; eilngWtjhy; vjpnuhspg;Gf;F Kd;Gk; 
kw;Wk; vjpnuhspg;Gf;Fg; gpd;Gk; xspapd; jpirNtfj;jpy; vt;tpj khw;wKk; Vw;glhJ. vdNt> 
xspf;fjph; A tpypUe;J A’ tu vLj;Jf;nfhs;Sk; NeuKk; B apypUe;J B’ tu 

vLj;Jf;nfhs;Sk; NeuKk; rkk;. ,jd; fhuzkhfj; njhiyTfs; AA’ kw;Wk; BB’ ,uz;Lk; 

xd;Wf;nfhd;W rkk; (AA’ = BB’)   
 
(i) gLfjph;fs;> vjpnuhspg;Gf;fjph;fs;> vjpnuhspg;Gg; gug;G kw;Wk; nrq;Fj;Jf;NfhL midj;Jk; 
xNu jsj;jpy; cs;sd.  
 
(ii) gLNfhzk;>  

   90 'i NAL NAB BAB = = − =  
vjpnuhspg;Gf;Nfhzk;>  

  ' ' ' 90 ' ' ' ' 'r N B M N B A A B A = = − =  
 
nrq;Nfhz Kf;Nfhzq;fs; ΔABB’ kw;Wk; ΔB’A’A ,uz;bYk; nrq;Nfhzq;fs; B kw;Wk; 
A’ rkk;. (B kw;Wk; A’ = 90˚); AA’ kw;Wk; BB’ ,uz;L gf;fq;fSk; rkk; (AA’ = BB’). 
NkYk;> gf;fk; AB’ ,uz;L nrq;Nfhz Kf;Nfhzq;fSf;Fk; nghJthdJ. vdNt> ,t;tpuz;L 

Kf;Nfhzq;fSk; xj;j Kf;Nfhzq;fshFk; (Congruent). xj;j Kf;Nfhzq;fSf;Ff; 

Nfhzq;fs; BAB’ kw;Wk; A’B’A Mfpait xd;Wf;nfhd;W rkkhFk;. vdNt>  

   i = r  
gLNfhzk;> vjpnuhspg;Gf; Nfhzj;jpw;Fr; rkkhFk;. vdNt> vjpnuhspg;G tpjpfs; 
ep&gpf;fg;gl;ld.  
 
i`nfd;]; nfhs;ifapd; mbg;gilapy; xsptpyfy; tpjpfis ep&g;gpj;jy; (Proof for laws 
of refraction using Huygens Principle) :  
 
xspGFk; jd;ik nfhz;l fz;zhb Nghd;w XY gug;gpd; kPJ> fhl;bAs;sthW ,iz 
xspf;fw;iwfs; tpOfpd;wd vdf; fUJf. gLk; rkjs miyKfg;G AB mlh;Fiw Clfk; (1) 
Yk;> xsptpyF miyKfg;G> mlh;kpF Clfk; (2) Yk; cs;sd. ,t;tpuz;L miyKfg;GfSk; 
gLfjph; L, M kw;Wk; tpyF fjph; L’, M’ Mfpatw;wpw;Fr; nrq;Fj;jhFk;. gLk; 

miyKfg;gpYs;s A Gs;sp> xsptpyF gug;igj;njhLk; me;j Neuj;jpy;> B Gs;sp BB’ 
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njhiyitf; fle;j xsptpyF gug;gpd; B’ vd;w Gs;spiaj; njhLfpwJ. B Gs;sp xsptpyF 
gug;gpd; B’ Gs;spiaj; njhLk; Neuj;jpy; A Gs;sp kw;Nwhh; Clfj;jpy; A’ njhiyit 

flf;fpwJ. miy Kfg;gpYs;s midj;Jg; Gs;spfSf;Fk; ,J nghUe;Jk;. vdNt A’B’ vd;w 
rkjs xsptpyF miyKfg;G fpilf;Fk; xsptpyF gug;gpy; L kw;Wk; M fjph;fs; gLk; 

Gs;spapy; N kw;Wk; N’ vd;w ,uz;L nrq;Fj;Jf; NfhLfs; fUjg;gLfpd;wd. mlh;Fiw 
Clfj;jpy; (1) ,Ue;J> mlh;kpF Clfj;jpw;F (2) xsptpfy; Vw;gLtjhy;> xsptpyfYf;F Kd;G 
xspapd; jpirNtfk; v1 kw;Wk; xsp tpyfYf;Fg; gpd;G xspapd; jpirNtfk; v2 MFk;. ,q;F 

v1 MdJ v2 I tpl mjpfk;. (v1 > v2). Mdhy;> xspf;fjph;fs; B apypUe;J B’ Gs;spf;Fr; 
nry;y vLj;Jf;nfhs;Sk; NeuKk;> A tpypUe;j A’ Gs;spf;Fr; nry;y vLj;Jf;nfhs;Sk; 
NeuKk; rkk;.  

  
1 2

' 'BB AA
t

v v
= =  (my;yJ) 1

2

'

'

BB v

AA v
=  

gLfjph;fs;> tpyFfjph;fs;> xsptpyF gug;G XY kw;Wk; nrq;Fj;Jf;NfhLfs; midj;Jk; xNu 
jsj;jpy; mikfpd;wd.  
 
2. gLNfhzk;>  
       90 'i NAL NAB BAB= = − =  
 tpyFNfhzk;>  
   ' ' ' 90 ' ' ' ' 'r N B M N B A A B A= = − =  

 
nrq;Nfhz Kf;Nfhzq;fs; ΔABB’ kw;Wk; Δ B’A’A ,uz;bypkpUe;J>  

   2 2

1 1

sin '/ ' ' /

sin '/ ' ' /

i BB AB BB v c v

r AA AB AA v c v
= = = =   

,q;F c vd;gJ> ntw;wplj;jpy; xspapd; NtfkhFk;. tpfpjk; c/v xU khwpypahFk;. 
,k;khwpypf;F Clfj;jpd; xsptpyfy; vz; vd;W ngah;. Kjy; Clfj;jpd; (1) xsptpyfy; vz; 
c/v1 = n1 kw;Wk; ,uz;lhtJ Clfj;jpd; (2) xsptpyfy; vz; c/v2 = n2 MFk;.  

   2

1

sin

sin

i n

r n
=  

ngUf;fy; tbtpy;  
  n1 sin i = n2 sin r  
vdNt> xsptpyfy; tpjpfs; ep&gpf;fg;gl;ld.  
 
,Nj Kiwapy;> miyKfg;G mlh;kpF Clfj;jpy; ,Ue;J> mlh;Fiw Clfj;jpw;F tUk; 
NghJk; xsptpyfy; tpjpfis ep&gpf;f KbAk;.  
 
xsp mlh;kpF Clfj;ijtpl> mlh;Fiw Clfj;jpy; mjpf jpirNtfj;jpy; nry;Yk;. vdNt> 
mlh;Fiw Clfj;jpy; xspapd; miyePsk; mjpfk;> mlh;kpF Clfj;jpy; xspapd; miyePsk; 
FiwT.  

  1 2

2 1

n

n




=  

Fwpg;gpl;l mjph;ntz; nfhz;l xsp> ntt;NtW Clfq;fspd; topahfr; nrd;whYk; 
mjd; mjph;ntz;zpy; vt;tpj khw;wKk; Vw;glhJ. mt;T+lfj;jpd; topahfr; nry;Yk; 
xspapd; Ntfj;jpw;F Vw;g mjd; miyePsj;jpy; khw;wk; Vw;gLk;. 
 
FWf;fPl;L tpisT: (Interference) 
,uz;L xsp miyfs; $Ltjhy; my;yJ mt;nthsp miyfs; xd;wpd; kPJ kw;nwhd;W 
Nkw;nghUe;Jtjhy;> rpy Gs;spfspy; xspr;nrwpT mjpfhpf;Fk;> NtWrpy Gs;spfspy; 
xspr;nrwpT FiwAk; epfo;Tf;F xspapd; FWf;fPl;L tpisT vd;W ngah;. Nkw;nghUe;jy; 
vd;gJ xsp miyfspd; $Ljiyf; Fwpf;fpwJ. ,uz;L xsp miyfs; xNu Neuj;jpy; 
Clfj;jpYs;s Jfspd; topNa nry;Yk;NghJ njhFgad; ,lg;ngah;r;rpahdJ xt;nthU 
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miyapdhYk; Jfspd; kPJ Vw;gLj;Jk; jdpj;jdp ,lg;ngah;r;rpfspd; ntf;lh; $LjYf;Fr; 
rkk;. Nkw;nghUe;Jk; miyfSf;F ,ilNa cs;s fl;lNtWghl;ilg; nghUj;J> njhFgad; 
,lg;ngah;r;rp ngUkkhfNth my;yJ rpWkkhfNth ,Uf;Fk;.  
 
,f;fUj;Jfs; xspapaypy; gpd;tUkhW gad;gLj;jg;gLfpd;wd. S1 kw;Wk; S2 vd;w ,uz;L 

xsp%yq;fspypUe;J tUk; xsp miyfisf; fUJf. mit P vd;w Gs;spapy; re;jpf;fpd;wd.   
 
t Neuj;jpy; S1 xsp%yj;jpy; ,Ue;J P  Gs;spia milAk; miy>  

   1 1 siny a t=  

t Neuj;jpy; S2 xsp %yj;jpy; ,Ue;J P Gs;spia milAk; miy>  

   ( )2 2 siny a t = +  

,t;tpuz;L miyfSk;> ntt;NtW tPr;RfisAk; (a1 kw;Wk; a2) xNu Nfhz 

mjph;ntz;izAk; ω kw;Wk;   vd;w fl;lNtWghl;ilAk; ngw;Ws;sd. ,t;tpuz;L 

miyfspdhy; Vw;gl;l njhFgad; ,lg;ngah;r;rp>  

( )1 2 1 1 2sin siny y y a t a t  = + = + +  

Kf;Nfhztpay; Kw;nwhUikfisg; gad;gLj;jp ,r;rkd;ghl;ilj; jPh;T nra;Ak;NghJ> 
gpd;tUk; rkd;ghL fpilf;Fk;>  
   y = A sin (ω t + θ) 

,q;F 2 2

1 2 1 22 cosA a a a a = + +  

   1 2

1 2

sin
tan

cos

a

a a




−=
+

 

0, 2 , 4 ....,  =   vd;w epge;jidfspy; njhFgad; tPr;R ngUkkhFk;. 

   2

max 1 2( )A a a= +  

, 3 , 5 ....,   =    vd;w epge;jidfspy; njhFgad; tPr;R rpWkkhFk;>  

  2

1 2min ( )A a a= −  

xspr;nrwpT> tPr;rpd; ,Ukbf;F Neh;tpfpjj;jpy; ,Uf;Fk;.  
 
  I A2  
,g;nghOJ> gpd;tUkhW khw;wkilAk;.  

   1 2 1 22 cosI I I I I  + +  

fl;lNtWghL 0, 2 , 4 ....,  =    vd;gJ xspapd; ngUkr; nrwptpw;fhd epge;jidahFk;. 

,jw;F Mf;ff;FWf;fPl;L tpisT vd;W ngah;.  
  njhFgad; ngUk xspr;nrwpT>  
 
 
 

  2

m 1 2 1 2 1 2I ( ) 2
ax

a a I I I I +  + +  

fl;lNtWghL , 3 , 5 ....,   =    vd;gJ xspapd; rpWkr; nrwptpw;fhd epge;jidahFk;. 

,jw;F mopTf;FWf;fPl;L tpisT vd;W ngah;.  
njhFgad; rpWk xspr;nrwpT>  

  2

m 1 2 1 2 1 2I ( ) 2
in

a a I I I I −  + −  

rpwg;G Neh;thf 1 2a a a= =  vdpy;> rkd;ghL gpd;tUkhW khw;wkilAk;>  

  2 2 22 2 cos 2 (1 cos )A a a a = + = +  

     = 2 22 2cos ( / 2)a   
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   2 cos( / 2)A a =  

   2 2 24 cos ( / 2) [ ]I a I A   

   2 2

0 04 cos ( / 2) [ ]I I I a=   

   0, 2 ,4 .....,  =   vdpy; Imax = 4I0 

   , 3 , 5 .....,   =    vdpy; Imin = 0  
,uz;L xsp miyfSk; re;jpf;Fk; Gs;spapy; Vw;gLk; xspr;nrwpit> ,t;tpuz;L 
miyfSf;fpilNa cs;s fl;l NtWghL   jPh;khdpf;fpwJ vd;gij ,jpypUe;J ehk; 

mwpayhk;.  
 
fl;lNtWghL kw;Wk; ghijNtWghL (phase difference and Path difference): 
mjph;T xd;wpd; Nfhzepiyf;Ff; fl;lk; (Phase) vd;W ngah;. miy guTk; NghJ> miyapy; 
cs;s mjph;tpd; fl;lepiyf;Fk;> miy fle;J nrd;w ghijf;FkpilNa xU njhlh;G 
cs;sJ. miy xd;wpd; fl;lepiyia> mt;tiy fle;J nrd;w ghijapd; mbg;gilapy; 
tpthpf;f ,aYk;. ,NjNghd;W miy fle;J nrd;w ghijia> mt;tiyapd; fl;lepiyapd; 
mbg;gilapYk; tpthpf;fyhk;. miy xd;wpd; ghij Xh; miyePsk; λ tpw;Fr; rkkhd fl;lk; 2
  MFk;.   fl;lNtWghl;bw;Fr; rkkhd ghij NtWghL ( ) gpd;tUkhW.  

    
2

 


=  my;yJ 
2 


=   

 
Xhpay; %yq;fs; (Coherent sources):  
 
,uz;L miy %yq;fs; Xhpay; %yq;fshf ,Uf;fNtz;Lnkdpy;> mit ,uz;Lk; xNu 
fl;lNtWghl;ilf; nfhz;l my;yJ fl;lNtWghL mw;w miyfis cUthf;f Ntz;Lk;. 
Nkyk; ,t;tpuz;L miy%yq;fSk; xNu mjph;ntz; my;yJ miyePsk; (xw;iw epwk;) 
nfhz;l miyfis cUthf;f Ntz;Lk;. mt;tiyfs; xNu tPr;Rnfhz;l miytbtk; 
nfhz;ljha; ,Ug;gJk; tpUk;gj;jf;fJ.  
 
Xhpay; jd;ik miyfspd; gz;ghFk;. ,g;gz;G epiyahd FWf;fPl;L mikg;igg; ngWtjw;F 
mbg;gilahFk;.  
 
,uz;L jdpj;jdp xw;iw epw xsp %yq;fs; xhpay; %yq;fs; MfhJ. Vnddpy;> mit xNu 
mjph;ntz; kw;Wk; xNu tPr;R nfhz;l miyfis cUthf;fyhk; Mdhy;> mt;nthsp 
%yq;fspdhy; xNu fl;lj;jpy; cs;s miyfis cUthf;f KbahJ. ,jw;fhd fhuzk; 
vd;dntd;why;> mZf;fs; xspia ckpOk;NghJ Vw;gLk; ntg;g mjph;tpd; fhuzkhff; 
fl;lkhw;wk; Vw;gLfpd;wJ. vdNt> jdpj;jdp xsp %yq;fs; vg;NghJk; xhpay; %yq;fshfr; 
nray;gl KbahJ.  
 
Xhpay; xsp miyfisg; gpd;tUk; %d;W topKiwfspy; ngwyhk;. mit  
 1. xspr;nrwpT my;yJ tPr;Rg;gphpg;G  
 2. miyKfg;Gg; gphpg;G  
 3. xsp%yk; kw;Wk; gpk;gq;fs;  
 

1. xspr;nrwpT my;yJ tPr;Rg; gphpg;G:  
gFjp nts;spG+rg;gl;l fz;zhb (fw;iwg; gphpg;ghd;) topNa xspiar; nrYj;Jk; NghJ> 
xNu Neuj;jpy; xsp vjpnuhspg;G kw;Wk; xsptpyfy; ,uz;Lk; Vw;gLk;. xNu 
xsp%yj;jpypUe;J ,uz;L xspf;fw;iwfisg; ngWtjhy;> gphpf;fg;gl;l ,t;tpuz;L 
xspf;fw;iwfSk; xhpay; xspf;fw;iwfshfr; nray;gLk;. ,t;tpuz;L Xhpay; 
xspf;fw;iwfSk; xNu fl;lj;jpy; my;yJ khwhj fl;lNtWghl;by; cs;sd.  
 

2. miyKfg;Gg; gphpT: xhpay; xsp %yq;fisg; ngWtjw;fhd nghJthd xUKiw 
miyKfg;Gg;gphpg;G MFk;. ehk; mwpe;jgb Gs;sp xsp%yk; xd;W Nfhsf 
miyKfg;ig Vw;gLj;Jk;. ,e;j miyKfg;gpy; cs;s xt;nthU Gs;spAk; xNu 
fl;lj;jpy; ,Uf;Fk;. ,ul;ilg; gpsT xd;wpidg; gad;gLj;jp miy Kfg;gpYs;s 
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,uz;L Gs;spfisj; Njh;T nra;jhy; mt;tpuz;L Gs;spfSk; xhpay; xsp%yq;fshfr; 
nray;gLk;.  
 

3. xsp%yk; kw;Wk; gpk;gq;fs;: ,k;Kiwapy; xsp%yKk; mjd; gpk;gKk; xhpay; 
xsp%yj;njhFg;ghfr; nray;gLfpd;wd. Vnddpy;> xsp %yKk; mjd; gpk;gKk; xj;j 
fl;lj;jpy; cs;s my;yJ xNu fl;lNtWghl;ilAila xsp miyfisf; 
Njhw;Wtpf;Fk;. g;undy; (Fresnel’s) ,ul;il Kg;gl;lfj;jpy;> ,uz;L khaxsp %yq;fs; 

xhpay; %yq;fshfr; nray;gLfpd;wd. NkYk; yhapl; (Lloyd’s) fz;zhbapy; xU xsp 
%yKk; mjd; kha gpk;gKk; ,uz;L Xhpay; %yq;fshfr; nray;gLfpd;wd.  

4.  
,ul;ilg; gpsT> Xhpay; %yq;fshff; nray;gly;:  
 
miyKfg;Gg; gphpg;G jj;Jtj;ij mbg;gilahff; nfhz;L ,ul;ilg; gpsT nray;gLfpd;wJ. 
xw;iw epw xsp%yk; S xd;wpdhy; xspA+l;lg;gl;l S1 kw;Wk; S2 vd;w ,uz;L gpsTfs;> 
Xhpay; xsp%yq;fshfr; nray;gLfpd;wd. ,e;j xhpay;  
 
xsp%yq;fspypUe;J tUk; xsp miyfs; xNu Clfj;jpy; gazk; nra;J> ntt;NtW 
Gs;spfspy; xd;Wld; xd;W Nkw;nghUe;Jfpd;wd. miyfspd; KfL njhlh;r;rpahd fUik 
NfhLfspdhYk; mfL njhlh;r;rpaw;w Nfhl;bdhYk; fhl;lg;gl;Ls;sd.  
 
Xh; miyapd; mfLk;> kw;Nwhh; miyapd; mfLk; my;yJ Xh; miyapd; KfLk; kw;Nwhh; 
miyapd; KfLk; re;jpf;Fk; Gs;spfspy; cs;s miyfs; xj;jfl;lj;jpy; cs;sd. vdNt> 
ngUk ,lg;ngah;r;rp Vw;gl;L mg;Gs;spfs; ngUk xspr;nrwpTld; fhl;rp mspf;Fk;. ,t;thW 
Vw;gLk; FWf;fPl;L tpistpw;F Mf;ff; FWf;fPl;L tpisT vd;W ngah;.  
 
Xh; miyapd; KfLk;> kw;Nwhh; miyapd; mfLk; re;jpf;Fk; Gs;spfspy; cs;s miyfs; 
ntt;NtW fl;lj;jpy; ,Uf;Fk;. vdNt> rpWk ,lg;ngah;r;rp Vw;gl;L mg;Gs;spfs; fUikahff; 
fhl;rpaspf;Fk;. ,t;thW Vw;gLk; FWf;fPl;L tpistpw;F mopTf; FWf;fPl;L tpisT vd;W 
ngah;.  
 
jpiuapy; mLj;jLj;Jg; ngUk kw;Wk; rpWk xspr;nrwpTfs; Njhd;Wk;. ,t;thW jpiuapy; 
Njhd;Wk; nghypT kw;Wk; fUk;gl;ilfs; FWf;fPl;Lg; gl;ilfs; vd miof;fg;gLfpd;wd.  
 
aq; ,ul;ilg;gpsT Ma;T:  
jhk]; aq; vd;w gphpl;b~; ,aw;gpay; mwpQh; xspGfhj; jpiuapy; S1 kw;Wk; S2 vd;w ,uz;L 

Jisfis Vw;gLj;jp mit S vd;w xsp %yj;jpypUe;jJ rknjhiytpy; ,Uf;Fk; gb 

mikj;jhh;. xt;nthU Jisapd; mfyKk; 0.03 mm ,t;tpuz;L JisfSk; 0.3 mm 

njhiytpy; gphpj;J itf;fg;gl;ld. Jisfs; S1 kw;Wk; S2 ,uz;L xsp%yk; S ,y; ,Ue;J 
rknjhiytpy; cs;sjhy;> xsp%yk; S ,ypUe;J S1 kw;Wk; S2 it milAk; miyfs; 

xj;jfl;lj;jpy; ,Uf;Fk;. vdNt> FWf;fPl;L tpisit Vw;gLj;Jk; Xhpay; %yq;fshf S1 

kw;Wk; S2 gpsTfs; nray;gl;Lf; FWf;fPl;L tpisit Vw;gLj;Jk;.    
 
gpsTfs; S1 kw;Wk; S2 tpypUe;J tUk; miyKfg;Gfs; ,ul;ilg;gpstpd; tyg;gf;fkhf 

xd;Wld; xd;W Nkw;nghUe;Jfpd;wd. gpsTfspypUe;J Rkhh; 1 m njhiytpy; XY vd;w 
jpiuapid itf;Fk;NghJ> mj;jpiuapy; rk mfyKila nghypT kw;Wk; fUk; gl;ilfs; 
mLj;jLj;Jj; Njhd;Wfpd;wd. ,jw;F FWf;fPl;Lg;gl;ilfs; my;yiJ FWf;fPl;L thpfs; vd;W 
ngah;. fz;zUFtpy;iy xd;iwg; gad;gLj;jp ,f;FWf;fPl;Lg; gl;ilfis Neubahff; 
fhzyhk;.  
 
S1, S2 tpypUe;J jpiuapd; ikag;Gs;sp O it milAk; xsp miyfs;> rknjhiyitf; 
fle;Jte;Js;sjhy; mit xj;jfl;lj;jpy; ,Uf;Fk;. ,t;tpuz;L miyfSk; Mf;ff;FWf;fPl;L 
tpisit Vw;gLj;jp> ikag;Gs;sp O tpy; nghypTg;gl;ilia cUthf;Fk;. ,jw;F ikag; 
nghypTg;gl;il vd;W ngah;. VNjDk; xU gpsit %btpl;lhy; FWf;fPl;Lg;gl;ilfs; kiwe;J 
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jpiu rPuhf xspA+l;lg;gl;bUf;Fk;. ,jpypUe;J> jpiuapy; Njhd;Wk; nghypT kw;Wk; fUk; 
gl;ilfs; xspapd; FWf;fPl;L tpistpdhy; Vw;gl;lit vd;gij mwpayhk;. 
 
ghij NtWghl;bw;fhd rkd;ghL:  
 
Xhpay; %yq;fshfr; nray;gLk; S1 kw;Wk; S2 gpsTfSf;fpilNa cs;s njhiyT d vd;f. 
,it λ miyePsKila xsp miyfis cUthf;Fk;. ,ul;ilg;gpsTfSf;F ,izahf D 
njhiytpy; jpiu xd;W itf;fg;gl;Ls;sJ. S1 kw;Wk; S2 f;F eLNt cs;s Gs;spia C 
vd;f. NkYk;> jpiuapd; ikag;Gs;sp O. S1 kw;Wk; S2 tpypUe;J rknjhiytpy; cs;sJ. 

jpiuapy; ikag;Gs;sp O tpypUe;J Y njhiytpy; cs;s VNjDk; xU Gs;spia P vd;f. S1, 
S2 tpypUe;J P Gs;spia milAk; xsp miyfs;> mtw;wpw;F ,ilNa cs;s ghij 
NtWghl;ilg; nghUj;J> xj;j fl;lj;jpNyh my;yJ NtWgl;l fl;lj;jpNyh ,Uf;Fk;.  
 
S1 kw;Wk; S2 tpypUe;j P Gs;spia milAk; xsp miyfSf;F ,ilNaAs;s ghij 

NtWghl;il δ vd;f. δ = S2P – S1P. 
 
S1 ,y; ,Ue;J> S2P Nfhl;bYs;s M Gs;spf;F tiuag;gl;l nrq;Fj;Jf; Nfhl;bypUe;J ghij 
NtWghl;ilj; Jy;ypakhff; fzf;fplyhk;.  
 

    2 2S P MP S M = − =  

C Gs;spapypUe;J> P Gs;sp mike;Js;s Nfhzepiyia θ vd;f. OCP = θ tbtpay; 
tpjpfspd; gb>  
Nfhzq;fs; OCP kw;Wk;  S2S1M Mfpait rkk;  

  OCP =  S2S1M = θ 
nrq;Nfhz Kf;Nfhzk; Δ S1S2 M ,y;> ghijNtWghL S2M = d sin θ 
Nfhzk; θ rpwpaJ. vdNt> sin θ ≈ tan θ ≈ θ  
    sind =  

nrq;Nfhz Kf;Nfhzk; , tan
y

OCP
D

 =  

  ghij NtWghL> 
dy

D
 =   

ghij NtWghl;bd; epge;jidiag; nghUj;J> Gs;sp P apy; nghypTg; gl;ilNah my;yJ fUk; 
gl;ilNah Njhd;Wk;.  
 
nghypTg;gl;il my;yJ ngUkj;jpw;fhd epge;jid:  
Mf;fFWf;fPl;L tpisT my;yJ Gs;spapy; nghypTg;gl;il Njhd;w epge;jid gpd;tUkhW>  
   ghij NtWghL> n =  
 
,q;F> n = 0, 1, 2, …..  

   
dy

n
D

 =   

   
D

y n
d


=  my;yJ 

n

D
y n

d


=  

 
P Gs;spapy; nghypTg;gl;il Njhd;w ,JNt epge;jidahFk;. ,q;F yn vd;gJ O tpypUe;J n 
tJ nghypTg;gl;ilapd; njhiyitf; Fwpf;fpwJ.  
 
fUk;gl;il my;yJ rpWkj;jpw;fhd epge;jid:  
mopTf;FWf;fPl;L tpisT my;yJ P Gs;spapy; fUkgl;il Njhd;Wtjw;fhd epge;jid 
gpd;tUkhW>  
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 ghij NtWghL> (2 1)
2

n
 = −  

 ,q;F> n = 1, 2, 3 ….  

   (2 1)
2

dy
n

D


 = −  

   
(2 1)

2

n D
y

d

−
=   (my;yJ) 

(2 1)

2
n

n D
y

d

−
=  

P Gs;spapy; fUk;gl;ilj; Njhd;w ,JNt epge;jidahFk;. ,q;F yn vd;gJ> O tpypUe;J tJ 
fUk;gl;ilapd; njhiyitf; Fwpf;fpwJ. nghypT kw;Wk; fUk;gl;ilfs; Njhd;Wk; tpjj;ijg; 
fhl;Lfpd;wJ.  
 
jpiuapy;> ikag;nghypTg;gl;ilapd; ,uz;L gf;fq;fspYk; nghypT kw;Wk; fUk;gl;ilfs; 
mLj;jLj;Jj; Njhd;Wk;. ikag;nghypitr; Ropg;nghypT vdTk; (0th bright) mjd; 
njhlh;r;rpahf Kjy; fUik kw;Wk; Kjy; nghypT Njhd;Wk;. mLj;J ,uz;lhtJ fUik 
kw;Wk; ,uz;lhtJ nghypT Njhd;Wk;. ,t;thwhf> ikag;nghyptpd; ,uz;L gf;fq;fspYk; 
cs;sthW fUik kw;Wk; nghypTg;gl;ilfs; mLj;jLj;Jj; Njhd;Wk;.  
 
gl;il mfyj;jpw;fhd Nfhit:  
 
,uz;L mLj;jLj;j nghypTg;gl;il my;yJ fUk;gl;ilfSf;F ,ilNa cs;s njhiyT 
gl;il mfyk; vd miof;fg;gLfpwJ.  
 
ikag;Gs;sp O tpypUe;J (n + 1) tJ nghypTg;gl;ilf;Fk;> n tJ nghypTg;gl;ilf;Fk; 
,ilNa cs;s njhiyT gl;il mfyj;ijf; nfhLf;Fk;. 

( 1)

(2( 1) 1) (2 1)

2 2
n n

n D n D
y y

d d

  +

= − −   = − = −      
 

   
D

d

 =  

 
,t;thNw> ikag;Gs;sp O tpypUe;j (n + 1) tJ fUk;gl;ilf;Fk;> n tJ fUk;gl;ilf;Fk; 
,ilNa cs;s njhiyT> gl;il mfyj;ijf; nfhLf;Fk;.  
   
ikag;nghypTg; gl;ilapd; ,UGwKk; rk mfyKila nghypT kw;Wk; fUk;gl;ilfs; rk 
,ilntspapy; Njhd;Wk; vd;W mwpayhk;.  
 
njspthd kw;Wk; mfykhd FWf;fPl;Lg; gl;ilfisg; ngWtjw;fhd epge;jidfs;:  
 

1. xsp %yj;jpw;Fk; jpiuf;Fk; ,ilNaAs;s njhiyT kpf mjpfkhf ,Uf;f Ntz;Lk;.  
2. gad;gLj;jg;gLk; xspapd; miyePsk; kpf mjpfkhf ,Uf;f Ntz;Lk;.  
3. ,uz;L Xhpay; %yq;fSf;F (,q;Nf S1 kw;Wk; S2)f;F ,ilNaAs;s njhiyT kpff; 

Fiwthf ,Uf;f Ntz;Lk;.  
 

gytz;z xspapdhy; Vw;gLk; FWf;fPl;L tpisT:  
 
gytz;z xspapidf; nfhz;L (nts;is xsp) epfo;j;jg;gLk; FWf;fPl;L tpisTfspy; 
ntt;NtW epwq;fs; nfhz;l tz;zg;gl;ilfs; jpiuapy; Njhd;Wk;. ,jw;Ff; fhuzk;> 
ntt;NtW tz;zq;fs; ntt;NtW miyePsq;fisg; ngw;wpUg;gjhFk;. ,Ue;jNghjpYk;> 
ikag;gl;il my;yJ Ropg;gl;il vg;NghJk; nghypthfTk;. ntz;ik epwj;jpYk; fhzg;gLk;. 
,jw;Ff; fhuzk; ikak; O tpy; tpOk; midj;J tz;zq;fSf;Fk; ghij NtWghL 

RopahFk;. vdNt> midj;J tz;zq;fSf;Fk; ikag;Gs;sp O tpy; Mf;ff;FWf;fPl;L tpisT 
kl;LNk eilngw;W> ikak; nghypthff; fhl;rpaspf;Fk;.  
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ePhpd; kPJ glh;e;jpUf;Fk; vz;nza; glyk; kw;Wk; Nrhg;Gf;Fkpo; Nghd;wit fz;fth; 
tz;zq;fis ntspg;gLj;JtJ glj;jpy; fhl;lg;gl;Ls;sJ. ,t;tz;zq;fSf;Ff; 
fhuzk; nky;NyLfspd; Nkw;gug;G kw;Wk; mbg;gug;gpw;F ,ilapy; gyKiw 
vjpnuhspg;G mile;j nts;is xspf;fjph;fspd; FWf;fPl;L tpisthFk;. 
,t;tz;zq;fs; nky;NyLfspd; jbkd;> nky;NyLfspd; xsptpyfy; vz; kw;Wk; 
xspapd; gLNfhzk; Mfpatw;iwr; rhh;e;jjhFk;.  
 
nky;NyLfspy; Vw;gLk; FWf;fPl;L tpisT (Interference in thin films) 
xsptpyfy; vz; µ (FWf;fPl;Lg; gl;ilapd; thpir n cld; Nrh;;j;J Fog;gpf;nfhs;sf;$lhJ) 

kw;Wk; jbkd; d nfhz;l nky;NyL xd;iwf; fUJNthk;. ,k;nky;Nyl;bd; kPJ ,iz 

xspf;fw;iw xd;W i vd;w gLNfhzj;jpy; tpOfpwJ. ,e;j xspmiy nky;Nyl;bd; Nkw;gug;gpy; 
,uz;lhfg; gphpe;J> xd;W xsp vjpnuhspg;Gk; kw;nwhd;W xsp tpyfYk; milfpwJ. xsptpyfy; 
mile;j gFjp nky;Nyl;bd; cs;Ns nrd;W nky;Nyl;bd; mbg;gug;gpy; NkYk; 
,uz;LgFjpfshfg; gphpfpwJ. xU gFjp nky;Nyl;bid cLUtp ntspNaWfpwJ. kw;nwhU 
gFjp nky;Nyl;bd; cs;NsNa vjpnuhspg;gilfpwJ. nky;Nyl;bdhy; vjpnuhspg;G kw;Wk; 
xsptpyfy; mile;j miyfs;> nky;Nyl;bd; cl;Gwk; gy Kiw vjpnuhspg;G milfpwJ. 
,k;nky;Nyl;bdhy; vjpnuhspg;G kw;Wk; CLUty; mile;j xsp miyfs; jdpj;jdpNa 
FWf;fPl;L tpisit Vw;gLj;Jfpd;wd.  
 
nky;Nyl;bd; topNa cLUtpr;nrd;w miyapdhy; Vw;gLk; Fwf;fPl;L tpisT:  
 
CLUtpr; nrd;w xsp miyfs; FWf;fPl;L tpisit Vw;gLj;jpj; njhFgad; xspr;nrwpitf; 
nfhLf;Fk;. B kw;Wk; D Gs;spfspypUe;J CLUtpr;nrd;w xsp miyfspd; ghij 

NtWghl;ilf; fUJNthk;. xsp miyfs; ,uz;lhfg; gphpif milAk; B Gs;sptiu ,uz;L 

xsp miyfSk; xd;whfNt nry;Yk;. vdNt> ,uz;L miyfSk; xj;jfl;lj;jpy; ,Uf;Fk;. D 
Gs;sp topahf CLUtpr; nry;Yk; xspmiy nky;Nyl;bd; cs;Ns fle;Jnrd;w $Ljy; 
ghij BC + CD MFk;. xsp miy nky;Nyl;bd; cs;Ns nrq;Fj;Jg; gLfjph; epiyapy; 

NkhJfpwJ vdf; fUjpdhy; (i = 0), B kw;Wk; D Gs;spfs; ,uz;Lk; xd;Wf;nfhd;W kpf 
neUf;fkhf mike;Js;sJ vdyhk;. vdNt> xspmiy fle;Jnrd;w $Ljy; ghij 
Njhuhakhf BC + CD = 2d  
 
µ xsptpyfy; vz; nfhz;l Clfj;jpd; cs;Ns ,f;$Ljy; ghij cs;sjhy;> xspapay; 
ghij NtWghL 2 d =  
 
CLUtpr; nrd;w miyfspdhy; Vw;gLk; Mf;ff;FWf;fPl;L tpistpw;fhd epge;jid>  
   2 d n =  
,NjNghd;W> CLUtpr; nrd;w miyfspdhy; Vw;gLk; mopTf; FWf;fPl;L tpistpw;fhd 
epge;jid>  

   2 (2 1)
2

d n
 = −  

vjpnuhspg;G mile;j miyfspdhy; Vw;gLk; FWf;fPl;L tpisT:  
 
nfhs;ifuPjpahf kw;Wk; Nrhjidfspd; %ykhfTk; mlh;Fiw Clfj;jpd; topahfr; nrd;W> 
mlh;kpF Clfg;gug;gpdhy; vjpnuhspg;G mile;j xsp miyfs;   vd;w fl;lNtWghl;il 

milAk; vd ep&gpf;fg;gl;Ls;sJ. vdNt> ,jw;F $Ljy; ghijNtWghL λ/2 itf;fUj 
Ntz;Lk;.  
 
nky;Nyl;bd; Nkw;gug;gpy; A Gs;spapy; vjpnuhspg;G mile;j miyf;Fk;> nky;Nyl;bypUe;J C 
Gs;sp topahf ntspNaWk; miyf;Fk; ,ilNaahd ghij NtWghl;ilf; fUJf. C 
Gs;spapypUe;J ntspNaWk; miy nky;Nyl;bd; cs;Ns $Ljyhff; fle;Jte;j ghij AB + 
BC. nrq;Fj;Jg; gLNfhz epiyapy;> ,f;$Ljy; ghijapd; njhiyT Njhuhakhf AB + BC = 
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2d. ,f;$Ljy;ghij µ xsptpyfy; vz;nfhz;l Clfj;jpDs; cs;sjhy;> xspapd; ghij 
NtWghL 2 d = MFk;.  

 
vjpnuhspg;G miyfspdhy; Vw;gLk; mf;ff; FWf;fPl;L tpistpw;fhd epge;jid> 

    2
2

d n
 + =  (my;yJ) 2 (2 1)

2
d n

 = −  

mlh;Fiw Clfj;jpy; nrd;w xsp miy> A Gs;spapy; mlh;kpF nky;Nyl;Lg; gug;gpdhy; 
vjpnuhspg;G mile;jjhy;   fl;lNtWghl;il milfpwJ. vdNt> ,f;$Ljy; ghij NtWghL 

λ/2 ,q;F Vw;gLfpd;wJ.  
 
vjpnuhspg;G miyfspdhy; Vw;gLk; mopTf; FWf;fPl;L tpistpw;fhd epge;jid  

   2 (2 1)
2 2

d n
  + = +  (my;yJ) 2 d n =  

 
nrq;Fj;Jg; gLNfhz epiyapy; xsp miy nky;NyL gug;gpd; kPJ tpohky;> NtW xU 
Fwpg;gpl;l gLNfhz epiyapy; i tpOe;jhy;> mjw;fhd tpyFNfhzk; r MFk;. vdNt> 

ghij NtWghl;bw;fhd Nkw;fz;l rkd;ghl;bd; ,lg;gf;fk; cs;s vd;w 2µd gjk; 2µd 
cos r vd khw;wkilAk;. 
 
tpspk;G tpisT (Diffraction): 
 
xyp miy> xsp miy> ePuiy Nghd;w midj;J miyfSf;Fkhd nghJthd gz;G tpspk;G 
tpisthFk;. jilapd; tpspk;gpy; tise;Jnrd;W> jilapd; tbtpay; uPjpahd epoYf;Fs; 
miy nry;Yk; epfo;Tf;F tpspk;G tpisT vd;W ngah;. fjph; xspapaypy; ehk; gapd;w 
xspapd; Neh;Nfhl;Lg;gutYf;F ,J vjpuhdjhFk;. Vnddpy;> Clfk; xd;wpd; topNa nry;Yk; 
xspf;fw;iw vt;tpj tisTk; ,d;wp Neh;Nfhl;Lg; ghijapy; nry;Yk; Mdhy;> jilapd; msT 
xspapd; miyePsj;Jld; xg;gplj;jf;f mstpy; fhzg;gl;lhy; kl;LNk tpspk;G tpisT 
Vw;gLk;. ,jd; fhuzkhfj;jhd;. fjTfs;> [d;dy;fs; kw;Wk; fl;llq;fspdhy; xyp miyfs; 
tpspk;G tpisT milfpd;wd. xypapd; miyePsk; ,j;jilfspd; msTld;  
 
g;nudy; kw;Wk; g;uhNdh/gh; tpspk;G tpisTfSf;F ,ilNaahd NtWghLfs;:  
 
t.vz; g;nudy; tpspk;G tpisT  g;uhNdh/gh; tpspk;G tpisT  
1. Nfhsf my;yJ cUis tbt miy 

Kfg;G tpspk;G tpistpw;F 
cl;gLfpd;wJ. 

Rkjs miy Kfg;G tpspk;G 
tpistpw;F cl;gLfpd;wJ. 

2. Xsp miyfisf; nfhLf;Fk; xsp%yk;> 
tuk;Gf;Fl;gl;l njhiytpy; ,Uf;Fk; 

Xsp miyfisf; nfhLf;Fk; xsp%yk;> 
<hpy;yhj; njhiytpy; ,Uf;Fk;. 

3. Ma;tf epge;jidfspd; mbg;gilapy; 
Ftpnyd;];fs; gad;gLj;jg;gltpy;iy 

Ma;tf epge;jidfspd; mbg;gilapy; 
Ftpnyd;];fs; gad;gLj;jg;gLfpd;wd. 

4. cw;W Nehf;fy; kw;Wk; Ma;T nra;tJ 
fbdk;  

cw;W Nehf;fy; kw;Wk; Ma;T nra;tJ 
vspJ  
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xg;gplj;jf;f mstpy; cs;sjhy; tpspk;G tpisT Vw;gLfpd;wJ. xspapYk; tpspk;G tpisT 
Vw;gl> jilapd; msT xspapd; miyePsj;Jld; xg;gplj;jf;f mstpy; ,Uf;f Ntz;Lk;.  
 
g;undy; kw;Wk; g;uhNdh/gh; (Fresnel and Fraunhofer) tpspk;G tpisTfs;:  
 
tpspk;G tpistilAk; miyKfg;gpd; tbtj;ijg; nghUj;J g;undy; kw;Wk; g;uhNdh/gh; 
tpspk;G tpisT vd ,Utifg;gLj;jyhk;. g;nudy; kw;Wk; g;uhNdh/gh; tpspk;G 
tpisTfSf;fpilNaahd NtWghLfs; fhl;lg;gl;Ls;sJ.  
 
cw;W Nehf;fy; kw;Wk; Ma;T nra;a g;uhNdh/gh; tpspk;G tpisT vspajhf ,Ug;gjhy; 
g;uhNdh/gh; tpspk;G tpisTg; gw;wp ehk; NkYk; gbf;fyhk;.  
 
xw;iwg; gpstpy; Vw;gLk; tpspk;G tpisT (Diffraction at single slit):  
 
AB mfyk; nfhz;l xw;iwg; gpsT xd;wpd; kPJ nrq;Fj;jhf tpOk; ,iz xspf;fw;iwiaf; 
fUJNthk;.  
 
tpspk;G tpistile;j xspf;fw;iw> njhiytpy; itf;fg;gl;Ls;s jpiuapy; tpOfpwJ gpstpd; 
ikaj;ij O vd;f. gpstpd; jsj;jpw;Fr; nrq;Fj;jhf C Gs;sp topNa nry;Yk; Neh;NfhL 

jpiuapy; O vd;w Gs;spia milfpwJ. jpiuapy; VNjDk; xU Gs;spapd; mjhtJ P 
Gs;spapd; xspr;nrwpitf; ehk; fz;Lgpbf;fyhk;. gpstpd; ntt;NtW Gs;spfspy; ,Ue;J P I 
milAk; Neh;NfhLfis ehk; nrq;Fj;Jf; NfhNlhL θ Nfhzj;ij Vw;gLj;Jk; ,iz 
NfhLfshff; fUjyhk;.  
 
gpstpd; ntt;NtW Gs;spfspypUe;J tUk; ,iz xsp miyfs; jpiuapy; P Gs;sp kw;Wk; 
,ju Gs;spfspy; xd;iw xd;W FWf;fpl;Lj; njhFgad; xspr;nrwpitf; nfhLf;fpd;wd. P 
Gs;sp> tbtpay; uPjpahd epoy; gFjpapy; cs;sJ. tpspk;G tpistpd; fhuzkhf> ,g;gFjp 
tiu ikag;ngUkk; gutp fhzg;gLfpwJ. jpiuapy; cs;s Gs;sp P ntt;NtW rpWkq;fis 
miltjw;fhd epge;jidfisf; ehk; fhzNtz;Lk;. gpsit ,ul;ilg;gil vz;zpf;ifAila 
rpWrpW gFjpfshfg; gphpj;Jf; nfhz;lhy; mg;gFjpapypUe;J tUk; xsp miyfspd; ghij 
NtWghLfs; xd;wpide;J> P Gs;spapy; mopTf; FWf;fPl;Ltpisit Vw;gLj;jp> rpWk xspr; 
nrwpit cz;lhf;FfpwJ. ngUkq;fis tpsf;Ftjw;F> gpsit xw;iwg;gil 
vz;zpf;ifAila rpWgFjpfshfg; ghh;j;Jf;nfhs;s Ntz;Lk;.  
 
P Gs;spapy; Kjy; rpWkk; Vw;gLtjw;fhd epge;jid:  
 
gpsT AB I AC kw;Wk; CB vd;w ,uz;L miug;gFjpfshf gphpj;Jf; nfhs;s Ntz;Lk;. 

jw;NghJ AC apd; mfyk; ( /2) MFk;. gpstpy; ( /2)  mfyKila ntt;NtW Gs;spfSf;F 

xj;j Gs;spfs; (Corresponding points) vd;W ngah;.  
 
ntt;NtW xj;j Gs;spfspypUe;J tUk; xsp miyfs; P Gs;spapy; xd;Wld; xd;W 
Nkw;nghUe;jp mopTf; FWf;fPl;L tpisit Vw;gLj;jp. Kjy; rpWkj;ij Vw;gLj;JfpwJ. xj;j 

Gs;spfspypUe;J tUk; xsp miyfspd; ghij NtWghL> sin
2

a =  

P Gs;spapd; Kjy; rpWkk; Njhd;Wtjw;fhd epge;jid> sin
2 2

a  =  

  sina  =  (Kjy; rpWkk;)  

 
P Gs;spapy; ,uz;lhtJ rpWkk; Njhd;Wtjw;fhd epge;jid:  
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AB gpsit a/4 mfyk; nfhz;l ehd;F gFjpfshfg; gphpj;Jf; nfhs;s Ntz;Lk;. gpstpd; 

eLNt a/4 mfyk; nfhz;l xj;j Gs;spfspypUe;J tUk; xsp miyfSf;F ,ilNaahd 

ghij NtWghL> sin
4

a =  

 

P Gs;spapy; ,uz;lhk; rpWkk; Njhd;Wtjw;fhd epge;jid> sin
4 2

a  =  

   sin 2a  =  (,uz;lhtJ rpWkk;;)  
 
Gs;spapy; %d;whtJ rpWkk; Vw;gLtjw;fhd epge;jid: 
 
Kd;dh; $wpathNw> gpsit MW rk gphpTfshfg; gphpj;Jf;nfhs;s Ntz;Lk;. P Gs;spapy; 

%d;whtJ rpWkk; Vw;gLtjw;fhd epge;jid> sin
6 2

a  =  

   sin 3a  =  (%d;whtJ rpWkk;)  
 

,q;F sin θ vd;gJ tpspk;G tpistpd; Nfhz gutiyf; nfhLf;fpwJ. Njhuhakhf;fypd; 

mbg;gilapy; jpiuapd; ikaj;jpypUe;J y njhiytpy; mike;Js;s ngUkk; my;yJ 

rpWkj;jpd; epiyia sin θ tpw;F gjpyhf tan θ nfhz;Lk; tpthpf;fyhk;. (Vnddpy; θ 

kpfTk; rpwpaJ) vdNt sin tan
y

D
 = =  

 
,q;F> y vd;gJ jpiuapd; ikaj;jpypUe;J ngUkk; my;yJ rpWkk; mike;Js;s 

epiyiaf; Fwpf;fpwJ. NkYk; D vd;gJ xd;iwg;gpstpypUe;J jpiu cs;s 
njhiyitf; Fwpf;fpwJ.  

 
P Gs;spapy; n tJ rpWkk; Vw;gl epge;jid:  
gpsit> 2n vz;zpf;ifAila (,uz;il ,yf;f vz;zpf;if) rkgFjpfshfg; 
gphpj;Jf;nfhs;s Ntz;Lk;. Xh; xj;j Gs;spapypUe;J tUk; xsp miyia kw;Nwhh; xj;j 
Gs;spapypUe;J tUk; xsp miy mopf;Fk; epiyapy; n tJ rpWkk; Vw;gl epge;jid> 

sin
2 2

a

n

 =  

   sina n =  (n tJ rpWkk;) 
ngUkq;fSf;fhd epge;jid:  
 
ngUk xspr;nrwpT Vw;gl> gpsit xw;iwg;gil vz;zpf;ifAila rkgFjpfshfg; 
gphpj;Jf;nfhs;s Ntz;Lk;. ,t;thW gphpg;gjdhy; VjhtJ xU xj;j Gs;spapypUe;J tUk; xsp 
miy mopf;fg;glhky; ,Uf;Fk;. vdNt> P Gs;sp ngUk xspr;nrwptpy; fhzg;gLk;.  

   sin
3 2

a  =  (my;yJ) 
3

sin
2

a
 =  

,uz;lhk; ngUkj;jpw;fhd epge;jid>     

sin
5 2

a  =  (my;yJ) 
5

sin
2

a
 =  

%d;whk; ngUkj;jpw;fhd epge;jid>  

   sin
7 2

a  =  (my;yJ) 
7

sin
2

a
 =  

,NjNghd;W> n tJ ngUkj;jpw;fhd epge;jid  
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   sin (2 1)
2

a n
 = +  (tJ ngUkk;) 

 
,q;F n = 0, 1, 2, 3 ……, vd;gJ ngUkq;fspd; thpirahFk;.  
 
ika thpir ngUkj;jpw;F> Rop thpir ngUkk; vd;W ngah;. mLj;jLj;j rpWkq;fSf;F 
fpl;lj;jl;l eLNt ngUk xspr;nrwpT fhzg;gLk;. 
 
Kjy; rpWkj;ijg; gw;wpa tpsf;fk;  
Kjy; rpWkj;jpw;fhd epge;jidiaf; fUJf. ,q;F n = 1 
  sina  =  

Kjy; rpWkj;jpd; Nfhz guty;> sin
a

 =  

,jw;fhd rpwg;G Neh;Tfs; gpd;tUkhW:  
 

1. a < λ vDk; NghJ> tpspk;G tpisT rhj;jpaky;y. Vnddpy; sin θ vg;NghJk; xd;iwtpl 
mjpf kjpg;igg; ngwhJ.  

2.  a   vDk; NghJ> tpspk;G tpisT rhj;jpakhFk;. 

a  , vdpDk; NghJ> tpspk;G tpisT rhj;jpakhFk;.  

a = λ vdpy; sin θ = 1 mjhtJ θ = 90˚ ,jd; nghUs; Kjy; rpWkk;  90˚ ,y; Vw;gLfpwJ 
vd;gjhFk;. vdNt> tbtpay; uPjpahd epoy; gFjp KOtJk; ikag;ngUkk; gutp> 
tpspk;G tpisTf; fjpiu 90˚ tisf;fpwJ.  
a>>λ, tpw;F sin θ << 1 mjhtJ> Kjy; rpWkk; gpstpd; myfj;jpw;Fs;shfNt mikAk;. 
vdNt> tpspk;G tpisitf; fhz ,ayhJ.  
 

3. a > λ kw;Wk; miyePsj;Jld; xg;gplj;jf;f mstpy; mikAk; NghJ mjhtJ a = 2 λ 

vDk; NghJ> sin θ = 1

2 2a

 


= = . vdNt θ = 30˚ Nkw;fz;l %d;W Neh;TfSk; tpspk;G 

tpistpidj; njspthff; fhZk; topKiwahFk;.  
4.  

g;undy; njhiyT:  
 
xspapd; Neh;Nfhl;Lg; guty;> fjph; xspapaypy; rhj;jpakhFk; njhiytpw;F g;undy; njhiyT 
vd;W ngah;. tpspk;G tpisT epfo;tpy; xsp miy tise;J nry;Yk; ,e;j xspapd; tisAk; 
gz;G mjd; Neh;Nfhl;L gutYf;F Kw;wpYk; vjpuhdjhFk;. Mdhy; ,e;j tpisT 
ikag;ngUkj;ij flf;Fk; tiu ve;j Kf;fpaj;Jtj;ijAk; ngwhJ. mjhtJ z njhiyitf; 
flf;Fk; tiu ve;j Kf;fpaj;Jtj;ijAk; ngwhJ. vdNt> g;nudy; njhiyT vd;gJ ve;j 
njhiyT tiu xsp> fjph; xspapaYf;F fl;Lg;gLfpwNjh my;yJ fjph; xspapaYf;F 
fl;Lg;glhky; miy xspapaYf;F fl;Lg;glj;njhlq;FfpwNjh me;jj; njhiyNt g;undy; 
njhiyT vdg;gLk;.  
 
Kjy; rpWkj;jpw;fhd tpspk;G tpisTr; rkd;ghL  
 
g;undy; njhiytpd; tiuaiwapypUe;J>  

   sin 2 ;2
a a

z z
 = =  

 
,uz;L rkd;ghLfisAk; xg;gpLk; NghJ>  

   
2

a

a z


=  

vdNt> g;undy; njhiyT z  
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2

2

a
z


=  

 
FWf;fPl;L tpistpw;Fk;> tpsk;G tpistpw;Fk; cs;s NtWghLfs;:  
 
FWf;fPl;L tpisT kw;Wk; tpsk;GtpisT ,uz;ilAk; NtWgLj;jpg;ghh;g;gJ kpfTk; 
fbdkhFk;. Vnddpy;> ,t;tpuz;L gz;GfSk; xspapd; miyg;gz;gpdhy; Vw;gLtdthFk;. 
,t;tpuz;L epfo;TfspYk; xsp tbtpay; uPjpahd epow;gFjpia mile;J xd;Wld; xd;W 
FWf;fPL mile;J ngUkq;fs; kw;Wk; rpWkq;fisj; Njhw;Wtpf;fpd;wd. ,Ue;jNghjpYk;> 
,t;tpuz;L tpisTfspd; Njhw;wj;jpd; mbg;gilapy; gpd;tUk; NtWghLfs; fz;Lzug;gl;L 
nfhLf;fg;gl;Ls;sd.  
 
fPw;wzpapy; Vw;gLk; tpspk;G tpisT:  
 
tpspk;G tpisTf; fPw;wzpapy; rk mfyKila> mjpf vz;zpf;ifapy; mike;j gpsTfs; 
fhzg;gLfpd;wd. gpsTfspd; mfyk; tpspk;G tpistilAk; xspapd; miyePsj;Jld; 
xg;gplj;jf;f mstpy; mike;jpUf;Fk;. xspGFk; nghUspd; kPJ itu Crpapidf; nfhz;L 
xspGfhf; NfhLfs; tiuag;gl;bUf;Fk;. tzpfuPjpapy; nray;gLk; etPd tpspk;G tpisTf; 
fPw;wzpapy; xU nrd;bkPl;lhpy; 6000 xspGfhf; NfhLfs; tiuag;gl;bUf;Fk;. jilNghd;W 
nray;gLk; xspGfhf; NfhLfspd; mfyj;ij b vdTk;> xspGfhf; NfhLfSf;F eLNt 

mike;Js;s JisNghd;W nray;gLk; xspGFk; gFjpapd; mfyj;ij a vdTk; nfhs;f. Xh; 
xspGfhf; NfhL kw;Wk; Xh; xspGFk; gpsT Mfpatw;wpd; nkhj;j mfyj;jpw;F fPw;wzp %yk; 
(e = a + b) vd;W ngah;. mLj;jLj;j gpsTfspy; cs;s> fPw;wzp %yj;jpw;Fr; rkkhd 
njhiytpy; mike;Js;s Gs;spfSf;F xj;j Gs;spfs; vd;W ngah;.  
  
FWf;fPl;L tpisT kw;Wk; tpspk;G tpisTfSf;F ,ilNa cs;s NtWghLfs;  
 
t.vz; FWf;fPl;L tpisT  tpspk;G tpisT  

1. ,uz;L xsp miyfs; xd;wpd; 
kPJ kw;nwhd;W 
Nkw;nghUe;Jfpd;wd 

jilapd; tpspk;gpy; xsp miyfs; 
tise;J nry;fpd;wd.  

2. ,uz;L ntt;NtW xhpay; 
%yq;fspypUe;J tUk; 
miyKfg;Gfs; 
Nkw;nghUe;Jfpd;wd 

xNu miyKfg;gpy; cs;s gy;NtW 
Gs;spfspypUe;J tUk; miyKfg;Gfs; 
Nkw;nghUe;Jfpd;wd 

3. Xspg;gl;ilfSf;F ,ilNa 
cs;s njhiyT rkk; 

rkkw;w ,ilntspfspy; xspg;gl;ilfs; 
Njhd;Wfpd;wd.  

4. vy;yh nghypTg;gl;ilfSk; 
fpl;lj;jl;l xNu xspr;nrwpitg; 
ngw;wpUf;Fk; 

cah; thpir tpspk;G 
tpisTg;gl;ilfspd; xspr;nrwpT 
Ntfkha;f; FiwAk; 

5. Xspg;gl;ilfspd; vz;zpf;if 
mjpfk; 

xspg;gl;ilfspd; vz;zpf;if FiwT  

 
rkjs tpspk;G tpisTf; fPw;wzp AB If; fUJf. ,f;fPw;wzpapy;> rk mfyk; a nfhz;l 

mLj;jLj;j gpsTfSk;. rk mfyk; b nfhz;l xspGfhf; NfhLfSk; mike;Js;sd. λ 
miyePsKila xw;iwepwr; rkjs miyKfg;G xd;W fPw;wzpapd; kPJ nrq;Fj;jhf 
tpOfpd;wJ vdf; fUJf. fPw;wzpapd; kPJ tpOk; xspapd; miyePsk;> gpstpd; mfyj;Jld; 
xg;gplj;jf;f mstpy; cs;sjhy;> fPw;wzpahy; mt;nthsp tpspk;G tpisT milAk;. 
Ftpnyd;]; xd;iw gad;gLj;jp tpspk;Gtpistile;j miyfis jpiuapd; kPJ Ftpj;jhy;> 
tpspk;G tpisTg;gl;il mikg;G fpilf;Fk;. fPw;wzpapd; ikaj;jpypUe;J jpiuf;F 
tiuag;gl;l nrq;Fj;Jf; Nfhl;Lld; Nfhzj;jpy; mike;Js;s vd;w Gs;spiaf; fUJf. xU 
N[hb xj;j Gs;spfspypUe;J nrd;w tpspk;G tpistile;j miyfSf;fpilNaahd ghij 
NtWghL  
    δ = (a + b) sin θ 
midj;J N[hb xj;jGs;spfSf;Fk; ,g;ghij NtWghL rkkhFk;. P Gs;sp nghypTld; ,Uf;f> 
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 δ = m λ ,q;F m = 0, 1, 2, 3  
Nkw;fz;l ,uz;L rkd;ghLfisAk; xg;gpLk;NghJ>  
   (a + b) sin θ = m λ 
,q;F m vd;gJ tpspk;G tpisT thpirahFk;.  
 
Rop thpirg; ngUkj;jpw;fhd epge;jid> m = 0  
(a + b) sin θ = 0 vdpy;> tpspk;G tpisTf; Nfhzk; θ = 0. sin θ = 0 kw;Wk; m = 0 ,jw;F Rop 
thpirg; ngUkk; my;yJ ikag;ngUkk; vd;W ngah;.  
 
Kjy; thpirg; ngUkj;jpw;fhd epge;jid m = 1 
(a + b) sin θ1 = λ vdpy;> tpspk;G tpistile;j xsp gLk; xspapd; jpirAld; θ1 Nfhzj;ij 
Vw;gLj;Jk;. NkYk;> Kjy;thpirg; ngUkk; fpilf;Fk;.  
 
,uz;lhk; thpirg; ngUkj;jpw;fhd epge;jid:  
 
(a + b) sin θ2 = 2λ vdpy;> tpspk;G tpistile;j xsp gLk; xspapd; jpirAld; θ2 Nfhzj;ij 
Vw;gLj;Jk;. NkYk;> ,uz;lhk; thpir ngUkk; fpilf;Fk;.  
 
cah; thpirg; ngUkk; fpilf;f epge;jid:  
 
ikag; ngUkj;jpd; ,uz;L gf;fq;fspYk; ntt;NtW Nfhz epiyfspy; cah;thpirg; 
ngUkq;fs; fpilf;Fk;.  
 ,t;thwhf vLj;Jf;nfhz;lhy;>  

   
1

N
a b

=
+

 

fPw;wzpapy; XuyF mfyj;jpw;F tiuag;gl;l fPw;wzp %yq;fs; my;yJ xspGfhf; NfhLfspd; 
vz;zpf;ifia N nfhLf;Fk;. nghJthf> fPw;wzpapNyNa N ,d; kjpg;G vOjg;gl;bUf;Fk;. 
vdNt>  

   
1

sin m
N

 =  my;yJ sin Nm =  

 

Xw;iwg;gpsT Ma;tpy; rpWkj;jpw;fhd epge;jid sina n =  ,q;F n vd;gJ> 

rpWkq;fspd; thpiaf; Fwpf;Fk;. Mdhy; tpspk;G tpisTf; fPw;wzp Ma;tpy; 
ngUkj;jpw;fhd epge;jid sin Nm = . ,q;F m vd;gJ ngUk tpspk;G tpisT 

thpiriaf; Fwpf;Fk; vd;gij khzth;fs; ftdKld; epidtpy; itj;jpUf;f 
Ntz;Lk;. 
 
 
xw;iwepw xspapd; miyePsj;ijf; fhz;gjw;fhd Nrhjid:  
 
tpspk;G tpisTf; fPw;wzp kw;Wk; epwkhiykhzpiaf; nfhz;L epwkhiythpapd; 
miyePsj;ijj; Jy;ypakhff; fz;lwpayhk;. epwkhiykhdpapd; njhlf;f rPuikg;Gfis 
rhpnra;a Ntz;Lk;. miyePsk; fhzNtz;ba xw;iw epw xspapdhy; ,izahf;fpapd; 
gpstpid xspA+l;l Ntz;Lk;. njhiyNehf;fpapid ,izahf;fpf;F Neuhf mikj;Jg; gpstpd; 
Neub gpk;gj;jpidf; fhz Ntz;Lk; ,izahf;fpypUe;J tUk; gLk; xsp miyf;Fr; 
nrq;Fj;jhf cs;sthW tpspk;G tpisTf; fPw;wzpia Kg;gl;lf NkilkPJ mikf;fNtz;Lk;. 
Kjy; thpir tpspk;G tpisT gpk;gk;> njhiyNehf;fpapy; cs;s fz;zUF tpy;iyapd; 
nrq;Fj;Jf; FWf;Ff;fk;gpAld; xd;wpizAk; tifapy; njhiy Nehf;fpapid xU gf;fkhfr; 
Row;w Ntz;Lk;. njhiyNehf;fp mike;Js;s epiyf;fhd mstPLfisf; Fwpj;Jf;nfhs;s 
Ntz;Lk;.  
 
,NjNghd;W kw;nwhU gf;fkhf njhiyNehf;fpiar; Rw;wp Kjy;thpir tpspk;G tpisT gpk;gk; 
nrq;Fj;Jf; FWf;Ff;fk;gpAld; xd;wpidAk; tifapy; mikj;J mstPLfisf; Fwpj;Jf; 
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nfhs;s Ntz;Lk;. ,uz;L epiyfSf;Fk; ,ilNa cs;s NtWghL 2θ itf; nfhLf;Fk;. 
,jd; kjpg;gpy; ghjp> Kjy;thpir ngUkj;jpw;fhd tpspk;G tpisTf; Nfhzj;ijf; nfhLf;Fk; 
(θ) xspapd; miyePsk; gpd;tUk; rkd;ghl;bdhy; fzf;fplg;gLfpwJ.  
 

   
sin

Nm

 =    

,q;F N vd;gJ xU kPl;lh; ePsj;jpy; tiuag;gl;l NfhLfspd; vz;zpf;ifahFk;. NkYk; m 
vd;gJ tpspk;G tpisT gpk;gj;jpd; thpirahFk;.  
 
ntt;NtW tz;zq;fspd; miyePsq;fisf; fz;lwpjy;:  
nts;is xspiag; gad;gLj;Jk;NghJ> ikag;nghyptpd; ,uz;L gf;fq;fspYk; njhlh;r;rpahd 
tz;z tpspk;G tpisTg;gl;ilfs; Njhd;Wk;. ikag;ngUkk; ntz;ikepwj;jpYk;> midj;J 
tz;zq;fSk; vt;tpj ghijNtWghLk; ,d;wp> xd;iw xd;W tYT+l;Lk; tifapy; 
xd;wpizAk;> θ mjpfhpf;Fk; NghJ> ghij NtWghL (a + b) sin θ Cjh Kjy; rptg;Gtiu 
cs;s midj;J tz;zq;fspd; ngUk tpspk;G tpisT epge;jidfspd; topNa 
fle;Jnry;Yk;. ,J ikag;nghyptpd; ,uz;Lg;gf;fq;fspYk; Cjh Kjy; rptg;G tiuAs;s 
epwkhiy mikg;ig cUthf;Fk;. ntt;NtW thpirfisf; nfhz;l tpspk;GtpisTf; 
Nfhzq;fisf; fz;lwpe;J> tz;zq;fspd; miyePsq;fisg; gpd;tUk; rkd;ghl;bidg; 
gad;gLj;jpf; fzf;fplyhk;.  

    
sin

Nm

 =  

,q;F N vd;gJ fPw;wzpapy; xU kPl;lh; ePsj;jpy; tiuag;gl;l NfhLfspd; vz;zpf;ifiaAk;> 

m vd;gJ tpspk;G tpisT gpk;gj;jpd; thpiriaAk; Fwpf;Fk;.  
 
gphpj;jwpjy; (Resolution)  
 
Ez;Nzhf;fp kw;Wk; njhiyNehf;fp Nghd;w xspapay; fUtpfspy; Njhd;Wk; gpk;gq;fspy; 
Vw;gLk; tpspk;G tpisT tpUk;gj;jfhj xd;whFk;. xw;iwg;gpstpy; ikag;nghypT Vw;gLj;Jk; 
miuf;Nfhz (my;yJ Kjy; rpWkj;jpd; epiy) gpd;tUk; rkd;ghl;bdhy; toq;fg;gLfpwJ. 
    

sin  =  

xw;iwg;gpsT Nghd;Nw> tl;ltbtj;Jis xd;W (nyd;]; my;yJ fUtpop Nghd;wit) 
Gs;spg;nghUspd; gpk;gj;ij Vw;gLj;Jk; NghJ> mg;gpk;gk; Gs;spg; nghUs; Nghd;W Njhd;whky; 
ikaj;ijtpl;L tpyfpr;nry;Yk; NghJ xU ika tisaq;fSk; kq;fyhfj; njhpAk;. 
,tw;Wf;F maphp]; jl;Lfs; (Airy’s discs) vd;W ngah;. ikag; ngUk tl;lj;jpd; miuf; 
Nfhzg;guty; gpd;tUk; rkd;ghl;bdhy; toq;fg;gLfpwJ.  
   sin 1.22  =  
vz; kjpg;G tl;lj;Jis Vw;gLj;jpa ikag; ngUkj;jpdhy; Vw;gLfpwJ. ,jid tpsf;Ftjw;F 
cah; fzpjk; Njitg;gLtjhy; ,jidg; gw;wp cah;tFg;Gfspy; gbf;fyhk;.  
 
rpwpa Nfhzq;fSf;F> sin    

   1.22 =  
rkd;ghl;bid NkYk; khw;wpaikf;Fk; NghJ>  

   
1.22


=  kw;Wk; 0 1.22r

f




=  

    0

1.22 f
r




=  

    
 
mUfUNf mike;Js;s Gs;sp xsp%yq;fspdhy; Vw;gLk; gpk;gq;fspd; tpsk;G tpisT 
mikg;Gfs; xd;Wld; xd;W Nkw;nghUe;jp> fhl;bAs;sthW kq;fyhd gpk;gj;ijj; jpiuapy; 
Njhw;Wtpf;Fk;. ,uz;L xsp %yq;fspd; gpk;gq;fisr; rpwg;ghfr; ngWtjw;F> ,uz;L Gs;sp 
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xsp%yq;fSk; ed;F gphp;j;jwpag;gl;bUf;f Ntz;Lk;. mjhtJ> ,uz;L Gs;sp xsp%yq;fspd; 
gpk;gq;fs; xd;Wld; xd;W Nkw;nghUe;jh tz;zk; gphpf;fg;gl;bUf;f Ntz;Lk;. ,uhNyapd; 
(Rayleigh’s) epge;jidapd;gb ,uz;L Gs;sp xsp%yq;fs; ed;F gphpj;jwpag;gl Ntz;Lnkdpy;> 
,t;tpuz;L xsp %yq;fspd; tpspk;G tpisT gpd;tUkhW mika Ntz;Lk;. mjhtJ Kjy; 
gpk;gj;jpd; ikag; ngUkk;> ,uz;lhtJ gpk;gj;jpd; Kjy; rpWkj;Jld; xd;wpiza Ntz;Lk;. 
,NjNghd;W> ,uz;lhtJ gpk;gj;jpd; ikag; ngUkk;> Kjy; gpk;gj;jpd; Kjy; rpWkj;Jld; 
xd;wpiza nghUspd; gphpj;jwpag;gl;l gpk;gq;fs; vd miof;fg;gLk;. ,uhNyapd; 
epge;jidiag; ‘gphpj;jwpjypd; vy;iy’ vd;Wk; miof;fyhk;.  
 
,uhNyapd; epge;jidapd;;gb> ,uz;L Gs;sp xsp %yq;fs; gphpj;jwpag;gl Ntz;Lnkdpy;> 
mtw;wpd; gpk;gq;fSf;fpilg;gl;l njhiyT Fiwe;jgl;rk; ro njhiyT ,Uf;f Ntz;Lk;. 

Nfhzg; gphpj;jwpjypd; myF Nubad; (rad). NkYk;> ,J gpd;tUk; rkd;ghl;by; 
toq;fg;gLfpwJ.  

    
1.22


=  

rpwg;ghd gphpj;jwpjYf;F Kjy; thpir tpspk;G tpisTf; Nfhzk; kpfr;rpwpajhf ,Uf;f 
Ntz;Lk;. NkYk;> gad;gLj;jg;gLk; xspapd; miy ePsk; rpwpajhf ,Uf;f Ntz;Lk; kw;Wk; 
gad;gLj;jg;gLk; fUtpapd; Jisapd; msT nghpajhf ,Uf;f Ntz;Lk;. ,lk;rhh; 
gphpj;jwpjiyf; fzf;fplg; gad;gLfpwJ.  
 
gphpj;jwpjypd; jiyfPopf;Fg; gphpjpwd; vd;W ngah;. ,jpypUe;J fUtpfs; rpwpa gphpj;jwpjy; 
nghpa gphpjpwidf; nfhLf;Fk; vd mwpayhk;. gpk;gq;fisj; Njhw;Wtpg;gjd; %yk;> kpfr;rpwpa 
my;yJ mUfUNf cs;s nghUs;fisg; gphpj;;;Jg; ghh;f;Fk; my;yJ NtWgLj;jpg; ghh;f;Fk; 
jpwikf;F xspapay; fUtpapd; gphpjpwd; vd;W ngah;. nghJthfg; gphpj;jwpjy; vd;w nrhy; 
cUthFk; gpk;gj;jpd; juj;ijAk;> gphpjpwd; vd;gJ xspapay; fUtpapd; gphpj;jwpAk; 
jpwikiaAk; Fwpf;Fk;.  
 
xspapd; jstpisT (Polarisation)  
 
xspapd; Fwpf;fPl;L tpisT kw;Wk; tpspk;G tpisT gw;wpa epfo;Tfis tpsf;Fk; NghJ> xsp 
miytbtpy; guTfpwJ vd;W ehk; fUjpNdhk;. Mdhy; FWf;fiy tbtpyh my;yJ 
nel;liy tbtpyh vd mWjpapl;Lf; $wtpy;iy. xspapd; jstpisT epfo;T> xsp 
FWf;fiyahfj;jhd; guTfpwJ vd;gij Neubahf ekf;F tpsf;FfpwJ. xsp kpd;fhe;j 
miyahfg; guTfpd;wJ. NkYk;> kpd;fhe;j miy xU FWf;fiy MFk;. xspmiy guTk; 
jpirf;Fr; nrq;Fj;jhf cs;s xU Fwpg;gpl;l jpirapy; xspapd; mjph;Tfis (kpd;Gyk; 
my;yJ fhe;jg;Gy ntf;lh;) mDkjpf;Fk; epfo;r;rpf;F xspapd; jstpisT vd;W ngah;. ,e;j 
myfpy; Ghpe;J nfhs;tjw;F vspikahf ,Uf;f> kpd;Gyk; kl;LNk vLj;Jf;nfhs;sg;gl;Ls;sJ.  
 
KOtJk; jstpistile;j xsp (Plane Polarized Light) 
FWf;fiy xd;W: miyguTk; jpirf;Fr; nrq;Fj;jhf cs;s jsj;jpy;> midj;J 
jpirfspYk; mjph;Tfisg; ngw;wpUg;gijf; fhl;LfpwJ. ,t;thW midj;Jj; jpirfspYk; 
mjph;Tfisg; ngw;Ws;s xsp miyfs; jstpistw;w xsp vd;W ngah;. jstpistw;w 
xspapd; midj;j mjph;TfSk; ,U nrq;Fj;Jf; $Wfshfg; gphpj;Jf; fhl;lg;gl;Ls;sd. 
miyguTk; jpirf;Fr; nrq;Fj;jhf cs;s jsj;jpy; xU jpirapy; kl;Lk; mjph;Tfisg; 
ngw;Ws;s xsp miy> jstpisTw;w xsp my;yJ KOtJk; jstpisTw;w xsp vd 
miof;fg;gLk;. Mfpait KOtJk; jstpisT mile;j xspiaf; fhl;Lfpd;wd.  
 
jstpistw;w kw;Wk; KOtJk; jstpisT mile;j xsp miyfs; kpd;Gy ntf;lh;fisf; 
nfhz;Ls;s jsj;jpw;F> mjph;TWj;jsk; (ABCD) vd;W ngah;. xspf;fw;iwiaf; nfhz;Ls;s> 

mjph;Tj;jsj;jpw;Fr; nrq;Fj;jhf cs;s jsj;jpw;F jstpisTj;jsk; (EFGH) vd;W ngah;.  
 
jstpisT mile;j kw;Wk; jstpisT milahj xspf;fw;iwfspd; rpy gz;Gfs; 
tpthpf;fg;gl;Ls;sd. 
 
jstpisT Mf;Fk; El;gq;fs; (Polarisation techniques):  
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jstpistw;w xspia> gy;NtW El;gq;fisg; gad;gLj;jpj; jstpisT mile;j xspahf 
khw;wyhk;. ,q;F> gpd;tUk; ehd;F Kiwfisg; gw;wp kl;Lk; gbf;fyhk;.  
 

1. Njh;e;njLf;fg;gl;l cl;fth;jy; %yk; jstpisT Mf;fk;  
 

2. vjpnuhspg;gpd; %yk; jstpisT Mf;fk;  
 

3. ,ul;il xsptpyfypd; %yk;> jstpisT Mf;fk;  
 

4. xspr;rpjwy; %yk; jstpisT Mf;fk;  
 
Njh;e;njLf;fg;gl;l cl;fth;jy; (my;yJ) njhpT cl;fth;jy; %yk; jstpisT Mf;fk; 
(Polarisation by Selective absorption) 
 
njhpT cl;fth;jy; vd;gJ nghUspd; xU gz;ghFk;. Fwpg;gpl;l xUq;fikT jpirf;F 
,izahf cs;s jsj;jpy; kl;Lk; kpd;Gy mjph;Tfisg; ngw;Ws;s xsp miyfisj; 
jd;topNa nry;y mDkjpj;Jk;> kw;w midj;J xsp miyfisAk; cl;ftUk; nghUspd; 
,g;gz;gpw;Fj; njhpT cl;fth;jy; my;yJ Njh;e;njLf;fg;gl;l cl;fth;jy; vd;W ngah;.  
 
Nghyuha;Lfs; (Polaroids) my;yJ jstpisT Mf;fpfs; vd;git> nky;ypa tzpfuPjpahfg; 
gad;gLk; jfLfshFk;. ,it> njhpT cl;fth;jy; gz;ig mbg;gilahff; nfhz;L> mjpfr; 
nrwpT nfhz;l KOtJk; jstpisT mile;j xsp miyfis cUthf;Ffpd;wd. njhpT 
cl;fth;jiy> ,Utz;zj; jd;ik (dichroism) vd;Wk; miof;fyhk;. 1932 ,y; mnkhpf;f 

mwptpay; mwpQh; vl;tpd; yhz;l; (Edwin  
 
jstpisT mile;j kw;Wk; jstpisT milahj xspf;fw;iwfspd; rpy gz;Gfs;:  
 
t.vz; jstpisT  jstpisT milahj xsp 
1. Xspf;fjph;guTk; jpirf;Fr; nrq;Fj;jhf 

cs;s xNu xU jsj;jpy; kl;Lk; kpd;Gy 
ntf;lh;fs; mjph;Tfisg; ngw;wpUf;Fk; 

Xspf;fjph; guTk; jpirf;Fr; 
nrq;Fj;jhf cs;s midj;J 
jpirfspYk; kpd;Gy 
ntf;lh;fspd; mjph;Tfs; 
rkkhfg; gq;fplg;gl;bUf;Fk;  

2. Xspf;fjph; guTk; jpiriag; nghUj;J 
rkr;rPuw;wJ 

Xspf;fjph; guTk; jpiriag; 
nghUj;J rkr;rPuhdJ  

3. jstpisT Mf;fpfisg; gad;gLj;jp> 
jstpisT milahj xspapypUe;J> 
jstpisT mile;j xsp ngwg;gLfpwJ 

Kughd xsp %yq;fspypUe;J 
,t;ifahd xsp fpilf;fpwJ. 

 
(Land) vd;gth; jfL tbtpyhd jstpisT Mf;fpfis cUthf;fpdhh;. ,aw;ifapy; 

fpilf;Fk; jstpisT Mf;fp lh;kiyd; (Tourmaline) MFk;. jstpisT Mf;fpfisr; 

nraw;ifahfTk; cUthf;fyhk;. rpwpa Crp tbtpyhd Fapdpd; mNahNlhry;Ngl; (Quinine 
iodosulphate) gbfq;fs;> xspiaj; jstpisT Mf;Fk; gz;gpidg; ngw;Ws;sd vdf; 
fz;lwpag;gl;Ls;sJ. ,uz;L xspGFk; gpsh];bf; jfLfSf;F eLNt mjpf vz;zpf;ifahy; 
,g;gbfq;fspd; mr;Rfs; xd;Wf;nfhd;W ,izahf cs;sthW mikj;J> mjidg; 
Nghyuha;lhfg; gad;gLj;jyhk;. jw;fhyj;jpy; ghyptpidy; My;f`hy; (Polyvinyl alcohol) 
nky;NyLfisg; gad;gLj;jpg; Nghyuha;Lfs; cUthf;fg;gLfpd;wd. ,it> mjpf xspflj;Jk; 
jd;ik nfhz;l epwkw;w gbfq;fshFk;. NkYk; rpwe;j Kiwapy; xspia> jstpisT 
milar; nra;Ak;. Nghyuha;Lfs; gy;NtW tiffspy; gad;gLfpd;wd. mtw;wpy; xU gad;ghL 
fhl;lg;gl;Ls;sJ.  
 
jstpisT Mf;fp kw;Wk; jstpisT Ma;tp (Polarisar and Analyser) 
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jistpisT mw;w xspf;fw;iw xd;iwf; fUJNthk;. xspguTk; jpirf;Fr; nrq;Fj;jhf 
cs;s midj;Jj; jpirfspYk; jstpistw;w xspf;fw;iw mjph;Tfisg; ngw;wpUf;Fk;. ,J 
xspf;fw;iw mjph;Tfisg; ngw;wpUf;Fk;. ,f;fw;iw P1 vd;w Ngyuha;L topNa nry;Yk; NghJ 
xU Fwpg;gpl;l jsj;jpy; kl;Lk; mjph;Tfs; mDkjpf;fg;gLfpd;wd. Nghyuha;by; ,Ue;J 
ntspNaWk; xspf;fw;iw kw;nwhU (P2) vd;w Nghyuha;L topNa nrYj;jg;gLfpwJ. xspf;fjpiu 

mr;rhff; nfhz;L P2 Nghyuha;ilr; Row;Wk;NghJ> P2 Nghyuha;bd; xU Fwpg;gpl;l epiyapy; 
xspr;nrwpT ngUkkhfpwJ. ,e;j epiyapypUe;J Nghyuha;il kPz;Lk; Row;Wk;NghJ 
xspr;nrwpT Fiwa Muk;gpj;J> P2 Nghyuha;L 90˚ I milAk; NghJ xspr;nrwpT Kw;wpYk; 
kiwe;JtpLfpwJ. kPz;Lk; Nghyuha;ilr; Row;Wk;NghJ kPz;Lk; xsp Njhd;w Muk;gpj;J 
gbg;gbahf xspr;nrwpT mjpfhpj;J 180˚ Row;rpapy; ngUk xspr;nrwpT fpilf;fpwJ. P1 
Nghyuha;by; ,Ue;J ntspNawpa xsp KOtJk; jstpisT mile;j xspahFk;. jd; topNa 
ghAk; jstpistw;w xspia> KOtJk; jstpisT mile;j xspahf khw;Wk; 
Nghyuha;Lf;Fj; (,q;F P1) ntspNawpa xsp KOtJk; jstpisT mile;j xspahFk;. jd; 
topNa ghAk; jstpistw;w xspia> KOtJk; jstpisT mile;j xspahf khw;Wk; 
Nghyuha;Lf;Fj; (,q;F P1) jstpisT Mf;fp vd;Wngah;. jd; topNa ghAk; xspia> 
jstpisT mile;j xspah? my;yJ jstpisT milahj xspah? vd Ma;T nra;Ak; 
Nghyuha;Lf;F (,q;F P2) jstpisT Ma;tp vd;W ngah;.  
 
jstpisT mw;w xspapd; nrwpT (I) vdpy;> KOtJk; jstpisT mile;j xspapd; nrwpT 

2

I 
 
 

 thf ,Uf;Fk;. kw;nwhU gq;F xspr;nrwpthdJ> jstpisT Mf;fpahy; jLf;fg;gLfpwJ.  

 
KOtJk; kw;Wk; gFjp jstpisT mile;j xsp:  
 
jstpisT Ma;tp RopapypUe;J 90˚ tiu xt;nthU Kiw Row;Wk; NghJk;> xspr;nrwpT 
Ropf;Fk; ngUkj;jpw;Fk; ,ilapy; khw;wkile;jhy;> mt;nthspia KOtJk; jstpisT 
mile;j xsp vd miof;fyhk;. ,jw;Ff; fhuzk; Xh; mr;rpy; mjph;Tfs; 
mDkjpf;fg;gLfpd;wd. ,t;tr;Rf;Fr; nrq;Fj;jhf cs;s mr;rpy; mjph;Tfs; Kw;wpYk; 
jLf;fg;gLfpd;wd. NtW tifapy; $WNthkhapd;> jstpisT Ma;tpapd; xt;nthU 90˚ 
Row;rpf;Fk; xspr;nrwpT ngUkj;jpw;Fk; rpWkj;jpw;Fk; ,ilapy; khw;wkile;jhy; me;j 
xspiag; gFjp jstpisT mile;j xsp vd miof;fyhk;. ,jw;Ff; fhuzk; Fwpg;gpl;l 
mr;rpy; xsp Kw;wpYk; jLf;fg;glhjNj MFk;. vdNt> Fiwe;j nrwpT Njhd;WfpwJ.  
 
khy]; (Malus’) tpjp  
jstpisT Ma;tpia gLfjphpd; jpirf;F nrq;Fj;jhd jpirapy; xU Fwpg;gpl;lf; 
Nfhzj;jpw;F Row;wp> KOtJk; jstpisT mile;j xspiag; jstpisT Ma;tp topahfg; 
ghh;f;Fk; NghJ> ntspNaWk; xspapd; nrwptpy; xU khw;wk; Vw;gLk;. (I0) nrwpT nfhz;l 

KOtJk; jstpisT mile;j xsp> jstpisT Ma;tpapy; tpOe;J (I) nrwpT nfhz;l 
xspahf jstpisT Ma;tpapypUe;J ntspNaWk;NghJ> mjd; nrwpT jstpisT Mf;fp 
kw;Wk; jstpisT Ma;tpapd; guT jsq;fSf;F ,ilNa cs;s Nfhzj;jpd; nfhird; 
kjpg;gpd; (θ) ,Ukbf;F Neh;tpfpjj;jpy; ,Uf;Fk;. ,jw;F khy]; tpjp vd;W ngah;. 1809 ,y; 
gpuQ;R mwpQh; E.N. khy]; ,jidf;fz;lwpe;jhh;.  

   I = I0 cos2 θ 
khy]; tpjpapd; ep&gzk; gpd;tUkhW> jstpisT Mf;fp kw;Wk; jstpisT Ma;tpapd; 
jsq;fs; fhl;bAs;sthW xd;Wf;nfhd;W θ Nfhzj;jpy; rha;e;Js;sd vdf;fUJf. jstpisT 

Mf;fpapypUe;J ntpNaWk; xspapd; kpd;Gy ntf;lhpd; nrwpit (I0) vdTk;> mjd; tPr;ir ( ) 

vdTk; nfhs;f. gLk; xspapd; tPr;R ( ) ,uz;L $Wfisg; ngw;Ws;sJ mit  cos θ kw;Wk; 
 sin θ MFk;. ,it KiwNa jstpisT Ma;tpapd; guTjsj;jpw;F (Plane of transmission) 
,izahfTk;> nrq;Fj;jhfTk; cs;sd.  
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 cos θ $W kl;Lk; jstpisT Ma;tpapd; topahf ntspNaWk;. jstpisT Ma;tpapd; 
topahf ntspNaWk; xspapd; nrwpT> jstpisT Ma;tpapd; topahf ntspNaWk; 
tPr;Rf;$wpd; ,Ukbf;F Neh;tpfpjj;jpy; ,Uf;Fk;. 
  I   (a cos θ)2  
  I = k (a cos θ)2 
,q;F k vd;gJ tpfpjkhwpyp  

    I = ka2 cos2 θ 

    2

0 cosI I =  

,q;F> I0 = Ka2 vd;gJ> jstpisT Ma;tpapd; topahf ntspNaWk; xspapd; ngUk 
xspr;nrwpthFk;.  
 
rpwg;G Neh;Tfs; gpd;tUkhW:  
 
Neh;T (i) θ = 0˚ my;yJ 180˚ vdpy; cos 0˚ = 1, vdNt> I = I0 
jstpisT Mf;fp kw;Wk; jstpisT Ma;tpapd; guT mr;Rfs; jpirfs; xd;Wf;nfhd;W 
,izahf my;yJ vjph; ,izahf cs;sNghJ> jstpisT Ma;tpapd; topahf ntspNaWk; 
xspapd; nrwpTk;> jstpisT Mf;fpapd; kPJ tpOk; xspapd; nrwpTk; rkkhFk;.  
 
Neh;T (ii) θ = 90˚ vdpy; cos 90˚ = 0, vdNt I = 0 >  
jstpisT Mf;fp kw;Wk; jstpisT Ma;tpapd; guT mr;Rfs; xd;Wf;nfhd;W nrq;Fj;jhf 
cs;s NghJ> jstpisT ma;tpapd; topahf nspNaWk; xspapd; nrwpT RopahFk;.  
 
 
Nghyhuha;Lfspd; gad;fs;:  
 

1. Nghyuha;Lfs;> fz; $Rtijj; jLf;Fk; fz;zhbfshfTk;> Gifg;glf;fUtpfspy; 
xsptbg;ghdhfTk; NkYk; ntapy; fhg;Gf; fz;zhbfspYk; gutyhf gad;gLfpd;wd.  
 

2. Kg;ghpkhz jpiug;glf;fhl;rpfis mjhtJ `hNyhfpuhgpia cUthf;f Nghyuha;Lfs; 
gad;gLfpd;wd.  
 

3. gioa vz;nza; Xtpaq;fspy; epwq;fis NtWgLj;jp mwpa Nghyuha;Lfs; 
gad;gLfpd;wd.  
 

4. Nghyuha;Lfs; xspj; jifT gFg;gha;tpy; (Optical stress analysis) gad;gLfpd;wd.  
 

5. [d;dy; fz;zhbfspy; Nghyuha;Lfisg; gad;gLj;jp> miwapd; cs;Ns tUk; 
xspapd; nrwpitf; fl;Lg;gLj;jyhk;.  
 

6. jstpistile;j Nyrh; fw;iw> Crp Kid Nghd;W nray;gl;L> FWe;jfLfisg; 
(CDs) gbf;f my;yJ mtw;wpy; nra;jpfisg; gjpT nra;a gad;gLfpd;wd.  
 

7. jput gbfj; jpiuapy; (LCD) gad;gLk;> jstpisT mile;j xspia cUthf;f 
Nghyuha;Lfs; gad;gLfpd;wd.  
 

vjpnuhspg;gpd; %yk; jstpisT Mf;fk;:  
 
KOtJk; jstpisT mile;j xspia cUthf;fg; gad;gLk; kpf vspaKiw vjpnuhspg;G 
MFk;. X, Y vd;w vjpnuhspf;Fk; fz;zhbg; gug;gpd; kPJ> AB vd;w jstpisT mw;w 

xspf;fw;iw xd;W Fwpg;gpl;l Nfhzj;jpy; tpOfpwJ vdf;fUJf. AB xspf;fw;iwapy; glj;jpd; 
jsj;jpw;F ,izahf cs;s mjph;Tfs; mk;Gf;FwpfspdhYk;> glj;jpd; jsj;jpw;Fr; 
nrq;Fj;jhd kw;Wk; vjpnuhspf;Fk; gug;gpw;F ,izahd mjph;Tfs; Gs;spfspdhYk; 
Fwpg;gpl;Lf; fhl;lg;gl;Ls;sd. gLk; xspapd; xU gFjp vjpnuhspj;J BC topahfTk;> kw;nwhU 
gFjp BD topahf xsptpyfYk; milfpwJ. jstpisT Ma;tp xd;iwg; gad;gLj;jp 
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vjpnuhspg;G mile;j xspia ma;T nra;Ak;NghJ> me;j xsp> gFjp jstpisT 
mile;Js;sJ vd mwpag;gl;lJ. gLk; xspf; fw;iwia xU Fwpg;gpl;lf; Nfhzj;jpy; 
tpor;nra;Ak;NghJ (fz;zhbf;F 57.5˚) vjpnuhspg;G mile;j xsp KOtJk; jstpisT 
mile;jpUf;Fk;. ve;jf; Fwpg;gpl;l gLNfhz kjpg;gpw;F vjpnuhspg;G mile;j fjph; Kw;wpYk; 
jstpisT mile;jNjh> me;jg; gLNfhzNk jstpisTf; NfhzkhFk;.  
 
GU];lh; tpjp:  
 
1808 ,y; khy]; vd;w mwpQh;> xspGFk; Clfj;jpd; gug;gpy;gl;L vjpnuhspg;G mile;j 
rhjhuz xspf;fjph;> gFjp jstpisT milfpwJ vd fz;lwpe;jhh;. NkYk;> xspapd; 
jstpisT milfpwJ gLNfhzj;ijr; rhh;e;jJ. xU Fwpg;gpl;l gLNfhzkjpg;gpw;F> 
vjpnuhspg;G mile;j xsp KOtJk; jstpisT milAk;l. ve;j xU Fwpg;gpl;l gLNfhz 
kjpg;gpw;F> jstpisT milahj xspf;fw;iw> xspGFk; gug;gpy; gl;L vjpnuhspg;G mile;J 
KOtJk; jstpisT mile;j xspahf khWfpwNjh> me;jg; gLNfhzNk jstpisTf; 
Nfhzk; my;yJ GU];lh; Nfhzk; (ip) MFk;.  
 
NkYk; gphpl;b~; mwpQh; rh; Nltpl; GU];lh;> jstpisTf; Nfhzj;jpy; vjpnuhspg;G mile;j 
kw;Wk; xsptpyfy; mile;j xspf;fjph;fs; xd;Wf;nfhd;W nrq;Fj;J vdf; fz;lwpe;jhh;. (ip) 
vd;gJ jstpisTg; gLNfhzk; vdTk;> (rp) vd;gJ ,jw;fhd xsptpyF Nfhzk; vdTk; 
fUjpdhy;>  
    ip + 90˚ + rp = 180˚  
    rp = 90˚ – ip  
];ndy; tpjpapypUe;J xspGFk; Clfj;jpd; xsptpyfy; vz;  

    
sin

sin

p

p

i
n

r
=  

 
,q;F n vd;gJ xstpyfy; vz;zhFk;.  
 
,Ue;J rp apd; kjpg;igg; gpujpapLk; NghJ gpd;tUk; rkd;ghL fpilf;Fk;.  
 
 

   
sin sin

sin(90 ) cos

p p

p p

i i
n

i i
= =

−
 

   tan pi n=  

,j;njhlh;Gf;F GU];lh; tpjp vd;W ngah;. GU];lh; tpjpapd;gb> xspGFk; Clfj;jpd; 
jstpisTf; Nfhzj;jpd; NlQ;rd;l; kjpg;G> me;j Clfj;jpd; xsptpyfy; vz;zpw;Fr; 
rkkhFk;. GU];lh; Nfhzj;jpd; kjpg;G> xsp GFk; Clfj;jpd; jd;ikiaAk;> gad;gLj;jg;gLk; 
xspapd; miyePsj;ijAk; rhh;e;jJ.  
 
vjpnuhspg;gpd; %yk; jstpisT Mf;fy; epfo;tpd; mbg;gilapy; jl;lLf;Ffs; 
cUthf;fg;gLfpd;wd. mjpf vz;zpf;ifapy; fz;zhbj; jfLfs; Foha; xd;wpd; cs;Ns 
xd;wpd; kPJ kw;nwhd;W rha;j;J itf;fg;gl;Ls;sd. ,f;fz;zhbj;jfLfs; Fohapd; mr;Rf;F 
33.7˚ Nfhzj;jpy; (90˚ - 56.3˚) cs;sd. Fohapd; mr;Rf;F ,izahf tUk; jstpisT 
mw;w xspf;fw;iw jl;lLf;fpd; kPJ tpor;nra;ag;gLfpwJ. vdNt> gLNfhzk; kPJ 
tpor;nra;ag;gLfpwJ. vdNt> gLNfhzk; 56.3˚ MFk;. ,g;gLNfhzk; fz;zhbapd; 
jstpisTf; NfhzkhFk;. gLjsj;jpw;Fr; nrq;Fj;jhd mjph;Tfs; xt;nthU fz;zhbg; 
gug;gpdhYk; vjpnuhspf;fg;gl;Lk;> ,izahd mjph;Tfs; gug;gpd; topNa cLUtpAk; 
nry;fpd;wd. gug;Gfspd; vz;zpf;if mjpfkhf ,Ue;jhy; vjpnuhspg;G mile;J KOtJk; 
jstpisT mile;j xspapd; nrwpTk; mjpfhpf;Fk;. jl;lLf;F jstpisT Mf;fpahfTk;> 
jstpisT Ma;tpahfTk; gad;gLfpd;wJ.  
 
,ul;il xsp tpyfypd; %yk; jstpisT Mf;fk; :  
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vuh];k]; ghh;Njhypd]; (Erasmus Bartholinus) vd;w lr;R ,aw;gpay; mwpQh;> jstpistw;w 
xspf;fw;iw fhy;irl; gbfj;jpd; kPJ tpOk; NghJ ,uz;L xsptpyfy; fjph;fshfg; gphpif 
milfpwJ vdf; fz;lwpe;jhh;. vdNt> xU nghUSf;F ,uz;L gpk;gq;fs; Njhd;Wfpd;wd. 
,e;j epfo;r;rpf;F ,ul;il xsptpyfy; vd;W ngah;. Fthh;l;];> ikf;fh Nghd;w kw;w 
nghUs;fspYk; ,g;gz;G fhzg;gLfpwJ.  
 
Gs;sp xd;wpid fhy;irl; gbfj;jpd; topNa nrq;Fj;jha; ghh;f;Fk;NghJ ,uz;L gpk;gq;fs; 
Njhd;Wk;> gbfj;ijr; Row;Wk; NghJ xU gpk;gk; epiyahfTk; kw;nwhU gpk;gk;> epiyahd 
gpk;gj;ij Rw;wpAk; tUfpwJ. epiyahf cs;s gpk;gj;jpw;Fr; rhjhuz gpk;gk; vd;W ngah; O. 
,k;gpk;gk; xsptpyfy; tpjpfSf;F cl;gLk; xsptpyF fjphpdhy; Vw;gLfpwJ. kw;nwhU gpk;gk; 
mrhjhuz gpk;gkhFk; E. ,g;gpk;gk; xsptpyfy; tpjpfSf;F cl;glhj xsptpyF fjphpdhy; 
Vw;gLfpwJ. ,e;j mrhjhuz xspf;fjph; KOtJk; jstpisT mile;j fjph; vdf; 
fz;lwpag;gl;Ls;sJ. ,ul;il xsptpyfy; Vw;gLk; Vw;gLk; gbfj;jpd; cs;Ns rhjhuzf;fjph; 
midj;Jj; jpirfspYk; XNu jpirNtfj;jpy; nry;fpwJ. Mdhy;> mrhjhuzf;fjph; xt;nthU 
jpirapYk; ntt;NtW jpirNtfq;fspy; nry;fpwJ. ,ul;il xsptpyfy; Vw;gLk; gbfj;jpd; 
cs;Ns cs;s> Gs;sp xsp %yk; xd;W rhjhuzf;fjpUf;Ff; Nfhsf miyKfg;igAk;> 
mrhjhuz fjpUf;F ePs;tl;l miyKfg;igAk; cUthf;Fk;. gbfj;jpd; cs;Ns xU 
Fwpg;gpl;l jpirapy; ,t;tpuz;L fjph;fSk; XNu jpirNtfj;jpy; nry;fpd;wd. me;jj; jpirf;F 
xspapay; mr;R vd;W ngah;. xspapay; mr;rpy; ,uz;L fjph;fSk; xNu xsptpyfy; vz;izg; 
ngw;wpUf;Fk;. NkYk;> ,e;j mr;rpy; ,ul;il xsptpyfYk; vw;glhJ.  
 
xspapay; nray;GhpAk; gbfq;fspd; tiffs;:  
 
fhy;irl;> Fthh;l;];> lh;kiyd; kw;Wk; gdpf;fl;b Nghd;w gbfq;fs; xNu xU xspapay; 
mr;irg; ngw;Ws;sd. vdNt> mit Xur;Rg;gbfq;fs; vd;W miof;fg;gLfpd;wd.  
 
ikf;fh> G~;guhfk; (Topaz) nrypidl;> muhNfhidl; Nghd;w gbfq;fs; ,uz;L xspapay; 
mr;Rfisg; ngw;Ws;sd. vdNt mit <ur;Rg;gbfq;fs; vd;W miof;fg;gLfpd;wd.  
 
epNfhy; gl;lfk;:  
 
epNfhy; (Nicol) gl;lfk;l> fhy;irl; gbfj;jpdhy; cUthf;fg;gl;l xU xspapay; fUtpahFk;. 
,J kw;w xspapay; fUtpfSld; ,ize;J KOtJk; jstpisT mile;j xspia 
cUthf;fTk;> Ma;T nra;J ghh;f;fTk; gad;gLfpwJ. epNfhy; gl;lfk; ,ul;il xsptpyfy; 
epfo;tpd; mbg;gilapy; nray;gLfpwJ. ,jid 1828 ,y; tpy;ypak; epNfhy; vd;w mwpQh; 
cUthf;fpdhh;. mfyj;ijg;Nghd;W %d;Wklq;F ePsk; nfhz;l fhy;irl; gbfj;jpdhy; 
nghJthf epNfhy; gl;lfq;fs; cUthf;fg;gLfpd;wd. ABCD vd;gJ fhy;irl; gbfj;jpd; 
Kjd;ikg; gphpitf; Fwpf;Fk;.  
 
gbfj;jpd; Kff;Nfhzq;fs; (Face angles) 72˚ kw;Wk; 108 ˚ cs;sthW %iytpl;lj;jpd; 
topNa ,uz;L Jz;Lfshf ntl;lg;gLfpwJ. ,t;tpuz;L Jz;LfSk; fdlh ghy;rk; vd;w 
xspGFk; rpnkz;l; nfhz;L kPz;Lk; xd;Wld; xd;W xl;lg;gLfpd;wd.  
 
Nrhbak; Mtptpsf;F Nghd;w xw;iw epw xsp%yk; xd;wpypUe;J tUk; jstpistw;w xsp> 
epNfhy; gl;lfj;jpd; Kfk; AC apy; tpOfpwJ vdf;fUJf. ,e;j xsp ,ul;il xsptpyfy; 
mile;J rhjhuz kw;Wk; mrhjhuz fjph;fshfg; gphpif mile;J ntt;NtW 
jpirNtfq;fspy;nry;fpd;wd. rhjhuz xspf;Fg; (xw;iw epw Nrhba xsp) gbfj;jpd; 
xsptpyfy; vz; 1.658> mrhjhuz xspf;F xsptpyfy; vz; 1.486. ,Nj miyePsk; nfhz;l 
xspf;Ff; fdlh ghy;rj;jpd; xsptpyfy; vz; 1.523. vdNt> fdlh ghy;rk; xspiaj; 
jstpisT milar;nra;tjpy;iy.  
 
fhdlh ghy;rj;jpdhy;> rhjhuz xsp KO mf vjpnuhspg;G mile;J> gbfj;jpd; kw;nwhU 
Kfk; topahf ntspNawhky; jLf;fg;LfpwJ. KO jstpisT mile;j mrhjhuz xsp 
kl;Lk; gbfj;jpd; topahf ntspNaWfpwJ.  
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epNfhy; gl;lj;jpd; gad;fs;:  
1. ,J KOjstpisT mile;j xspia cUthf;FfpwJ. mjhtJ jstpisT 

Mf;fpahfr; nray;gLfpwJ.  
 

2. KO jstpisT mile;j xspiar; Nrhj;Jg; ghh;g;gjw;Fk; ,J gad;gLfpwJ. mjhtJ> 
jstpisT Mf;fpahfr; nray;gLk;.  
 

epNfhy; gbfj;jpd; FiwghLfs;:  
 

1. mstpy; nghpa> Fiwghlw;w fhy;irl; gbfq;fs; fpilg;gJ mhpJ. vdNt> epNfhy; 
gbfj;jpd; tpiy kpf mjpfk;.  
 

2. mrhjhuzf; fjph; rha;e;j epiyapy; gbfj;jpd; topNa nry;tjhy;> gbfj;jpypUe;J 
ntspNaWk; KO jstpisT mile;j xspf;fjph; vg;nghOJk; xU gf;fkhf tpyfy; 
mile;jpUf;Fk;.  

 
3. xU Fwpg;gpl;l tuk;gpy; kl;LNk ,jidg; ghh;f;fKbAk;.  

 
4. epNfhy; gl;lfj;jpypUe;J ntspNaWk; xspf;fjph;> rPuhf KOjstpisT 

mile;jpUf;fhJ  
 

xspr; rpjwypd; %yk; jstpisT Mf;fk;:  
 
Nghyuha;L xd;wpid Row;wpf;nfhz;Nl mjd; topahfj; njspthd ePythdj;ijg; ghh;f;Fk; 
NghJ> xspr;nrwptpy; khw;wk; Vw;gLtijf; fhzyhk;. ,jw;Ff; fhuzk;> #hpaxsp 
tspkz;lj;jpy; cs;s %yf;$WfSld; NkhJk;NghJ mjd; jpirapy; khw;wk; Vw;gLfpwJ. 
(xspr;rpjwy; Vw;gLfpwJ) jstpistw;w #hpa xsp fhl;lg;gl;Ls;sJ. thA 
%yf;$Wfspy; cs;s vyf;l;uhd;fs; ,uz;L jpirfspy; ,af;ff; $Wfisg; ngWk;. 
 
#hpaDf;Fr; nrq;Fj;jhf 90˚ Nfhzj;jpy; ghh;f;Fk; xUtiuf; fUJNthk;. ,izahf 
KLf;fkilAk; kpd;Jfs;fs; ghh;itahsUf;F Mw;wiy fjph;tPrhJ. Vnddpy;> kpd;Jfspd; 
KLf;fj;jpy; nrq;Fj;Jf;$Wfs; ,y;iy. vdNt> ,k;kpd;Jfs;fspdhy; rpjwy; milAk; 
fjph;tPr;Rfs; jsj;jpw;Fr; nrq;Fj;jhfj; jstpisT milfpd;wd. ,J xspr;rpjwypd; %yk; 
vt;thW jstpisT Vw;gLfpd;wJ vd;gij tpsf;FfpwJ.  
 
xspapay; fUtpfs; (Optical Instruments) 
 
ehk; md;whl tho;tpy; gy;NtW xspapay; fUtpfisg; gad;gLj;Jfpd;Nwhk;. mtw;Ws; 
Ez;Nzhf;fp> njhiyNehf;fp> epwkhiykhdp kw;Wk; kdpj tpopfisg; gw;wp ehk; gbf;f 
cs;Nshk;.  
 
vspa Ez;Nzhf;fp:  
 
xU vspa Ez;Nzhf;fp vd;gJ> Fiwe;j Ftpaj;J}uk; nfhz;l xU cUg;ngUf;Fk; 
(Ftpf;Fk;) nyd;]; MFk;. nghUspd; Neuhd> cUg;ngUf;fg;gl;l kha gpk;gj;ijg; ngWtNj 
,jd; mbg;gil Nehf;fkhFk;. ,q;F ,uz;L tpjkhd cUg;ngUf;fq;fisg; gw;wp gbf;f 
cs;Nshk;.  
 

1. mz;ikg;Gs;sp Gs;spapy; Ftpag;gLj;Jjy; nghUspd; gpk;gk; mUfpYs;s xU Gs;spapy; 
Njhd;Wk;. mjhtJ> rhjhuz fz;fSf;F 25 cm njhiytpy; gpk;gk; Njhd;Wk;. 

,j;njhiytpw;F njspTW fhl;rpapd; kPr;rpWnjhiyT (D) vd;W ngah;. ,e;j epiy 
fz;fSf;F trjpahf ,Ue;jNghjpYk;> rw;Nw rpukj;ij Vw;gLj;Jk;.  
 

2. ,ay;G epiy Ftpag;gLj;Jjy; - nghUspd; gpk;gk; <hpy;yhj; njhiytpy; Njhd;Wk;. 
,e;j epiyapy; fz;fSf;F vt;tpj rpukKk; ,d;wpg; gpk;gj;ij trjpahfg; ghh;f;f 
KbAk; fhl;lg;gl;Ls;sJ.  

 



 

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

 

mz;ikg;Gs;sp Ftpag;gLj;jYf;fhd cUg;ngUf;fk;:  
 
mz;ikg;Gs;sp Ftpag;gLj;jy; fhl;lg;gl;Ls;sJ. nyd;rpd; Ftpaj;J}uj;jpw;F f Fiwthd 
njhiytpy; nghUs; cs;sJ. mjd; njhiyT u MFk;. gpk;gk;> kPr;rpW njhiytpy; D 
mjhtJ> mz;ikg; Gs;spapy; Njhd;WfpwJ. cUg;ngUf;fj;jpw;fhd rkd;ghL>  
 

v
m

u
=  

nyd;]; rkd;ghl;bidg; gad;gLj;jp> 
1 1 1

'v u f
− =  cUg;ngUf;fj;ijg; gpd;tUkhW vOjyhk;.  

   1
v

m
f

= −  

FwpaPl;L kugpidg; gad;gLj;jp v apd; kjpg;ig gpujpapLk; NghJ v = -D. vdNt>  
 
Nkw;fz;l rkd;ghL> mz;ikg;Gs;sp Ftpag;gLj;jYf;fhd cUg;ngUf;fj;ijj; jUfpwJ.  
 
,ay;Gepiy Ftpag;gLj;Jjy; fhl;lg;gl;Ls;sJ. gpk;gk; <hpy;yhj; njhiytpy; cs;sNghJ 
Vw;gLk; cUg;ngUf;fj;ijj; jw;NghJ fhzyhk;. gpk;gj;jpw;Fk;> nghUSf;Fk; cs;s tpfpjk; 

'h
m

h

 = 
 

 cUg;ngUf;fj;ijf; nfhLf;Fk;. <hpy;yhj; njhiytpy; kw;Wk; <hpy;yh mstpy; 

vw;gLk; gpk;gj;jpw;fhd eilKiwj; njhlh;gpid ngw ,ayhJ. vdNt> ehk; Nfhz 
cUg;ngUf;fj;ij ,q;Fg; gad;gLj;jyhk;. nyd;rpd; cjtpahy; ghh;f;fg;gLk; gpk;gk; 
Vw;gLj;jpaf; Nfhzj;jpw;Fk; θi nyd;rpd; cjtpapd;wp ntWk; fz;fspdhy; ghh;f;fg;gLk; nghUs; 

Vw;gLj;jpaf; Nfhzj;jpw;Fk; θo cs;s tpfpjj;jpw;F> Nfhz cUg;ngUf;fk; vd;W ngah;.  
 

    
i

o

m



=     

fz;fspdhy; ghh;f;fg;gLk; nghUSf;F>  

   
0 0tan

h

D
  =  

nyd;rpd; cjtpahy; ghh;f;fg;gLk; gpk;gj;jpw;F  

   tan
i i

h

f
  =  

Nfhz cUg;ngUf;fk;> 
0

/
m

/

i
h f

h D




= =  

   m = 
D

f
 

Nkw;fz;l rkd;ghL> ,ay;Gepiy Ftpag;gLj;jYf;fhd cUg;ngUf;fj;ijf; nfhLf;Fk;.  
mz;ikg;Gs;sp Ftpag;gLj;jYf;fhd cUg;ngUf;fj;ijtpl> ,ay;Gepiy Ftpag;gLj;jYf;fhd 
cUg;ngUf;fk; FiwthFk;. mz;ikg; Gs;spapy; Ftpag;gLj;jg;gl;l gpk;gj;ijg; ghh;g;gijtpl> 
,ay;Gepiy Ftpag;gLj;Jtjpdhy; Vw;gLk; gpk;gj;ijg; ghh;g;gJk; fz;fSf;F vspjhFk;. D/f 
,d; nghpa kjpg;GfSf;F> ,uz;L cUg;ngUf;fq;fSf;F ,ilNa cs;s NtWghL kpfTk; 
FiwthFk;. ,jw;Fg; gpd;dhy; tUk; midj;Jg; gFjpfspYk; ,ay;Gepiy Ftpag;gLj;jy; 
kl;LNk fUj;jpy; nfhs;sg;gLfpwJ.  
 
Ez;Nzhf;fpapd; gphpjpwd;:  
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Ez;Nzhf;fpapd; gpujpwidf; fzf;fpLtjw;fhd tpsf;fk;> fhl;lg;gl;Ls;sJ. Ez;Nzhf;fpiaf; 
nfhz;L nghUis cw;WNehf;Ftjd; %yk; mg;nghUs; njhlh;ghd tptuq;fis mwpayhk;. 
Ez;Nzhf;fpapd; jpwd; cUg;ngUf;fj;ij kl;Lk; rhh;e;jjy;y. kpff; Fiwe;j njhiytpy; 
(dmin) mike;Js;s ,uz;L Gs;spfis gphpj;Jf; fhl;LtijAk; rhh;e;jJ. Ez;Nzhf;fpapd; 

gpupjpwd; rpwg;ghf mika> Gs;spfSf;F ,ilNa cs;s njhiyT (dmin) Fiwthf ,Uf;f 
Ntz;Lk;.  
 
ghlg; gFjpapd; Kw;gFjpapy;> ikag; ngUkj;jpw;fhd Muk; jug;gl;Ls;sJ. mjd;gb  

    
1.22

o

v
r

a


=  

,r;rkd;ghl;by; f ,Ue;j ,lj;jpy;> gpk;gj;jpd; njhiyT v fhzg;gLfpwJ. gphpj;jwpa Ntz;ba 

,uz;L Gs;spfSf;fpilNa cs;s rpWkj;njhiyT (dmin) vdpy;> cUg;ngUf;fk; m I 
gpd;tUkhW vOjyhk;.  
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o
r

m
d

=  
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
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nghUs; cs;s gf;fj;jpy;>  

   2tan 2sin [ 2 sin ]
a

a f
f

   =  =  

     min

1.22

2sin
d




=  

rpWkj; njhiyT (dmin) j;jpd; kjpg;ig NkYk; Fiwg;gjw;F> Ez;Nzhf;fpapd; nghUsUF 

nyd;i] mjpf xsptpyfy; vz; n nfhz;l vz;nza; epug;gg;gl;l nfhs;fydpy; 
%o;fitj;J> xspapd; ghijia mjpfhpf;f Ntz;Lk;.  

   min

1.22

2 sin
d

n




=  

,J Nghd;w nghUsUF nyd;];fSf;F vz;nza;apy; %o;fitf;fg;gl;l nghUsUF nyd;]; 
vd;W ngah;. n sin β gjj;jpw;F vz;zpay; Jis NA vd;W ngah;.  

  min

1.22

2( )
d

NA


=  

$l;L Ez;Nzhf;fp:  
 
$l;L Ez;Nzhf;fpapd; mikg;G fhl;lg;gl;Ls;sJ. nghUSf;F mUNf cs;s nyd;Rf;Fg; 
nghUsUF nyd;]; vd;W ngah;. ,e;j nyd;]; nghUspd; nka;ahd> jiyfPohf;fg;gl;l 
kw;Wk; cUg;ngUf;fg;gl;l gpk;gj;ijj; Njhw;Wtpf;Fk;. ,g;gpk;gk;> ,uz;lhtJ nyd;rhd 
fz;zUF nyd;Rf;F nghUshfr; nray;gLfpwJ. fz;zUF nyd;]; Xh; vspa Ez;Nzhf;fp 
Nghd;W nray;gl;L ,Wjpahfg; nghpjhf;fg;gl;l khagpk;gj;ijj; Njhw;Wtpf;fpwJ. nghUsUF 
nyd;rpdhy; Njhw;Wtpf;fg;gl;l jiyfPohd Kjy; gpk;gk;> fz;zUF nyd;Rf;F neUf;fkhf> 
Mdhy; mjd; Ftpag;gug;gpw;Fs; ,Uf;Fk;gb rhpnra;Ak; NghJ> ,Wjp gpk;gk; fpl;lj;jl;l 
<hpy;yhj; njhiytpy; my;yJ mz;ikg; Gs;spapy; Njhd;Wk;. ,Wjpgpk;gk; cz;ikahd 
nghUisg;nghUj;Jj; jiyfPohff; fpilf;Fk;. $l;L Ez;Nzhf;fpapd; cUg;ngUf;fj;jpw;fhd 
Nfhitiag; gpd;tUkhW ehk; tUtpf;fyhk;.  
 
$l;L Ez;Nzhf;fpapd; cUg;ngUf;fk;:  
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fjph; xspg;glj;jpypUe;J> nghUsUF nyd;rpd; Nehpay; cUg;ngUf;fk;> gpd;tUkhW> 
njhiytpy; my;yJ mz;ikg; Gs;spapy; Njhd;Wk;. ,Wjpgpk;gk; cz;ikahd 
nghUisg;nghUj;Jj; jiyfPohff; fpilf;Fk;. $l;L Ez;Nzhf;fpapd; cUg;ngUf;fj;jpw;fhd 
Nfhitiag; gpd;tUkhW ehk; tUtpf;fyhk;.  
 
$l;L Ez;Nzhf;fpapd; cUg;ngUf;fk;:  
 
fjph; xspg;glj;jpypUe;J> nghUsUF nyd;rpd; Nehpay; cUg;ngUf;fk;> gpd;tUkhW> nyd;rpd; 
Nehpay; cUg;ngUf;fk;> gpd;tUkhW>  
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,q;F> L vd;gJ fz;zUF nyd;rpd; Kjy; Ftpag;Gs;spf;Fk;> nghUsUF nyd;rpd; 
,uz;lhk; Ftpag;Gs;spf;Fk; ,ilNa cs;s njhiythFk;. ,jw;Ff; $l;L Ez;Nzhf;fpapd; 

Foypd; ePsk; (L) vd;W ngah;> NkYk; o
f  kw;Wk; e

f  ,uz;Lk; (L)I tplf; Fiwthfj;jhd; 

,Uf;Fk;.  
    
,Wjp gpk;gk;> mz;ikg;Gs;spapy; mike;jhy;> fz;zUF nyd;rpd; cUg;ngUf;fk; me 
gpd;tUkhW  

   1e

e
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= +  

mz;ikg;Gs;sp Ftpag;gLj;jypd; nkhj;j cUg;ngUf;fk; (m) gpd;tUkhW 
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,Wjpgpk;gk; <hpy;yhj; njhiytpy; mike;jhy; (,ay;Gepiy Ftpag;gLj;Jjy;)> fz;zUF 
nyd;rpd; cUg;ngUf;fk; me gpd;tUkhW  

   e

e

D
m

f
=  

,ay;Gepiy Ftpag;gLj;Jjypy; Vw;gLk; nkhj;j cUg;ngUf;fk; m gpd;tUkhW fpilf;Fk;.  
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thdpay; njiyNehf;fp (Astronomical telescope): 
 
tpz;kPd;fs;> Nfhs;fs;> epyT Nghd;w njhiytpYs;s thd;nghUs;fis cUg;ngUf;fk; 
nra;J fhz;gjw;Fg; gad;gLk; njhiyNehf;fpNa thdpay; njhiy Nehf;fpahFk;. thdpapay; 
njhiyNehf;fpapy; Njhd;Wk; gpk;gk; jiyfPohdjhFk;. fz;zUF nyd;irtpl mjpf 
Ftpaj;J}uKk; nghpa JisAk; nfhz;l nghUsUF nyd;]; ,jpy; cs;sJ. kpfj; 
njhiytpYs;s nghUspypUe;J tUk;l xsp> nghUsUF nyd;rpd; topNa Eioe;J thdpay; 
njhiyNehf;fpf;Foypd; ,uz;lhk; Ftpag;Gs;spapy; xU nka; gpk;gj;ijj; Njhw;Wtpf;Fk;. 
fz;zUF nyd;];> ,e;j gpk;gj;ij cUg;ngUf;fk; nra;J> nghpjhd jiyfPohd ,Wjp 
gpk;gj;ijj; Njhw;wtpf;Fk;.  
 
thdpay; njhiyNehf;fpapd; cUg;ngUf;fk;:  
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,Wjp gpk;gk; tpopAld; Vw;gLj;Jk; Nfhzj;jpw;Fk; β nghUs; nyd;]; my;yJ tpopAld; 

Vw;gLj;Jk; Nfhzj;jpw;Fk;  cs;s tpfpjNk thdpay; njhiyNehf;fpapd; cUg;ngUf;fk; (m) 
MFk;.  
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thdpay; njhiyNehf;fpapd; Njhuha ePsk;> L = fo + fe 
epyg;gug;Gj; njhiyNehf;fp (Terrestrial Telescope) 
 
epyg;gug;Gj; njhiyNehf;fpapy; $Ljyhf nyd;]; xd;iwg; gad;gLj;jp Neuhf;fg;gl;l 
,Wjpgpk;gk; ngwg;gLfpwJ.  
gpujpgypf;Fk; njhiyNehf;fp (Reflecting telescope)  
 
nghpa mstpyhd kw;Wk; xspapay; FiwghLfsw;w gpk;gq;fisj; Njhw;Wtpf;Fk; nyd;];fis 
cUthf;FtJ kpfTk; fbdkhdJ kw;Wk; nghUl;nryT kpf;fJ MFk;. etPd 
njhiyNehf;fpfspy; nghUsUF nyd;];fSf;F khw;whf Ftp Mbfs; gad;gLfpd;wd.  
 
FtpMbfs; nghUsUF nyd;]hfr; nray;gLk; njhiyNehf;fpf;F gpujpgypf;Fk; 
njhiyNehf;fp vd;W ngah;. ,J kw;w njhiyNehf;fpfistpl $Ljy; rpwg;gpidg; 
ngw;Ws;sJ. mtw;wpy; xNu xU gug;gpid kl;Lk; nkUNfw;wpg; gsgsg;ghf itj;Jf; nfhs;tJ 
NghJkhdjhFk;. nyd;];fs; mtw;wpd; tpspk;Gfspy; kl;LNk jhq;fp epWj;jg;gLfpd;wd. Mdhy;> 
Mbfisg; gad;gLj;Jk; NghJ mtw;wpd; gpd;gf;fk; KOtijAk; jhq;fpg;gpbg;gjw;Fg; 
gad;gLj;jyhk;. ,Ug;gpDk;> gpujpgypf;Fk; njhiyNehf;fpapy; xU FiwghL cs;sJ. mjhtJ> 
nghUsUF Mb njhiyNehf;fpf; Foypd; cs;NsNa xsp Ftpf;fg;gLfpwJ. fz;zUF 
nyd;rpid Foypd; cs;Ns nghUj;jp gpk;gj;ijf; fhz;gJ rpukkhFk;. ,f;FiwghL jw;NghJ 
epth;j;jp nra;ag;gl;Ls;sJ. ,uz;lhtJ Ftp Mb xd;wpidg; gad;gLj;jp Foypd; cs;Ns 
Ftpag;gLj;jg;gLk; xspia> Foypd; ntspg;gf;fkhf nfhz;Lte;J gpk;gj;ijf; fhzyhk;.  
 
epwkhiykhdp (Spectrometer):  
 
gy;NtW xsp %yq;fspypUe;J tUk; epwkhiyfis MuhaTk;> nghUs;fspd; xsptpyfy; 
vz;fisf; fzf;fplTk; epwkhiykhdpfs; gad;gLj;Jfpd;wd. epwkhiykhdp xd;W 
fhl;lg;gl;Ls;sJ. mbg;gilapy; epwkhiykhdp %d;W gFjpfisf; nfhz;Ls;sJ. mit 
KiwNa ,izahf;fp> Kg;gl;lf Nkil kw;Wk; njhiyNehf;fp MFk;.  
 
,izahf;fp:  
 
,iz xspf;fw;iwia cUthf;Fk; mikg;Ng ,izahf;fp MFk;. ePz;l cUis tbt 
Foypd; cs;Kidapy; Ftpnyd;Rk;> ntsp Kidapy; nrq;Fj;Jg; gpsTk; nfhz;l mikg;Ng 
,izahf;fp MFk;. nyd;]; kw;Wk; nrq;Fj;Jg; gpsTf;F ,ilNa cs;s njhiytpidr; 
rhpnra;J gpstpid nyd;rpd; Ftpaj;jpy; epiyepWj;Jk;gb ,izahf;fp mikf;fg;gl;Ls;sJ. 
gpsT xsp%yj;ij Nehf;fp cs;sthW epiyepWj;jg;gl;Ls;sJ. gpstpd; mfyj;ijf; 
Njitf;F Vw;wthW rhpnra;J nfhs;syhk;. Kg;gl;lfj;jpd; mbghfj;Jld; ,izahf;fp 
cWjpahfg; nghUj;jg;gl;Ls;sJ.  
 
Kg;gl;lf Nkil:  
Kg;gl;lfk;> fPw;wzp Nghd;wtw;iwg; nghUj;Jtjw;F Kg;gl;lf Nkil gad;gLfpwJ. %d;W 
rhpnra;Ak; jpUFfSld; mike;j ,uz;L ,izahd tl;ltbtj; jl;Lfs; Kg;gl;lf 
Nkilapy; cs;sd. epwkhiykhdpapd; ikaj;jpd; topNa nry;Yk; nrq;Fj;J mr;irg; 
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nghUj;J RoYk; tifapy; Kg;gl;lf Nkil nghUj;jg;gl;Ls;sJ. ,jd; epiyia nth;dpah; 
V1 kw;Wk; V2 Mfpatw;iwf; nfhz;L mwpayhk;. Njitahd cauj;jpw;F Kg;gl;lf 
Nkilia cah;j;Jk; tifapy; mJ mikf;fg;gl;Ls;sJ.  
 
njhiyNehf;fp:  
,J thdpay; njhiyNehf;fp tifiar; rhh;e;jjhFk;. Foy; xd;wpd; xU Kidapy; FWf;Ff; 
fk;gpfSld; mike;j fz;zUF nyd;Rk;> mjd; kWKidapy; nghUsUF nyd;Rk; xNu 
mr;rpy; mike;Js;sd. ,izahf;fpapypUe;J tUk; ,izfjph;fisf; nfhz;L fz;zUF 
nyd;Rf;Fk; nghUsUF nyd;Rf;Fk; ,ilNa cs;s njhiytpidr; rhpnra;J> njspthd 
gpk;gj;ijf; FWf;Ff; fk;gpapy; Njhd;w nra;ayhk;. epwkhiykhdpapd; ikak; topNa nry;Yk; 
nrq;Fj;J mr;irg; nghUj;J> RoYk; tifapy; njhiyNehf;fp nghUj;jg;gl;Ls;sJ. 
njhiyNehf;fpAld; miubfphpahfg; gphpf;fg;gl;l mstPLfs; nfhz;l tl;ltbt msT Nfhy; 
xd;W njhiyNehf;fpAld; Nrh;e;J RoYk; tifapy; nghUj;jg;gl;Ls;sJ. njhiyNehf;fp 
kw;Wk; Kg;gl;lf Nkil ,uz;ilAk; tpUk;Gk; ,lj;jpy; epiyepWj;Jtjw;fhf ,uz;L 
MujpUF Mzpfs; cs;sd. NkYk;> El;gfkhfr; rhpnra;tjw;Fj; njhLnfhL jpUF 
MzpfSk; fhzg;gLfpd;wd.  
 
epwkhiykhdpapy; Nkw;nfhs;s Ntz;ba rPuikg;Gfs;:  
 
epwkhiykhdpiag; gad;gLj;jp Ma;tpid Nkw;nfhs;Sk; Kd;ghfg; gpd;tUk; rPuikg;Gfisr; 
nra;a Ntz;Lk;.  
 
fz;zUF nyd;irr; rPuikj;jy;:  
njhiyNehf;fpia> xspA+l;lg;gl;l gug;gpid Nehf;fpr; Row;wp> FWf;Ff; fk;gpia 
Kd;Dk;gpd;Dk; efh;j;jpj; njspthd gpk;gk; fz;fSf;Fj; njhpAk; ,lj;jpy; mjid 
epiyepWj;j Ntz;Lk;.  

 
1. njhiyNehf;fpiar; rPuikj;jy;;:  

,izfjph;fisg; ngWk; tifapy; njhiyNehf;fpiar; rPuikf;f> mjid njhiytpy; 
cs;s nghUs; xd;iwf; fhZk; tifapy; epiy epWj;j Ntz;Lk;. gpd;dh;> fz;zUF 
nyd;Rf;Fk; nghUsUFnyd;Rf;Fk; cs;s njhiytpidr; rhpnra;J> njspthd gpk;gk; 
fz;zUF nyd;rpd; FWf;Ff; fk;gpapy; tpOk;gb mikf;f Ntz;Lk;.  
  

2. ,izahf;fpiar; rPuikj;jy;  
,izahf;fpapd; gpstpidr; rhp nra;J> xsp%yk; xd;wpdhy; mjid xspA+l;l 
Ntz;Lk;. gpd;dh;> ,izahf;fpapd; mr;Rf; Nfhl;by; epw;Fk; tifapy; 
njhiyNehf;fpiar; Row;wp epiyepWj;j Ntz;Lk;. njhiyNehf;fpapd; 
fz;zUFnyd;rpd; FWf;Ff; fk;gpapy; njspthd gpk;gk; fpilf;Fk; tiu> 
,izahf;fpapd; gpstpw;Fk; nyd;Rf;Fk; ,ilNa cs;s njhiyitr; rhpnra;a 
Ntz;Lk;. Vnddpy;> njhiyNehf;fp ,izfjph;fisg; ngWk;tifapy; Vw;fdNt 
rhpnra;ag;gl;Ls;sJ. ,izahf;fpapypUe;J tUk; fjph;fs; ,izahf ,Ue;jhy; 
kl;LNk> njspthd kw;Wk; ed;F tiuaWf;fg;gl;l gpk;gk; fpilf;Fk;.  
 

3. Kg;gl;lf Nkiliar; rPuikj;jy; ,urkl;lk; kw;Wk; rhpnra;Ak; jpUfhzpfisg; 
gad;gLj;jp> Kg;gl;lf Nkilapd; ,iz tl;lj;jfLfis rhpnra;ayhk;.  
 

Kg;gl;lfk; nra;ag;gl;l nghUspd; xsptpyfy; vz;izf; fhzy;:  
 
epwkhiykhdpapd; njhiyNehf;fp> ,izahf;fp kw;Wk; Kg;gl;lf Nkil Nghd;wtw;wpd; 
njhlf;fr; rPuikg;Gfisr; nra;a Ntz;Lk;. Kg;gl;lff; Nfhzk; kw;Wk; rpWk jpirkhw;wf; 
Nfhzk; Mfpatw;iwr; fz;lwpe;J Kg;gl;lfg; nghUspd; xsptpyfy; vz;izf; fzf;fplyhk;.  
 
 
Kg;gl;lfj;jpd; xsptpyFg;gf;fq;fs; re;jpf;Fk; Kidfs;> ,izahf;fpiag; ghh;f;Fk; tifapy; 
Kg;gl;lf Nkil kPJ Kg;gl;lfk; itf;fg;gLfpwJ. ,izahf;fpapd; gpsT Nrhba Mtp 
tpsf;fpidf; nfhz;L xspA+l;lg;gLfpwJ. ,izahf;fpapypUe;J tUk; ,izfjph;fs; 
Kg;gl;lfj;jpd; AB kw;Wk; AC gf;fq;fspy; tpOk;gb Kg;gl;lfk; rhpnra;ag;gLfpwJ. AB 
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gf;fj;jpy; gl;L vjpnuhspj;j gpstpd; gpk;gk;> njhiy Nehf;fpapd; FWf;Ff;fk;gpAld; 
nghUe;Jk; tifapy; njhiy Nehf;fpiar; Row;wp T1 epiyapy; nghUj;jp nth;dpah; 
mstPLfis Fwpj;Jf;nfhs;s Ntz;Lk;. kPz;Lk; njhiyNehf;fpiar; Row;wp> Kg;gl;lfj;jpd; 
AC gl;lfj;jpy; gl;L vjpnuhspj;j gpstpd; gpk;gk; njhiyNehf;fpapd; FWf;Ff; fk;gpAld; 

nghUe;Jk; tifapy; T2 epiyapy; epiyepWj;j Ntz;Lk;. ,jw;fhd nth;dpah; mstPLfisf; 
Fwpj;Jf; nfhs;s Ntz;Lk;.  
 
,t;tpuz;L mstPLfspd; NtWghL> njhiyNehf;fp Row;wg;gl;lf; Nfhzj;ijf; nfhLf;Fk;. 
,f;Nfhzk; Kg;gl;lff; Nfhzj;jpd; ,uz;L klq;fpw;Fr; rkkhFk;. ,k;kjpg;gpy; ghjp 
Kg;gl;lff; Nfhzj;ijf; (A) nfhLf;Fk;.  
 
,izahf;fpapypUe;J tUk; xsp Kg;gl;lfj;jpd; Xh; xsptpyF gf;fj;jpd; kPJ tpOe;J> 
kWgf;fj;jpd; topNa xsptpyfy; mile;j xspiaj; njhiyNehf;fpapd; topNa ghh;f;Fk; 
tifapy;> Kg;gl;lfj;ij NkilkPJ nghUj;j Ntz;Lk;. jw;NghJ jpirkhw;wf;Nfhzj;jpd; 
kjpg;G FiwAk; tifapy; Kg;gl;lf Nkiliar; Row;w Ntz;Lk;l. xU fl;lj;jpy; njhiy 
Nehf;fpapd; topNa ghh;f;Fk; gpk;gk; Xh; ,lj;jpy; epd;W> Kg;gl;lf Nkilia Vw;nfdNt 
Row;wpa jpirapNyNa njhlh;e;J Row;Wk;NghJ gpd;thq;f Muk;gpf;Fk;. ,jd; fhuzkhfj; 
jpirkhw;wf; Nfhzj;jpd; kjpg;G mjpfhpf;Fk;. gpk;gk; ve;j ,lj;jpy; gpd;thq;f Muk;gpf;fpwNjh> 
me;j ,lj;jpy; njhiyNehf;fpapd; nrq;Fj;Jf; FWf;Ff; fk;gp nghUe;Jk;gb njhiyNehf;fpia 
epiyepWj;j Ntz;Lk;. ,J rpWkjpirkhw;w epiyiaf; nfhLf;Fk;. ,e;epiyf;fhd nth;dpah; 
mstPLfisf; Fwpj;Jf; nfhs;s Ntz;Lk;.  
 
jw;NghJ Kg;gl;lfj;ij ePf;fptpl;L> ,izahf;fpapypUe;J tUk; gpk;gj;ij Neubahf 
njhiyNehf;fpapd; topNa ghh;f;Fk; tifapy; njhiyNehf;fpiag; Row;w Ntz;Lk;. Neub 
gpk;gj;Jld; nrq;Fj;Jf; FWf;Ff;fk;gp nghUe;Jk; tifapy; mikj;J mjw;fhd nth;dpah; 
mstPLfisf; Fwpj;Jf;nfhs;s Ntz;Lk; ,t;tpuz;L mstPLfspd; NtWghL rpWkjpirkhw;wf; 
Nfhzj;ijf; (D) nfhLf;Fk;. Kg;gl;lfk; nra;ag;gl;l nghUspd; xsptpyfy; vz;izg; 
gpd;tUk; rkd;ghl;bidg; gad;gLj;jpf; fzf;fplyhk;. 
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ntw;wpl Kg;gl;lfk; xd;wpDs; jputj;ij epug;gp> Nkw;$wg;gl;l mNj Kiwapy; Nrhjidfis 
epfo;j;jp jputj;jpd; xsptpyfy; vz;izf; fhzyhk;. epwkhiykhdp Nrhjidfs; 
jug;gl;Ls;sd.  
 
kdpj tpop (The eye):  
 
kdpj caph;fSf;Ff; flTshy; toq;fg;gl;l ,aw;if xspapay; fUtp tpopfshFk;. kdpj 
tpopapd; mikg;G kw;Wk; mjd; Ntiy nra;Ak; Kiw Nghd;wit. xspapaypy; jug;gl;Ls;sd. 
tpopnyd;]; RUq;fp tphpAk; jd;ikia ngw;wpUg;gjhy; tpopnyd;rpd; Ftpaj; njhiyit xU 
Fwpg;gpl;l mstpw;F tpopapdhy; khw;wpaikf;f ,aYk;. tpopfs; KO jsh;T epiyapy; 
cs;sNghJ> mtw;wpd; Ftpaj;njhiyT ngUkkhFk;. tpopfisr; RUf;fpg; nghUs;fisg; 
ghh;f;Fk; NghJ> mtw;wpd; Ftpaj; njhiyT rpWkkhFk;. njspthfg; nghUs;fisf; fhz> 
nghUspd; gpk;gk; tpopj;jpiuapd; kPJ (retina) rhpahf tpoNtz;Lk;. taJ te;jth; xUthpd; 

topapd; tpl;lk; fpl;lj;jl;l 2.5 cm. mjhtJ> ,J gpk;gj;jpd; njhiyT. NtWtifapy; $w 

Ntz;Lnkdpy; ,e;j egUf;F tpopnyd;Rf;Fk;> tpopj;jpiuf;Fk; ,ilNa cs;s njhiyT 2.5 
cm MFk;. tpopapy; Ruf;Fk; ,uz;L xspGFk; jputq;fshd mf;Ft]; jputk; kw;Wk; tpl;u]; 
jputk; Nghd;wtw;wpd; xsptpyfy; vz;fisf; fUj;jpy; nfhs;syhky;> tpopapd; xspapay; 
nray;ghl;ilg; gw;wp ,q;F ehk; gbf;fyhk;. rhjhuz ghh;it nfhz;l xUtuhy;> <hpy;yhj; 
njhiytpy; itf;fg;gl;Ls;s nghUisg; ngUkf; Ftpaj; njhiyTld; 

maxf  rpukkpd;wp 
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tpopapd; %yk; fhz ,aYk;. ,NjNghd;W 25 cm njhiytpy; itf;fg;gl;Ls;s nghUisr; 

rpWkf; Ftpaj; njhiyTld; (
minf ) tpopapidr; RUf;fpf; fhz ,aYk;.  

 
kdpjtpopapd; ngUkf; Ftpaj;njhiyT 

maxf  kw;Wk; rpWkf;Ftpaj; njhiytpw;fhd 
minf  

rkd;ghl;il gpd;tUkhW tUtpf;fyhk;. nyd;]; rkd;ghl;bypUe;J>  

  
1 1 1

f v u
= −   

nghUs; <hpy;yhj; njhiytpy; cs;sNghJ> u = -∞ kw;Wk; v = 2.5 cm (tpop nyd;Rf;Fk; 
tpopj;jpiuf;Fk; ,ilNa cs;s njhiyT). ngUkf; Ftpaj;njhiyTld; (fmax) rpukkpd;wp 
tpopapdhy; nghUisf; fhZk; epiyapy;  

  
min

1 1 1

2.5f cm
= −

−
 

  
max 2.5f cm=  

nghUs; mz;ikg; Gs;spapy; cs;sNghJ> u = -25 cm, kw;Wk; v = 2.5 cm (tpop nyd;Rf;Fk; 
tpopj;jpiuf;Fk; ,ilNa cs;s njhiyT). rpWkf;Ftpaj; njhiyTld; 

minf tpopapidr; 

RUf;fp nghUisf; fhZk; epiyapy;>  

  
min

1 1 1

2.5 25f cm cm
= −

−
 

  
min 2.27f cm=  

max min 0.23f f cm− = tpopnyd;rpd; Ftpaj; njhiytpy; Vw;gLk; ,r;rpwpa NtWghl;bdhy; 

<hpy;yhj; njhiytpypUe;J mz;ik epiyg;Gs;sptiu nghUs;fis ek;khy; fhz KbfpwJ. 
jw;NghJ> ehk; ghh;itapy; Vw;gLk; rpy nghJthd FiwghLfisg; gw;wpg; gbf;fyhk;.  
 
fpl;lg;ghh;it (myopia)  
fpl;lg;ghh;it Fiwghl;bdhy; ghjpf;fg;gl;l eghpdhy; njhiytpy; cs;s nghUisj; 
njspthff; fhz ,ayhJ> ,f;Fiwghl;bw;fhd fhuzk; ,ay;G epiyiatpl tpopnyd;rpd; 
jbkd; mjpfhpj;J mjd; fhuzkhf tpopnyd;rpd; Ftpaj;njhiyT kpfTk; 
Fiwe;JtpLtjhFk; my;yJ tpopf; Nfhsj;jpd;  tpl;lk; ,ay;G epiyiatpl mjpfkhf 
,Ug;gjhFk;. ,t;tif Fiwghl;bdhy; ghjpf;fg;gl;l egh;fspdhy; mth;fspd; fz;fisj; 
Njitf;F mjpfkhf jsh;tilar; nra;a ,ayhJ. nyd;];fisg; gad;gLj;jp 
,f;Fiwghl;bidr; rhpnra;aKbAk;.  
 
njhiytpy; cs;s nghUspypUe;J tUk; ,izfjph;fs;> tpopj;jpiuia milAk; Kd;Ng 
Ftpf;fg;gLfpd;wd. Mdhy; mUNf cs;s nghUs;fis ,th;fshy; ed;F fhz KbAk;. 
fpl;lg;ghh;it FiwghLila eguhy; ghh;f;fg;gLk; ngUkj; njhiyT x vd;f. rhpnra;Ak; 

nyd;irf; nfhz;L <hpy;yhj; njhiytpy; cs;s nghUspd; khagpk;gj;ij x Gs;spapy; 
Vw;gLj;jp ,f;Fiwghl;ilr; rhpnra;ayhk;.  
 
nyd;]; rkd;ghl;bidf; nfhz;L fpl;lg;ghh;it Fiwghl;ilr; rhpnra;Ak; nyd;rpd; Ftpaj; 
njhiyitf; fzf;fplyhk;.  

   
1 1 1

f v u
= −  

,q;F> ,u v x= − = −  ,k;kjpg;Gfis nyd;]; rkd;ghl;by; gpujpapLk; NghJ>  

   
1 1 1

f x
= −
− −

 

rhp nra;Ak; nyd;rpd; Ftpaj; njhiyT>  
   f = -x  
Nkw;fz;l rkd;ghl;bYs;s vjph;Fwp> gad;gLj;Jk; nyd;]; xU Fopnyd;]; vd;gijf; 
fhl;LfpwJ. mbg;gilapy; Fopnyd;]; vd;gijf; fhl;LfpwJ. mbg;gilapy; Fopnyd;]; 
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cjtpapd;wp tpopj;jpiuf;F Kd;ghf Ftpe;j ,izfjph;fis> ,e;jf; Fopnyd;]; 
tphpfjph;fshf khw;wp tpopj;jpiuapy; Ftpakilar; nra;fpwJ. vdNt> ,q;F> ,k;kjpg;Gfis 
nyd;]; rkd;ghl;by; gpujpapLk; NghJ>  

  
1 1 1

f x
= −
− −

 

rhp nra;Ak; nyd;rpd; Ftpaj;njhiyT>  
  f = -x  
Nkw;fz;l rkd;ghl;bYs;s vjph;Fwp> gad;gLj;Jk; nyd;]; xU Fopnyd;]; vd;gijf; 
fhl;LfpwJ. mbg;gilapy; Fopnyd;]; cjtpapd;wp tpopj;jpiuf;F Kd;ghf Ftpe;j 
,izfjph;fis> ,e;jf; Fopnyd;]; tphpfjph;fshf khw;wp tpopj;jpiuapy; 
Ftpakilar;nra;fpwJ. vdNt> fpl;lg;ghh;it FiwghL cs;s eghpdhy; Fopnyd;]; 
cjtpAld; njhiytpy; cs;s nghUisAk; fhzKbfpwJ.  
 
J}ug;ghh;it (Hypermetropia) 
 
J}ug;ghh;it FiwghLila eghpdhy; tpopf;F mUNf cs;s nghUs;fisj; njspthff; fhz 
,ayhJ. J}ug; ghh;it FiwghLila egh;fspd; tpopnyd;]; ,ay;igtpl nky;ypajhff; 
fhzg;gLk;. ,jd; fhuzkhf tpopnyd;rpd; Ftpaj;njhiyT kpf mjpfkhf ,Uf;Fk; my;yJ 
,ay;igtpl tpopf;Nfhsk; RUq;fp tpLtjpdhYk; ,f;FiwghL Vw;gLk;. ,f;FiwghLila 
egh;fspd; njspTW fhl;rpapd; kPr;rpW njhiyT (Least Distance for clear vision) 25 cm tpl 
mjpfkhf ,Uf;Fk;. vdNt> ,th;fs;> nghUs;fisf; fz;fspypUe;J J}ukhf itj;J 
rpukj;Jld; ghh;f;f Ntz;bAs;sJ. vdNt gbg;gJ kw;Wk; rpwpa nghUs;fisf; ifapy; 
vLj;Jg; ghh;g;gJ Nghd;w nray;fis ,th;fshy; vspjhfr; nra;a ,ayhJ. taJ %g;G 
fhuzkhf Vw;gLk; ,t;tif Fiwghl;bw;F nts;nsOj;J (Presbyopia) vd;W ngah;. 
Vnddpy;> tajhdth;fshy; tpopiar; RUf;fp tpopnyd;rpd; Ftpaj; njhiyit Fiwf;f 
,ayhJ.  
 
mz;ikg; Gs;spapYs;s nghUspypUe;J tUk; xspf;fjph;fs; tpopj;jpiuf;F gpd;Gwkhff; 
FtpakiltJ fhl;lg;gl;Ls;sJ. Mdhy;> ,f;FiwghLila egh;fspdhy; 25 cm f;Fk; 
mjpfkhd njhiytpy; cs;s nghUs;fisf; fhz ,aYk;.  
 
J}ug;ghh;it FiwghLila eghpd; tpopapypUe;J ehk; fUJk; Gs;spapd; Fiwe;jgl;rj; 
njhiyit y vd;f. ,j;njhiytpw;F mg;ghy; cs;s nghUs;fis FiwghLila eghpdhy; 

ghh;f;f KbAk;. ,f;Fiwghl;bidr; rhpnra;a y Gs;spapYs;s nghUspd; khagpk;gj;ijr; 

rhpnra;Ak; nyd;rpd; cjtpahy; tpopapypUe;J 25 cm njhiytpy; (mz;ikg; Gs;spapy;) 
Njhw;Wtpf;f Ntz;Lk;. nyd;]; rkd;ghl;ilf; nfhz;L J}ug;ghh;it Fiwghl;ilr; rhpnra;Ak; 
nyd;rpd; Ftpaj; J}uj;ijf; fzf;fplyhk;.  

   
1 1 1

f v u
= −  

,q;F u = -y, v = -25 cm. ,k;kjpg;Gfis nyd;]; rkd;ghl;by; gpujpapLk; NghJ>  
 
nyd;]; rkd;ghl;by; gpujpapLk; NghJ>  

  
1 1 1

25f y cm
= −
− −

 

Nkw;fz;l rkd;ghl;ilr; RUf;fpdhy;>  

  
1 1 1 25
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−
= − =
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
=

−
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Nkw;nfhz;l rkd;ghl;bidf; nfhz;L fzf;fplg;gLk; Ftpaj;J}uk; vg;NghJk; Neh;Fwp 
kjpg;igg; ngw;wpUf;Fk;. Vnddpy; y vg;NghJk; 25 cm I tpl mjpfkhf ,Uf;Fk;. 
Ftpaj;J}uj;jpy; cs;s Neh;Fwp> gad;gLj;jg;gLk; rhpnra;Ak; nyd;]; Ftpnyd;]; vd;gijf; 
fhl;LfpwJ. mbg;gilapy; Ftpnyd;]; cjtpapd;wp tpopj;jpiuf;Fg; gpd;Gwkhff; Ftpe;j 
fjph;fis> ,e;jf; Ftpnyd;]; NkYk; Ftpfjph;fshf khw;wp tpopj;jpiuapy; Ftpakilar; 
nra;fpwJ. vdNt> J}ug;ghh;it FiwghLila eghpdhy; Ftpnyd;]; cjtpAld; mUNf 
cs;s nghUisAk; njspthff; fhz ,aYk;.  
 
xUjsg;ghh;it (Astigmatism):  
 
tpopnyd;rpy;> ntt;NtW tisT Muq;fisg;ngw;w jsq;fs; fhzg;gLtjhy; xU 
jsg;ghh;itf; FiwghL Vw;gLfpwJ. xUjsg;ghh;it FiwghLila eghpdhy; midj;Jj; 
jpirfspYk; njspthf xd;WNghy; ghh;f;f ,ayhJ. fpl;lg;ghh;it kw;Wk; J}ug;ghh;it 
Fiwghl;iltpl ,f;FiwghL rw;Nw rpf;fyhdjhFk;. ntt;NtW tisT Muq;fisf; nfhz;l 
jsq;fis cila nyd;];fisg; gad;gLj;jp xUjsg;ghh;it Fiwghl;ilr; rhpnra;a 
,aYk;. ntt;NtW tisT Muq;fisAila jsq;fisf; nfhz;l nyd;];fSf;F 
cUistbt nyd;];fs; vd;W ngah;. taJ %g;gpd; fhuzkhf xd;Wf;F Nkw;gl;l ghh;itf; 
FiwghLfs; kdpjh;fSf;F Vw;glyhk;. fpl;lg;ghLfSk; nfhz;l kdpjUf;F> gbg;gjw;F 
Ftpf;Fk; fz;zhbiaAk;> njhiytpy; cs;s nghUs;fisf; fhz;gjw;F tphpf;Fk; 
fz;zhbiaAk; gad;gLj;j Ntz;Lk;. ,t;thW jdpj;jdpahf fz;zhbfisg; gad;gLj;JtJ 
rpukkhFk;. ,jid ePf;Ftjw;fhf> ,ul;il Ftpaj;njhiyT nfhz;l nyd;];fSk;> njhlh; 
Ftpaj;njhiyTk; nfhz;l nyd;];fSk; (Progressive lens) gad;gLfpd;wd.  
 
 


