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Ma;Tr; RUf;fk; 

nka;apaypd; mbg;gil gpupTfSs; xd;whd mwpthuha;r;rpapay; mwpT gw;wpa midj;J 
Ma;TfspYk; gq;nfLj;Jf; nfhs;fpd;wJ. mjdbg;gilapy; etPd ngsjpftpay; Kd;itg;Gfs; 
vjpu;nfhz;Ls;s gFj;jwpTrhu; rpf;fy;fis ,t;tha;T fUg;nghUshf nfhz;Ls;sJ. gpugQ;rj;ij 
KOikahf Gupe;Jf;nfhs;s KaYk; ,g;ngsjpftpaypd; Njly; ,aw;if nka;apay; vd;w 
ngaUld; Muk;gkhdJ. ,J 17k; E}w;whz;bw;F gpd;du; ngsjpftpay; vDk; milahsj;ij 
ngw;Wf;nfhz;lJ. njhlu;r;rpahd Kd;Ndw;wq;fis fz;Lte;j ,j;Jiw fle;j E}w;whz;L Kjy; 
etPd ngsjpftpay; vDk; ngaUld; jdjha;T gazj;ij njhlu;e;Jf;nfhz;bUf;fpd;wJ. 20k; 
E}w;whz;bw;F Kw;gl;l ngsjpf cyfk; Fwpj;j Kd;itg;Gfs; toikahd gFj;jwpTld; 
rpf;fypd;wp efu etPd ngsjpftpay; Kd;itj;jpUf;Fk; Nfhl;ghLfSk; mJrhu; tpsf;fq;fSk; 
mjpypUe;J NtWgl;L mike;Js;sd. mtw;iw mile;Jf;nfhs;tjpy; nghJthd gFj;jwpT 
gy;NtW rpukq;fis vjpu;nfhz;Ls;sJ. ,r;rpf;fy;epiyia njspTgLj;Jk; Kfkhf ,uz;lhk; 
epiy juTfis mbg;gilahff;nfhz;L nka;apay; jsj;jpypUe;J ,t;tha;T 
Kd;ndLf;fg;gl;Ls;sJ.  

jpwTr;nrhw;fs;: Fthz;lk;> etPd ngsjpftpay;> ngsjpfk;> gFj;jwpT> nka;apay; 

 

Abstract 

The study contributes to the field of research concerning epistemology, which is one of the fundamental 

divisions of philosophy. Consequently, the current study addresses the rational challenges posed by the 

propositions of Modern Physics. This pursuit to fully understand the universe, which began as 'Natural 

Philosophy,' acquired the identity of 'Physics' in the 17th century. Having seen continuous progress, this 

field has continued its independent trajectory under the name 'Modern Physics' since the 20th century. 

While propositions regarding the physical world before the 20th century moved seamlessly without 

conflict with ordinary rationality, the doctrines and related explanations presented by Modern Physics 

diverge significantly from these. General rationality has encountered various difficulties in grasping 

these concepts. To clarify this complicated situation, this study is being conducted from a philosophical 

perspective based on secondary data. 
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1. mwpKfk; 

tpQ;Qhdq;fs; midj;jpdJk; jha; (Mother of all sciences) vdg;gLk; nka;apay; 

mwptpaypdJk; (Science) mbg;gilahFk;. ,jid cz;ikfis Muha;e;jwpAk; Jiw 
vdyhk;. ,aw;ifia cw;WNehf;fp> Muha;e;J> gFj;jwpe;J ngwg;gLk; Kiwahd mwpit 

mwptpay; vd;gjpy; jtwpy;iy. 18k; E}w;whz;bd; ,Wjptiu ,aw;if nka;apay; (Natural 

Philosophy) vdg;gl;l ,j;Jiw 19Mk; E}w;whz;by; mwptpay; vd ngau;khw;wk; 
ngWfpd;wJ. ,J ,aw;if epfo;Tfis tpsf;Ftjw;fhd Kiwikfis nfhz;like;jJ. 
,t;twptpay; gy gpupTfshf tsu;r;rp ngw;Ws;s NghjpYk; mit midj;jpdJk; 
mbg;gil ngsjpftpayhFk;.  

ngsjpftpaiy Fwpf;Fk;  Physics vDk; nrhy; Fusis vDk; fpNuf;f nrhy;ypypUe;J 
ngwg;gl;lJld; mjd; Ma;TfSk; fpNuf;fj;jpypUe;Nj Muk;gkhfpd vd;gij 
mwpaKbfpd;wJ. kughu;e;j ngsjpftpay;> etPd ngsjpftpay; vd ghFgLj;jg;gLfpd;w 
,j;JiwahdJ gFj;Jg;ghu;j;jy; kw;Wk; njhFj;Jg;ghu;j;jy; vd;Dk; ,U 
mZFKiwfspD}lhf tsu;r;rpaile;Js;sJ. xU nghUis kpf Ez;zpa Jfs;fshf 
gFj;J mJ njhlu;gpy; njspTgLj;jy; gFj;J ghu;j;jyhfpd;w mNjNeuk; rhjhuz xU 
nghUspypUe;J mijtpl ngupa mikg;Gfs; gw;wpajhd NjlNy njhFj;J ghu;j;jyhFk;. 
Fthz;lk; nfhs;ifia gFj;Jg;ghu;j;jYf;Fk; thdpaw;gpaiy njhFj;Jg;ghu;j;jYf;Fk; 
rhd;whf $wyhk;. ,t;tZFKiwfspD}lhfNt GwTyfk;rhu; cz;ikfisAk; gpugQ;r 
,ufrpaq;fisAk; ,g;ngsjpftpay; ntspf;nfhz;Lte;jJ vdyhk;. 

mDgt mwpit mbg;gilahff; nfhz;l mwptpayhdJ ngupa nghUl;fis njhFj;Jg; 
ghu;j;jypd;NghJ fhzhj rpf;fy;fis kpf jpz;zpa Jfs;fis gFj;J 
Ma;Tf;Fl;gLj;Jifapy; vjpu;f;nfhz;lJ. Fwpg;ghf Fthz;lk; nfhs;if ghuk;gupa  
KiwapaypypUe;J khWgl;l jd;ikia gy ,lq;fspy; ntspf;fhl;Lfpd;wJ. mjid 
gpd;tUkhW ep&gzk; nra;ayhk;. kughu;e;j ngsjpftpaypd;gb Jfnshd;wpd; ,Ug;G> 
mjd; mirT vd;gtw;iw rupahf fzpf;f KbAk;. MapDk; etPd ngsjpftpaypd; 
mbg;gil Nfhl;ghLfspy; xd;whd n`a;rd;Ngu;f;fpd; epr;rakw;w nfhs;ifahdJ 

(Heisenberg’s Uncertainty Principle) Jfnshd;wpd; miktplk; kw;Wk; ce;jk; vd;gtw;iw 
Jy;ypakhf mwpa KbahJ vd;fpd;wJ. ,jD}lhf nghUnshd;wpd; ,Ug;G njhlu;ghd 

cWjpaw;w epiyg;ghL Rl;bf;fhl;lg;gLfpd;wJ (Balasubramaniyan> 1997). 

mNjNghd;W ghuk;gupa ngsjpftpayhdJ ngsjpfg;nghUl;fs; tiuaWf;fg;gl;l 
gz;Gfisf; nfhz;Ls;sd vd fUJfpd;wJ. MapDk; Id;];BdpdJ xspapd; 

,Uikg;gz;G (Duality of Light) njhlu;ghd tpsf;fkhdJ ,t;tiuaiwia 
cilj;njwpe;J> xspahdJ miy kw;Wk; Jfs; Mfpa ,U gz;Gfisg; ngw;Ws;sjhf 

tpgupf;fpd;wJ. ,jid njhlu;e;J b gpuhf;ypapd; (De Broglie) gUg;nghUspd; miy – 

Jfs; ,Uikg;gz;G (Wave - Particle Duality of Matter) Fwpj;jhd Ma;thdJ xU nghUs; 

xNu Neuj;jpy; ,UNtW epiyfspy; ,Uf;f KbAnkd;fpd;wJ (Balasubramaniyan> 1997).  

Fthz;lk; nfhs;ifia njspTgLj;Jfpd;w mk;rq;fspy; xd;whd Fthz;lk; gpd;dyhdJ 

(Quantum Entanglement) xd;Wlndhd;W gpizf;fg;gl;l ,U Jfs;fis gpupj;njLj;J 
gpugQ;rj;jpd; ,UNtW %iyfspy; itf;fpd;w NghJk; xU Jfspy; Vw;gLk; khw;wk; mNj 

jUzj;jpy;  kw;w Jfis ghjpg;gjhf $Wfpd;wJ (Rajan> 2011). Fthz;lk; nfhs;ifapd; 

tprpj;jpukhd tpsf;fq;fspy; Fthz;lk; Ruq;fk; (Quantum Tunnelling) vd;gJk; kpf 
Kf;fpakhdjhFk;. xU mZj;Jfspd; gazg;ghijapy; jilnahd;iw 
vjpu;nfhs;Sk;NghJ mJ miy Nghy mj;jilia CLUt Kaw;rpf;Fk; vd;gNj ,jd; 
mu;j;jkhFk;. Fwpj;j Jfs; mj;jilia KOikahf CLUtp kWGwk; Njhd;Wk; vdTk; 
$wg;gLfpd;wJ. 
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etPd ngsjpftpaypd; kw;WnkhU Kjd;ikahd Nfhl;ghlhfpa ];Nuhbq;fuJ g+idf; 

Nfhl;ghL (Schrodinger’s Cat Theory) xU nray; Fwpj;jnjhU re;ju;g;gj;jpy; epfo;fpd;wJk;> 

epfohjJkhd epiyg;ghl;il vLj;Jf;$Wfpd;wJ. ,J ‘Super Position’ vDk; 
vz;zf;fUtpD}lhf tpsf;fg;gl;Ls;sJ.  ,t; vz;zf;fUtpid gpujpgypf;fpd;w gy;Yyf 

Nfhl;ghl;by; (Multiverse Theory) ehk; thOk; cyfpw;F ,izahd gy cyfq;fs; 
fhzg;gLtjhfTk; vkJ cyfpy; eilngWk; xU nraYf;F vjpuhd nray; kw;nwhU 

cyfj;jpy; ,lk;ngWtjhfTk; $wg;gl;Ls;sJ (Rajan, 2011). 

Nkw;$wpatw;wpd;gb> Rkhu; 2500 tUl tuyhw;iwAila nka;apaypypUe;J tsu;e;j 
JiwNa ngsjpftpayhFk;. mjd; Kjw; fl;lkhd kughu;e;j ngsjpftpay; vt;tpj 
gpur;rpidfSkpd;wp efu;e;jJld; etPd ngsjpftpaypy; ngUk;ghd;ikahf Ngrg;gLfpd;w 
tplaq;fs; kuGrhu; kw;Wk; gFj;jwpTrhu; epiyg;ghl;bw;F khw;wkhdjhFk;. MfNt mJ 
Fwpj;jhd Njlyhf ,t;tha;T mikag;ngw;Ws;sJ. 

2. etPd ngsjpftpaYk; mtw;wpd; cs;slf;fq;fSk;  

19k; E}w;whz;bypUe;J ,d;Wtiuahd ngsjpfk;rhu; Njly;fs; midj;Jk; etPd 
ngsjpftpay; vy;iyf;Fs; mlq;Ffpd;wd. ,f;fhyg;gFjpf;F Id;BdpdJ rhu;gpay; 

Nfhl;ghL (Relativity Theory)> nkf;]; gpshd;fpd; Fthz;lk; Nfhl;ghL (Quantum Theory) 
vd;gd jiyik tfpf;fpg;gJld; ,it gpugQ;rj;jpd; ,ay;ig jj;jkJ ghzpapy; 
tpsf;Ffpd;wd. rhu;gpay; Nfhl;ghL kz;> fw;fs;> nghUl;fs;> Nfhs;fs;> gpugQ;rk; 
vd;wthW ngupjpDk; ngupJ vd;w mstpy; gazpf;fpd;w mNjrkak;> Fthz;lk; Nfhl;ghL 
mZ> mZj;Jfs;fs; vd;wthW rpwpjpDk; rpwpJ vd;w mstpy; jkJ Ma;Tf;fsj;ij 
tp];jupj;Js;sJ. ,it ,uz;Lk; vkJ md;whl ngsjpf mbg;gil> ju;f;f uPjpahd 
mwptpay; Gupjy; vd;gtw;wpy; rpf;fy; epiyia Vw;gLj;jpAs;sd. vt;thwhdNghjpYk; 
gpugQ;rj;ijg; gw;wpa etPd fhy tpsf;fj;ij ngw ,t;tpuz;L Nfhl;ghLfSk; 
mtrpakhditahFk;.  

fle;j E}w;whz;by; mwptpaiy Ml;lk; fhz nra;j kpf Kf;fpa Nfhl;ghLfspy; rhu;gpay; 
Nfhl;ghLk; xd;whFk;. ikf;fy;rd;> khu;yp> n[uhy;l;> Nuhyz;l;]; MfpNahuJ 
nfhs;iffis Kjw;Nfhshff;nfhz;L mwptpay; fpsu;r;rpia J}z;Lk; tifapy; 
Id;];Bd; rhu;gpay; Nfhl;ghl;il Kd;nkhope;jhu;. 1905k; Mz;bd; rpwg;G rhu;gpay; 
Nfhl;ghL> 1915k; Mz;bd; nghJ rhu;gpay; Nfhl;ghL Mfpa ,uz;ilAk; cs;slf;fpa 
njhFg;Ng ,JthFk;. xspg;gw;wpa fUj;Jf;fs; ,f;Nfhl;ghl;bd; %yNtuhFk;. ,r;rhu;G 
nfhs;if fhyk;> ntsp> <u;g;G tpir> xsp Mfpatw;iw gw;wpa ekJ Gupjy; fl;likg;ig 
KOikahf khw;wpaikj;jJ. ,tw;iw Gupe;Jnfhs;tJ rw;W fbdkhdjhFk;. ,tuhy; 

tFf;fg;gl;l E = mc2 vd;w Mw;wy; epiw rkd;ghL> Fiwe;j epiwia nfhz;L kpff;$ba 
mstpyhd Mw;wiy cUthf;f KbAk; vd;gij tpsf;fpAs;sik Fwpg;gplj;jf;fJ. 
vt;thwhdNghjpYk; ,f;Nfhl;ghL gpugQ;rj;jpd; Njhw;wk;> tpupthf;fk; Fwpj;j mwptpw;Fk; 

gy Gjpa njhopy;El;gq;fspd; tsu;r;rpf;Fk; toptFj;Js;sJ (Pichchai, 1997). 

1905k; Mz;by; Kd;nkhopag;gl;l ,f;Nfhl;ghL ,af;fk;> xsp> fhyk; ntsp gw;wpa 
rpe;jidfis Kd;dpWj;Jfpd;wJ. mt;tifapy; ahNjDnkhd;wpd; ,af;fkhdJ 
,d;Dnkhd;iw rhu;e;Js;sJ. ,jd;gb midj;J mirTfSk; rhu;GilajhFk;. 
mtjhdpf;Fk; egu;> mtjhdpf;Fk; nghUs; rhu;e;J Ntfk; khWgLfpd;wJ vd;gJld; 
xspapd; Ntfj;jpw;F neUf;fkhd Ntfj;jpy; efUk; nghUl;fis ifahStjpy; ,r;rpwg;G 
rhu;gpay; Nfhl;ghL jtpu;f;fKbahjJ. xspapd; NtfkhdJ ve;jnthU egUf;Fk; 
ve;jnthU re;ju;g;gj;jpYk; xNu kjpg;ghfNt mikAk; vd;gjD}lhf mt;Ntfj;jpd; khwhj 
jd;ik typAWj;jg;gLfpd;wJ. mNjrkak; fhyntsp xt;nthU egUf;Fk; xNu khjpupahf 
mikahJ vd;gjD}lhf fhyntspapd; khWk; jd;ik tpsf;fg;gLfpd;wJ. xU nghUspd; 
mirT ,UNtW egu;fspilNa NtWgl;ljhf mikjy;> xspapdJ Ntfj;jpd; 
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khwhj;jd;ik> fhyntsp tistiljy; vd;gd ek;Kila md;whl mDgtj;Jf;F 
khw;wkhd Njhw;wg;ghLfshFk;.  

fhy tpupthf;fk;> ePsr; RUf;fk; vd;gd ,f;nfhs;ifapd; ikaf;fUf;fshFk;. fhy 
tpupthf;fk;> Ntfkhf efUk; xU nghUspd; Neuk; nkJthf nry;YnkdTk; ePsr; 
RUf;fk;> Ntfkhf efUk; xU nghUspd; ePsk; RUq;FnkdTk; njspTgLj;Jfpd;wJ. 
Xuplj;jpy; epiyahf epw;fpd;w egupd; ghu;itf;F efu;fpd;w nghUspd; Neuk; nkJthf 
nry;fpd;wJ.  mjhtJ Ntfkhf efUk; tpz;fyj;jpy; cs;s fbfhuk; G+kpapy; cs;s 
fbfhuj;ij tpl nkJthf RoYk;.   ePsr; RUf;fk; vd;w fUj;jhf;fj;ij Nehf;Fk;NghJ 
nghUl;fs; ,af;fj;jpd; jpirapy; FWfpajhf Njhd;Wk; vd tpgupf;fg;gLfpd;wJ. 
,jdhNyNa mjpf Ntfj;jpy; efUk; xU tpkhdk; G+kpapypUe;J mtjhdpf;fpd;w egUf;F 

FWfpajhf Njhd;Wfpd;wJ. (Pichchai> 1997).  

NkYk; nghUs; Mw;wyhfTk;> Mw;wy; nghUshfTk; xd;Wf;nfhd;W khwf;$bait vd;gJ 

Id;BdpdJ E = mc² rkd;ghl;by;  njspTg;gLj;jg;gLfpd;wJ. mZ njhlu;ghd 

Ma;Tfspy; ep&gpf;fg;gLtJ Nghy> xU rpwpa msT epiwia (mass) kpfg;ngupa 
mstpyhd Mw;wyhf khw;w KbAk; vd;gJ ,r;rkd;ghl;bdhy; milangw;wnjhU 
cz;ikahFk;. ,J ngsjpf cyfpYk; mZf;fspd; ,uhr;rpaj;jpYk; tpil njupahky; 
jpzwpf;nfhz;bUe;j mZrf;jp> ngUntbg;G Nfhl;ghL> fUe;Jisfs; Nghd;w gy;NtW 

Njhw;wg;ghLfis tpsf;f Jiz epd;wJ (Pichchai> 1997). 

rpwg;G rhu;gpay; Nfhl;ghl;bypUe;j FiwghLfis eptu;j;jpf;Fk; Kfkhf 1915k; Mz;by; 
cUthf;fg;gl;lNj nghJ rhu;gpay; nfhs;ifahFk;. ,J epa+l;ldJ <u;g;G tpir 

fUj;jhf;fj;ij khw;wpaikj;J mjid fhyntspapd; tisT (Space - time curvature) 
vd tptupf;fpd;wJ. ,jd; nghUs; el;rj;jpuq;fs;> fpufq;fs; Nghd;w ngupa nghUl;fs; 
fhyntspia tisf;fpd;wd vd;gjhFk;. Id;];Bdpd; ,j;jj;Jtj;jpd;gb> <u;g;Gtpir 
vd;gJ xU tpir my;y. khwhf ngupa nghUl;fs; fhyntspia tisf;f mt;tisNt 
ehk; <u;g;Gtpir vd;W mDgtpf;Fk; tpisit Vw;gLj;Jfpd;wJ. fhyntspapy; xU 
fpufj;jhy; tisT Vw;gl Vida nghUl;fs; mf;fpufj;ij Nehf;fp <u;f;fg;gLfpd;wd. 
cjhuzkhf #upaid Nfhs;fs;> el;rj;jpuq;fs; midj;Jk; Rw;wp tUfpd;wikia 
$wyhk;. ,jD}lhf ngupa nghUl;fspd; epiwapdhy; fhyntsp tistilfpd;wJ 
vd;gij mwpaf;$bajhf cs;sJ. xsp $l fhyntspapd; tistpy; nry;Yk; NghJ 
tise;J nry;Yk; vd Id;];Bd; tpsf;fk; jUfpd;whu;. ,q;F gpugQ;rf;$Wfs; 
fhyntspia tisf;f kw;w nghUl;fs; mt;tisit Nehf;fp <u;f;fg;gLfpd;wd vd;wthW 
epA+l;ldJ <u;g;Gtpir fUj;jhlYf;F khWgl;l tpahf;fpahdk; jug;gLfpd;wJ. fhyk; 
kw;Wk; ntsp vd;git jdpj;jdpahditay;y. mit xd;Nwhnlhd;W ,ize;j xU 
njhFg;G vd;gJ ,g;nghJ rhu;gpay; Nfhl;ghl;bd; tpsf;fkhFk;. 

rhu;gpay; Nfhl;ghl;Lf;F epfuhf mZf;fspd; ,uhr;rpaj;ij gpujpepjpj;Jtg;gLj;Jk; 

tifapy; nkf;]; gpshd;f; (Max Plank) vd;guhy; cUthf;fg;gl;lNj Fthz;lk; 
Nfhl;ghlhFk;. fhu;y; Vu;z;];l; Yl;tpf; nkf;]; gpshd;f; (1858-1947) N[u;kdpia Nru;e;j 
20k; E}w;whz;bd; kpf Kf;fpa ngsjpftpayhsuhthu;. ,tu; Fthz;lk; Nfhl;ghl;bd; 
je;ijnadTk; Nghw;wg;gLfpd;whu;. 17k; E}w;whz;L njhlf;fk; 20k; E}w;whz;L tiu 
epA+l;ldJ tpjpfNs nghUl;fs;> ,af;fk; njhlu;ghd tpsf;fj;ij je;J nfhz;bUe;jd. 
vdpDk; jpz;zpa nghUl;fs; njhlu;ghd Ma;Tfspy; epa+l;ldJ ,t;tpjpfs; jLkhwpd. 
MfNt Ez;zpa %yf;$Wfspd; nray;ghLfis tpsf;f xU Nfhl;ghL Njitg;gl 
];Nuhbq;fu;> n`a;rd;Ngu;f;> nkf;]; gpshq;f;> ePy;];Nghu;> ghy;buhf; Nghd;w gyupd; 

gq;fspg;NghL g+uzTUg;ngw;wNj Fthz;lk; ngsjpftpay; MFk; (Ritnik, 1976). 

Fthz;lk; Nfhl;ghL mZf;fspd; ku;kq;fis mtpo;j;JtpLk; Nfhl;ghlhFk;. ,J mZ 
kw;Wk; mZf;fUtpd; mbg;gil Jfs;fs; vt;thW nray;gLfpd;wd vd;gij 
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tpsf;FtJld; ekJ md;whl tho;tpy; ehk; fhZk; nghUl;fspd; elj;ijia tpl kpfTk; 
tpj;jpahrkhd xU cyfj;ij ekf;F mwpKfg;gLj;Jfpd;wJ. ,J xsp kw;Wk; 
gUg;nghUspd; ,Uikj;jd;ik> Fthz;lk; gpd;dy;> Fthz;lk; NeuLf;Fik> Fthz;lk; 
ldypq;> epr;rakw;w jd;ik> gy;Yyf Nfhl;ghL Nghd;w gy Fog;gfukhd tplaq;fis 
Kd;itf;fpd;wJ. 

2.1 Xspapd; jd;ik gw;wpa Nfhl;ghLfs; 

17Mk; E}w;whz;bd; gpw;gFjpapy; xspapd; jd;ik Fwpj;j tpthjk; ,lk;ngw;wJ. xspapd; 
jd;ikia i`n[d;]; miynadf;$w> epa+l;ld; Jfs; vd;Wk; Id;];Bd; miy kw;Wk; 
Jfnsd;Wk; N[k;]; fpshu;f; Nkf;];nty; ntw;wplj;jpy; gazpf;Fk; xU kpd;fhe;j miy 

(Electromagnetic Wave) vd;Wk; nkf;]; gpshd;f; Fthz;lk; gFjpfnsd;Wk; tiuaiw 

nra;Js;sdu;. NkYk; gpshd;f; vyf;l;uhd; Nghd;w Jfs;fis miyf;fl;Lfs; (Wave 

Packets) vd;whu;. xsp “Fthz;lk;” vdg;gLk; tiuaWf;fg;gl;l Mw;wy;; gf;fl;Lf;fshy; 

MdJld; mJ xspapd; mjpu;ntz; (Frequency)> Ntfk; (Velocity) vd;gtw;iw nghWj;jJ 
vd;Wk; $wpAs;shu;. ,J njhlu;gpyhd gy E}w;Wf;fzf;fhd gupNrhjidfs; 
Kd;ndLf;fg;gl;lJld; mtw;Wf;fhd ntt;NtW Nfhl;ghLfSk; cUthf;fg;gl;Ls;sd 

(Barman, n.d). 

xspapDila jd;ik gw;wpa Ma;tpy; xspapd; miyf; Nfhl;ghL Kf;fpakhd ,lj;ijg; 
gpbj;Js;sJ. neju;yhe;ij Nru;e;j fzpj> thdpay; kw;Wk; ngsjpftpay; mwpQuhd 

fpwp];bad; i`n[d;]; (Christiaan Huygens) vd;gtuhNyNa miyf; nfhs;if (Wave 

Theory of Light) Kd;nkhopag;gl;lJ (Balasubramaniyan> 1997). xsp xU Clfj;jpypUe;J 
kw;nwhU Clfj;jpw;F nry;Yk;NghJ mjd; ghij tpyFtij xsptpyfy; vd;Nghk;. ,J 
xsp xU miy vd;gjw;fhd rhd;whFk;. mNjNghy; xU rpwpa Jis topahf xsp 
nry;Yk;NghJ mjd; ghij tise;J nry;Yk;. xsp miyfs; xd;Wld; xd;W NrUk;NghJ 
mtw;wpd; jPtpuk; mjpfupf;fNth my;yJ FiwaNth nra;Ak;. ,jD}lhfTk; xsp xU 
miy vd;gjid ehk; mwpaKbAk;. NkYk; xspahdJ mlu;e;j Clfj;ij tpl Ijhd 
Clfj;jpy; Ntfkhf nry;Yk;. xspapd; miyf;Nfhl;ghL gy epfo;TfSf;F 
tpsf;fkspg;gJld; xspapay;> thdpay; Nghd;w Jiwfspy; ngUk; Kd;Ndw;wj;jpw;F 
toptFj;Js;sJ. i`n[d;]pd; Nfhl;ghl;il Mjupf;Fk; tifapy; 1801 Mk; Mz;L 

Njhk]; aq;fpd; (Thomas Young) ,ul;ilg; gpsT gupNrhjid (Double Slit Experiment)> 

mf];bd; [Pd; g;nu];dypd; (Augustin Jean Fresnel) NrhjidAk; mike;jd. MapDk; 
nkf;]; gpshq;fpd; tpjpahy; miy Nfhl;ghL rthYf;F cl;gLj;jg;gl;likAk; 

Fwpg;gplj;jf;fJ (Ritnik> 1976).  

Jfs; nfhs;if> xspapd; jd;ik gw;wpa Ma;tpd; kw;WnkhU Kf;fpa Nfhl;ghlhFk;. 
,f;Nfhl;ghl;bd;gb> xsp miyay;y khwhf kpfr; rpwpa> Mw;wy; epiwe;j Jfs;fshy; 

MdjhFk;. ,j;Jfs;fs; ‘/Nghl;lhd;fs;’ (Photons) vdg;gLk;. ,jid cWjpg;gLj;j gyu; 
Ma;Tfis Nkw;nfhz;l NghjpYk; epa+l;ld; Kjd;ikahdtuhthu;. xspapd; 
miyf;nfhs;iff;F khw;wkhd tifapy; epa+l;ldhy; cUthf;fg;gl;lNj fhu;g];fpA+yu; 

Nfhl;ghL (Carpuscular Theory) vDk; Jfs; Nfhl;ghlhFk;. epA+l;ld; 1704,y; jdJ Ma;T 

fl;Liuahd xspapaypy; (Optics) xspapd; Ez;Jfs; Nfhl;ghl;il Kd;nkhope;jhu;. ,jpy; 

xspahdJ fhu;g];fpy;]; (Carpuscles) vdg;gLk; Ez;zpa Jfs;fshy; MdnjdTk;; ehk; 
xspf;fw;iwia Neu;Nfhl;by; fhz xspapd; mjpfupj;j NtfNk fhuzkhFnkdTk; xsp 

JUtg;gLj;jg;glyhk; (polarized) vdTk; fz;lwpe;jhu;. #upad; Nghd;w xspUk; 
%yq;fspypUe;J fhu;g];fpa+y;fs; ntspg;gLfpd;wdntd;Wk; nkOFtu;j;jp> kpd;tpsf;F 
Nghd;wtw;iw ,jw;F cjhuzkhf $wKbAk; vd;whu;. xt;nthU fhu;g];fpA+y; Jfs; 
efUk; NghJk; mjDld; ,af;f Mw;wYk; nfhz;L nry;yg;gLfpd;wJ. mit mjpf 
Ntfj;jpy; gazpf;fpd;wd. ,e;j fhu;g];fpA+y; my;yJ Jfs;fs; fz;zpd; tpopj;jpiuapy; 
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tpOk;NghJ mit nghUspd; cUtj;ij cUthf;Ffpd;wd. ,it ntt;NtW msTfspy; 
,Uf;fyhk; ntt;NtW tz;zq;fisAk; nfhz;bUf;fyhk;. epa+l;ldJ Nfhl;ghl;bd;gb 
xU nghUs; Jfs; gz;Gfisf; nfhz;ljhf ,Uf;Fk;. ntw;W fz;fshy; ehk; fhZk; 

nghUl;fs; miy gz;ig ngw;wit my;y vd typAWj;jg;gLfpd;wJ (Nyambuya et al., 
2017).  

gj;njhd;gjhk;> ,Ugjhk; E}w;whz;LfSf;F Kw;gFjpapy; xspahdJ miyahf 
nraw;gLtjhfTk; gpw;gFjpapy; Jfshf nraw;gLtjhfTk; fz;lwpag;gl;lJ. 
,yj;jpud;fs; Fwpj;j Muk;gfhy Nrhjidfspy; xsp Jfs; Nghy ,aq;FtjhfTk; gpd; 
miyfshf ,aq;FtjhfTk; fz;lwpag;gl;lJ. ,jd; gpd; ,Uikg;gz;G njhlu;ghd 
fUj;J vOe;jJ. bg;uha; vd;gtu; miy - Jfs; ,Uikg; gz;G njhlu;gpy; KjyhtJ 
Nfhl;ghl;il Kd;itj;jhu;. mjhtJ mZtpd; %yf;$Wfs; rpyNtisfspy; miy 
gz;igAk; rpy Ntisfspy; Jfs; gz;igAk; ntspg;gLj;Jk;. miyfs; Jfs; gz;ig 
ntspg;gLj;Jfpd;w mNj rkak; Jfs;fs; miy gz;Gfis ntspg;gLj;Jk; vd;gij 

miy - Jfs; ,Uik Nfhl;ghL $Wfpd;wJ. ,J kughu;e;j ,ae;jputpay; (Classical 

Mechanics) my;yJ epa+l;lDila ngsjpftpay; rpe;jidfspypUe;J NtWgl;lJ. 

2.3 gUg;nghUspd; ,Uikg;gz;G (Dual Nature of Matter) 

nghUspd; ,Uikj;jd;ik vd;gJ Fthz;lk; ngsjpftpaypd; xU Kf;fpakhd 

fUj;jhf;fkhFk;. ,J xU nghUs; my;yJ Jfs; xNu Neuj;jpy; Jfs; (particle) kw;Wk;  

miy (Wave) Nghd;w ,uz;L ntt;NtW jd;ikfisf; nfhz;bUf;Fk; vd;W 
tpsf;Ffpd;wJ. ,e;j gUg;nghUl;fs; miyfshf nraw;gLtij Nltprd;> N[.N[. 

njhk;rd; MfpNahu; jdJ Nrhjidfs; Clhf tpsf;fpdu;. Y}ap]; b gpuhf;yp (Louis de 

Broglie) vd;gtu; 20Mk; E}w;whz;bd; kpf Kf;fpakhd ngsjpftpayhsu;fspy; xUtu;.  
,tu; nghUspd; miyj;jd;ikia fz;lwpe;jjw;fhf 1929Mk; Mz;by; 
ngsjpftpaYf;fhd Nehgy; gupirg; ngw;whu;. mtu; Kd;nkhope;j nghUspd; 
,ul;ilj;jd;ik Nfhl;ghL> Fthz;lk; ngsjpftpaypy; xU Gul;rpia Vw;gLj;jpaJ. 
,f;Nfhl;ghL 1923Mk; Mz;L mwpKfg;gLj;jg;gl;lJ. rpwpa nghUl;fspy; miy gz;gpid 
mtjhdpf;f KbAk; vd;wJld; rpy epge;jidfspd; fPo; gUg;nghUs; Jfs;; 
miyfshfTk; ,aq;Ffpd;wd vd tpsf;fpdhu;.  kughu;e;j ghu;itapd;gb xU JfsJ 
Mw;wy; Kjyhd gz;Gfs; fhyk; kw;Wk; ntspapy; Ftpe;jpUf;Fk;. MapDk; etPd ghu;it 
mjw;F vjpu;khwhf xU miy fhyk; kw;Wk; ntspapy; ngUk; gFjpapy; gutpAs;sjhf 

$Wfpd;wJ (Balasubramaniyan> 1997). 

gpuhf;ypapd; $w;Wg;gb> xsp kl;Lky;y midj;J nghUl;fSk; miy kw;Wk; Jfs; 
jd;ikfis nfhz;Ls;sd. ,yj;jpud; Nghd;w rpwpa Jfs; $l miy Nghy ele;J 
nfhs;Snkd;wJld; ,tuJ rpe;jid ,yj;jpud; Ez;Nzhf;fpapd; tsu;r;rpf;Fk; 
toptFj;jJ. ,jid gad;gLj;jp kpfr; rpwpa nghUl;fisAk; njspthf fhz KbAk;. 
,J mZf;fs; kw;Wk; Jiz mZj;Jfs;fspd; miritAk; Gupe;Jnfhs;s 
Jizg;Gupfpd;wJ. 

2.4 epr;rakw;wf; nfhs;if (Uncertainity Principle) 

Gwcyfk; gw;wpa vkJ Gupjiy khw;wpaikj;j fUj;jhf;fq;fspy; 

epr;rakw;wf;nfhs;ifAk; xd;whFk;. ,f;nfhs;if 1901 – 1976 fhyg;gFjpapy; tho;e;j 

ntu;du; fhu;y; n`a;rd;ngu;f; (Werner Karl Heisenberg) vDk; N[u;kdpa 
ngsjpftpayhsuhy; Kd;nkhopag;gl;lJ. 1927k; Mz;L Kd;itf;fg;gl;l ,f;Nfhl;ghL 
miy - Jfs;  ,ul;ilj;jd;ikia rhd;WgLj;jp nghUnshd;wpd; epiy> Ntfk; 
vd;gtw;iw rupahf mstplNth> fzf;fplNth KbahJ vDk; fUj;ij 
epiyepWj;Jfpd;wJ. Fwpj;jnjhU Neuj;jpy; Fwpj;j xU nghUspd; Mw;wiyAk; 
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miktplj;ijAk; Jy;ypakhf mstpl KbahJ vd;gNj ,jd; rhuhk;rkhFk;. mjhtJ 
xU Jfspd; epiyia mstpl;lhy;> mjd; ce;jj;ij Jy;ypakhf mstpl KbahJ. 
mNjrkak; xU Jfspd; ce;jj;ij mstpl;lhy;> mjd; epiyia Jy;ypakhf mstpl 

KbahJ. ,jidNa n`a;rd;Ngu;fpd; ℎ/(4𝜋) vDk; rkd;ghL epWTfpd;wJ. kughu;e;j 
ngsjpftpayhy; tpsf;f Kbahj gy tplaq;fis ,t;tWjpapd;ik nfhs;ifia 

nfhz;L tpsf;f KbAk; vd;Wk; $wg;gLfpd;wJ (Balasubramaniyan> 1997). 

 

2.5 Fthz;lk; ngsjpftpay; (Quantum Physics) 

Fthz;lk; ngsjpatpaypd; kpf Kf;fpakhd Kd;itg;Gfspy; Fthz;lk; gpd;dYk; 
xd;whFk;. Fthz;lk; gpizg;gpy; Jiz mZj;Jfs;fs; xd;Wlndhd;W neUf;fkhf 
,izf;fg;gl;ljhf ,Uf;Fk;. Jfs;fs; ntF njhiytpy; ,Ug;gpDk; ahNjDnkhU 
Jfspy; J}z;ly; ,lk;ngw;w clNd kw;w JfSk; Jyq;fiy fhl;Lk;. ,jd;gb Jfs; 
xd;wpd; jd;ik kw;nwhd;wpd; jd;ikapypUe;J NtWgl;ljhf ,Uf;Fk;. ,J vkJ md;whl 
tho;f;if mDgtj;jpypUe;J khWgl;l epfo;thFk;. mjhtJ Nghl;Nlhd Jfs;fshd xsp 
ntw;wplj;jpy; gazpf;Fk; Ntfj;ij NtW vjdhYk; kpQ;r KbahJ. mt;NtfNk 
mz;lj;jpDila mjpAau; NtfKkhFk;. ,J xUGwkpUf;f Fthz;lk; gpd;dypd;gb 
,izj;Jfs;fs; ,uz;bid ntt;NtW ,lq;fspy; itj;jhy; xU nghUspy; Vw;gLk; 
khw;wk; mNj fzj;jpy; kw;w nghUspYk; Vw;gLfpd;wJ. ,k;khw;wk; Vw;gLtjw;fhf 
vLj;Jf;nfhz;l Neuk; g+r;rpakhFk;. xspapd; Ntfj;ij tpl jfty;  Ntfkhf gazpf;f 
Kbahnjd Id;];Bd; Vw;fdNt Fwpg;gpl;L ,Ue;jikAk; ,q;F Rl;bf;fhl;Lj;jf;fJ. 

Id;];Bd; ,jid J}uj;J gaKWj;Jk; nray; (Spooky action at a distance) vdf;$wp 
epuhfupj;jhu;. ,J gy Iaq;fis nfhz;bUe;jhYk;  Fthz;lk; fzpdpfs;> Fthz;lk; 

njhiyNehf;fpfs; Nghd;w gy njhopDl;gq;fSf;F Mjhukhf cs;sJ (Rajan, 2011). 

,J mZ mstpy; epfOk; xU tprpj;jpukhd epfo;thFk;. ehk; nghJthf ghu;f;Fk; 
cyfpy; xU nghUs; xU jilia jhz;br; nry;y Ntz;Lnkdpy; mJ jilia tpl 
mjpf Mw;wy; ngw;wpUf;f Ntz;Lk;. Mdhy; Fthz;lk; cyfpw;F ,e;j tpjp nghUe;jhJ. 
xU mZj;Jfs; vj;jifa jiliaAk; jhz;b nry;fpd;wJ. ldypq; vd;gJ mZtpdJ 
miy jd;ikapd; tpistpdhy; Vw;gLk; epfo;thFk;. ,J mZf;fU ,izTf;F 
,d;wpaikahjjhFk;.  Fthz;lk; ldypq; gy ngsjpftpay; epfo;Tfis tpsf;fTk; 
gad;gLfpd;wJ. Fthz;lk; Jfs;fs; miy> Jfshfpa ,U gz;GfisAk; nfhz;Ls;sd. 
xU Jfs; xU jilg;gFjpia Nehf;fp nry;Yk;NghJ> mJ miy Nghy me;j jilia 
CLUt Kaw;rpf;Fk;. Jfs; me;j jilia KOikahf CLUtp jilg;gFjpapd; kWGwk; 
Njhd;Wk;. ,jid xU ghiwia jhz;br; nry;Yk; xU ge;Jld; xg;gplyhk;. nghJthf 
xU ge;J rpW ghiwnahd;iw jhz;Ltjw;F Njitahd Mw;wy; ,y;iynad;why; 
mg;ge;jpdhy; mira KbahJ. Mdhy; Fthz;lk; Jfs; xU miy Nghy ,Ug;gjhy; 

mJ ghiwf;Fs;Ns nrd;W kWGwk; ntsptUk; (Chris, 2023). 

vl;tpu;d; ];Nuhbq;fu; (Erwin Schrodinger) 1887-1961 fhyg;gFjpapy; tpad;dhtpy; 
tho;e;jhu;. Fthz;lk; Nfhl;ghl;bw;F ,tuhw;wpa gq;fspg;gpdhy; 1933,y; Nehgy; 

gupRngw;whu;. ,tuJ g+id gupNrhjid (Cat Experiment) vd;gJ Fthz;lk; 
ngsjpftpaypy; xU Gfo;ngw;w rpe;jid gupNrhjid MFk;. ,g;gupNrhjidapy; xU 
G+id> er;Rg;nghUs; mlq;fpa Nghj;jy;> xU fjpupaf;fg; nghUs; kw;Wk; xU fjpu;tPr;R 
fUtp vd;gd cs;sd. g+idalq;fpa ngl;bapDs; fjpupaf;fg;nghUs; rpije;jhy;> mJ 
fjpu;tPr;R fUtpia nray;gLj;jp> er;Rg;nghUslq;fpa Nghj;jiy cilf;Fk;. ,jdhy; 
G+id ,we;JtpLk;. fjpupaf;fg; nghUs; rpije;jjh ,y;iyah vd;gij ehk; ngl;bia 
jpwf;Fk; tiu njupe;Jnfhs;s KbahJ. Fthz;lk; ngsjpftpaypd;gb> fjpupaf;fg; 
nghUs; xNu Neuj;jpy; rpije;j epiy kw;Wk; rpije;jpuhj epiy Mfpa ,uz;L 
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epiyfspy; ,Uf;Fk;. ,jd; nghUs; xNu Neuj;jpy; G+idAk; capUlDk;> ,we;Jk; 
,Uf;Fk; vd;gjhFk;. Mdhy; ngl;bia jpwe;j gpwNf G+id capUld; ,Uf;fpwjh 

my;yJ ,we;Jtpl;ljh vd;gij ehk; ghu;f;f KbAk; (Balasubramaniyan> 1997). 
,g;gupNrhjidapD}lhf xU nghUs; xNu Neuj;jpy; ,uz;L epiyfspy;; ,Uf;f KbAnkd 
Gyg;gLj;jg;gLfpd;wJ. ehk; xd;iw mstPL nra;tJ my;yJ guprPypg;gJ mg;nghUspd; 
epiyia khw;wptpLk;. ,r;rpe;jid gupNrhjid xU tprpj;jpukhd jd;ikia vspikahf 
tpsf;f Kaw;rpg;gJld; ,J ,d;Wtiu mwptpayhsu;fSf;Fk; Gjpuhf cs;sJ. 

Fthz;lk; cyf tpsf;fq;fspy; Fthz;lk; Neulf;Fik my;yJ Rg;gu; nghrprd;> xU 
Jfs; xNu Neuj;jpy; ,U epiyfspy; ,Ug;gij Rl;bepw;fpd;wJ. ,J ekJ md;whl 
cs;Szu;itAk; mDgtj;ijAk; kPwpa epiyahFk;. xU Fthz;lk; Jfs; mstplg;gLk; 
tiu xNu Neuj;jpy; gy epiyfspy; ,Uf;f KbAk; vd;gNj ,jd; nghUshFk;. 
];Nuhbq;fuJ G+idf;Nfhl;ghl;by; g+id ,we;Jk; ,wf;fhkYk; ,Uf;Fk; vDk; 
epiyg;ghl;il Rg;gu;nghrprDf;F Mjhukhf fhl;lyhk;. 

gy;Yyfk; my;yJ gy;yz;l Nfhl;ghl;bDila Ntu;fs; Fthz;lk; ngsjpftpaypy; 
cs;sd. 1950fspy; vOe;j ,e;j Nfhl;ghL Fthz;lk; ngsjpftpaypd; rpy tprpj;jpukhd 
tpisTfis tpsf;f Kaw;rpf;fpd;wJ. xU Jfs; xNu Neuj;jpy; gy epiyfspy; ,Uf;f 
KbAk; vd;w fUj;ij Kd;dpWj;jpNa gy;Yyfk; njhlu;ghd fUj;Jf;fs; 
NknyOe;jdntdyhk;. xt;nthU Fthz;lk; epfo;Tk; gpugQ;rj;ij gpupj;J> xt;nthU 
tpisTf;Fk; xt;nthU gpugQ;rj;ij cUthf;Ffpd;wJ. ,jdbg;gilapy; ekJ 
gpugQ;rj;ij xj;jJk; rpwpa khWghLfSlDkhd gy gpugQ;rq;fs; ,Uf;fyhk; vd 
ek;gg;gLfpd;;wJ. Fwpg;ghf 1957 ,y; `pa+ n`tu;l; vd;gtu; jdJ KJkhdp gl;l Ma;T 
Kbthf vkJ mDgt cyfpw;F mg;ghw;gl;l tifapy; gy cyfq;fs; cz;nld;gij 

Kd;itj;jhu; (Rajan, 2011).  

Rkhu; 13.8 gpy;ypad; Mz;LfSf;F Kd;G vkJ gpugQ;rj;ij cUthf;fpa ngUntbg;G 
Vw;gl;ljhf $wg;gLfpd;wJ. ,g;ngUntbg;G xUKiw khj;jpuk; jhd; epfo;e;jJ 
vd;gjw;fhd Mjhuq;fs; ,d;ikahy; mJ kPz;Lk; kPz;Lk; vz;zw;w Kiwfs; 
ele;jpUf;fyhk; vd ek;gg;gLfpd;wJ. VNjh xU ngUntbg;G ekJ gpugQ;rj;ij 
cUthf;fpaJ Nghd;W xt;nthU KiwAk; Vida gpugQ;rq;fs; cUthfp ,Uf;fyhk;. 
mt;thwhapd; mtw;wpd; vz;zpf;if Kbtpypahf ,Uf;Fk; vd;wthW gy;Yyfk; 
njhlu;ghd Kd;itg;Gfs; epahag;gLj;jg;gLfpd;wd. ,e;j Nfhl;ghL ,d;Dk; KOikahf 
ep&gpf;fg;gltpy;iy vd;whYk;  ,J gw;wpa Ma;Tfs; njhlu;e;Jk; 
,lk;ngw;Wf;nfhz;bUf;fpd;wd. ,f;Nfhl;ghL ek; gpugQ;rj;jpd; cz;ikj;jd;ik gw;wpa 
Gjpa Nfs;tpfis vOg;gpAs;sJ. ,J ,d;Dk; xU Nfhl;ghlhfNt ,Ue;jhYk; gyuJ 

Mu;tj;ijAk; J}z;bAs;sJ (Victor, 2016). 

3. gFg;gha;T 

capu;fs; midj;Jk; ngsjpfTyif rhu;e;Js;sd. mt;Tapu;fs; czT> cil> 
ciwAs;> Rthrk;> mwpT Nghd;w mj;jidf;fhfTk; GwTyNfhL gpd;dpg;gpize;Js;sd. 
kdpjd; jdJ Njitfis epiwNtw;wpf;nfhs;Sk; Nehf;fpy; Ik;nghwpfspd; cjtpNahL 
GwTyfk; Fwpj;j mwpit ngw;Wf;nfhs;fpd;whd;. mt;twptpd; tpisthfNt nka;apay; 
Kjw;nfhz;L mwptpay; Jiwfs; mj;jidAk; tsu;r;rp ngw;wd. Fwpg;ghf ehk; thOk; 
,t;Tyfk; Fwpj;j Mokhd Ma;Tfs; ngsjpftpaypdhy; Kd;ndLf;fg;gl;Ls;sJ. ,J 
Kd;Ndw;wfukhd ghijapy; gazpj;Jf; nfhz;bUf;fpd;w NghjpYk; mjd; Kd;itg;Gfs; 
kdpjdJ gFj;jwptpw;F vl;bajh vd;gJ Muhag;gl Ntz;banthd;whFk;.  

gFj;jwpit rthYf;F cl;gLj;Jk; etPd ngsjpftpaypd; gazk; rhu;gpay; 
nfhs;ifapypUe;Nj Muk;gkhfpd;wJ. ,f;Nfhl;ghL ,af;fk;> xsp> fhyk;> ntsp gw;wpa 
khWgl;l fUj;Jf;fis Kd;itj;Js;sJ. mjhtJ ahNjDnkhd;wpd; ,af;fkhdJ 
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,d;Dnkhd;iw rhu;e;Js;sJ vd;gNj ,q;F njspTgLj;jg;gLfpd;wJ. ,jd;gb midj;J 
mirTfSk; rhu;GilajhFk;. mtjhdpf;Fk; egu;> mtjhdpf;Fk; nghUs; rhu;e;J Ntfk; 
khWgLfpd;wJ. mjhtJ epa+l;ldpd;gb Ntfk; khwhjJ. vr;#o;epiyapYk; mjd; kjpg;G 
khwhJ vd;gij xNu re;ju;g;gj;jpy; ntt;NtW egu;fspilNa Ntfk;; NtWglyhk; vd;w 
rpe;jid  khw;wpaikj;Js;sJ. NkYk; kughu;e;j ngsjpftpaypd;gb xUnghUspd; kPJ 
tpirnahd;wpid gpuNahfpf;Fk;NghJ mJ rPuhd Ntfj;jpy; ,aq;Fk;; ,y;iynadpy; 
Xa;thf ,Uf;Fk;. MapDk; Id;];Bd; xU nghUs; Xa;tpy; ,Uf;Fk; NghJk; mJ Mw;wy; 
ngw;wpUf;Fk; vd $wpAs;shu;. ,J ehk; md;whlk; fhZk; cyfpy; epiyahf ,Uf;Fk; 
nghUs; Mw;wyw;wJ vd;w vz;zg;ghq;fpw;F khw;wkhdjhf mike;Js;sJ. MfNt 
,t;tpsf;fkhdJ Vw;fdNt ehk; ,af;fk; Fwpj;J nfhz;Ls;s epiyg;ghl;il 
Nfs;tpw;Fl;gLj;Jfpd;wJ.  

NkYk; Ntfj;ij Nghd;Nw fhyKk; midtUf;Fk; nghJthdJ my;y. mJ 
xt;nthUtuJ ,af;fj;ijAk; rhu;e;Js;sJ vd;gJ rhu;gpaypd; tpsf;fkhFk;. ,jw;fhd 
fhuzk; fhyntsp tistiljyhFk;. vk;ik nghWj;jtiuapy; fhyk; vd;gJ 
midtUf;Fk; nghJthdJ. MapDk; rhu;gpay; Nfhl;ghL fhyk; $l tistilAk; vd 
tpsf;Ffpd;wJ. ,J fhyk; gw;wp ehk; Vw;fdNt nfhz;bUf;Fk; epiyghl;bypUe;J 
NtWgl;ljhFk;. 

ehk; fhZk; cyfpd; mbg;gil mk;rq;fspy; xd;whd ‘/Nghl;lhd;fs; xsp nehbf;F 

Rkhu; 300000 km Ntfj;jpy; gazpf;fpd;wJ. ,JNt gpugQ;rj;jpd; cr;rgl;r Ntfk; vdTk; 
$wg;gLfpd;wJ. rhu;gpay; nfhs;if ntw;wplj;jpy; xspapd; Ntfk; khwpyp vd;fpd;wJ. 
mjhtJ NkNy ehk; $wpagb mtjhdpg;gtu;> mtjhdpf;fg;gLk; nghUs; vd;gtw;Wf;F 
Ntfk; khWfpd;w epiyg;ghL xspf;F nghUe;Jtjpy;iy. mj;jifa xspapd; Ntfj;jpy; 
xU nghUs; efu;e;jhy; mjd; vil mjpfupg;gJld; Neuk; nkJthf nry;Yk;. xspapd; 
Ntfj;ij neUq;f neUq;f xU nghUs; vy;iyapd;wp tpuptile;Jf; nfhz;Nl nry;Yk;. 
mjdJ epiw mstpl Kbahjjhf khWk;. xspapd; Ntfj;jpy; gazpf;Fk; egUf;F fhyk; 
vd;gNj ,Uf;fhJ. Ntfkhf efUk; nghUspd; ePsk; FiwAk;> xNu Neuj;jpy; elf;Fk; 
,U epfo;Tfs; ,U NtW egu;fsplj;jpy; NtWgl;l Neuj;ij fhl;Lk;> Ntfkhf gazk; 
nra;gtupd; fhyk; nkJthf efUk;> Ntfkhf nry;Yk; nghUspd; epiw mjpfupf;Fk; 
Nghd;wit vkJ gFj;jwptpw;F GjpaJk;> Fog;gfukhdJkhd fUj;Jf;fshFk;.  

G+kp #upaid Rw;wp tuTk;> re;jpud; G+kpia Rw;wp tuTk; fhuzk; #upad; kw;Wk; g+kpapd; 
<u;g;G tpirahFk; vd epa+l;ld; tpsf;fpdhu;. epa+l;ldJ <u;g;Gtpirf;F 
tpahf;fpahdkspf;Fk; nghJrhu;gpay; Nfhl;ghL fhyntspapd; tisNt ,jw;F 
fhuznkd;fpd;wJ. ,t;tisT xspapd; ghijia $l tisf;fpd;wJ. xt;nthU 
nghUSk; jdJ epiwf;Nfw;g jd;id Rw;wpAs;s fhyntspia tisf;fpd;wJ. xspf;$l 
mjpf epiwAs;s nghUspd; mUNf nry;Yk;NghJ tise;J nry;Yk;. ,t;thNw 
gpugQ;rj;jpd; xt;nthU nghUSk; tistpdhy; <u;f;fg;gLfpd;wJ. ,J ePz;l fhykhf 
ehk; ek;gp te;j <u;g;Gtpir njhlu;ghd fUj;Jf;fSf;F khw;wkhdJ.  

rhu;gpay; Nfhl;ghl;bidaLj;J vk;ik KOikahf Fog;gj;jpw;Fs; js;Sk; Fthz;lk; 
nfhs;if Fwpj;J Muha;Nthkhapd; xU kjpy; Rtu; rPnke;J fw;fis nfhz;L 
fl;lg;gl;bUg;gijg;Nghd;W xt;nthU nghUSk; mZf;fshy; fl;like;Js;sJ. 
epA+j;jpud;> GNuhj;jpud; fUtpypUf;f mtw;iw Rw;wp ,yj;jpud; tl;lg;ghijapy; 
nry;fpd;wJ. ,J ePy;];Nghupd; fl;likg;ngd;gijAk; ehk; ,q;F epidT$w Ntz;Lk;. 
,f;fl;likg;gpy; xd;WNrUk; mZf;fspd; jd;ikia nghWj;J xt;nthU jdpj;Jtkhd 
nghUl;fSk; cUtike;Js;sd. nghUnshd;wpd; epwk;> tbtk;> jd;ik vd;gd Nghd;w 
midj;J gz;GfSk; mZf;fspd; jd;ikapdhNyNa jPu;khdpf;fg;gLfpd;wJ. kdpjDk; 
,jw;F tpjptpyf;fhdtdy;y. mZf;fs; ntw;wplj;jpy; gutpAs;s epiyapy; cyfpy; 
cs;s nkhj;j mZf;fspd; ntw;wplj;ij ePf;fpdhy; ,t;Tyfk; kpf Ez;zpa mstpw;F 
RUq;fptpLk; vd;gJ mZtpayhsu;fspd; fUj;jhFk;.  
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epue;jukhd cz;ikfis mila mwptpay; tpjpfs; mWjpahditahf ,Uf;f 
Ntz;Lk;. cjhuzkhf epA+l;ldJ tpjpfs; ,d;wstpYk; cyfg; nghUl;fsJ vjpu;fhy 
mirTfis Jy;ypakhf fzpf;f gf;fgykha; epw;fpd;wd. mt;tpjpfspD}lhf mLj;j 
E}w;whz;by; ,lk;ngw ,Uf;Fk; #upa fpufzk;> re;jpu fpufzk; vd;gtw;iwf;$l ,e;j 
nehbapy; Jy;ypakhf fzpg;gplKbAk;. xU nghUspd; jw;Nghija ,Ug;gplk;> 
jpirNtfk;> mjd; kPJ nrYj;jg;gLk; tpir vd;gtw;iw nfhz;Nl mjd; vjpu;fhy 
,Ug;gplk; rupahf fzpf;fg;gLfpd;wJ. rhjhuzkhf ehk; tpisahLk; xU ge;J Fwpj;j 
tpirapy; tPrg;gLk; NghJ mJ vq;Nf nrd;W tpOk; vd;gij ,yFthf mDkhdpf;fyhk;. 
MapDk; Fthz;lk; cyfpy; mWjpapl;L nrhy;tjw;F mg;gbNaJkpy;iy vd 
$wg;gLfpd;wJ. mq;F mj;jidAk; epfo;jftpd; mbg;gilapNyNa mikangw;Ws;sJ. 
,jw;fhd fhuzk; xU mZ %yf;$W vg;NghJ> vq;Nf ,Uf;Fk; vd mWjpapl;L 
$wKbahikahFk;. xUNtis ehk; mZnthd;wpd; ,Ug;gplj;ij fzpf;f Kad;why; 
jpirNtfj;ijAk; jpirNtfj;ij fzpf;f Kad;why; ,Ug;gplj;ijAk; khw;wpf; 
nfhz;NlapUf;Fk;.  

mZf;fs; njhlu;r;rpahf moptile;Jf;nfhz;Lk; Gjpjhf cUthfpf;nfhz;Lk; ,Uf;Fk; 
vd;gJ mZtpay; Ma;thsu;fspd; rpe;jidahFk;. MfNt gpugQ;rj;jpYs;s 
ve;jnthd;Wk; epiyahdjy;y vd;gJ ,q;F Gydhfpd;wJ. mZf;fspd; ,Ug;gplj;ij 
fz;lwptJ kl;Lkd;wp mit nraw;gLk; tpjq;fSk; ku;kkhditahFk;. mZf;fs; ehk; 
mtjhdpf;Fk;NghJ xU tifapYk; mtjhdpf;fhjNghJ ,d;ndhU tifapYk; 
nraw;gLfpd;wd vd;gij ,ul;ilg; gpsT gupNrhjid fz;lwpe;jJ. mjhtJ Ma;T 
nra;Ak; NghJ Fwpj;j nghUspd; xsp vkJ fz; my;yJ NtW mtjhdpg;Gf; fUtpfis 
te;jiltjhy; mt;thwhd khw;wk; Vw;gLtjhf ,jw;F tpsf;fKk; jug;gLfpd;wJ. 
,k;KbthdJ Gupe;Jf;nfhs;s fbdkhdjhFk;;. 

mLj;jjhf Fthz;lk; gpd;dypy; xU mZj;Jfs; NrhbahdJ xd;Wld; xd;W 

gpizf;fg;gl;L ,Uf;Fk;. mt;tZj;JfSf;F ];gpd; (Spin) vDk; gz;G cz;L. ];gpd; 
vd;gJ ,U tifahd rhj;jpaq;fis Fwpf;Fk;. mjhtJ mit Nky; my;yJ fPo;> tyJ 
my;yJ ,lJ vd;wthwhd vjpu;kiw rhj;jpag;ghLfshFk;. vt;tsT njhiytpy; 
,Ug;gpDk; gpizf;fg;gl;l ,U mZj;Jfs;fspy; xd;W tyJ gf;fk; jpUk;gpdhy; 
kw;iwaJ ,lJ gf;fk; jpUk;Gk;. vLj;Jf;fhl;lhf> gpizf;fg;gl;l %yf;$Wfis 
nfhz;L ,U ehzaq;fs; cUthf;fg;gLfpd;wd. xU ehzaj;ij vkJ tPl;bd; xU 
miwapYk; ,d;ndhU ehzaj;ij cyfpy; VNjh xU %iyapYk; itj;J Row;Wk; 
NghJ vkf;F jiy fpilf;Fkhapd; mq;F epr;rakhf g+ fpilf;Fk;. ,jpYs;s rpf;fy; 
ahnjdpy; xspia tpQ;rpa Ntfj;jpy; jfty; vt;thW flj;jg;gLfpd;wJ vd;gJjhd;. 
xspapd; Ntfj;jpy; jfty; flj;jg;gl;lhy; $l Xupuz;L nehbfs; vLf;Fk;. MapDk; 
G+r;rpa Neuj;jpy; ,lk;ngWk; ,r;nraw;ghL mwptpayhsu;fisNa Fog;gj;jpw;Fs; 
js;spAs;sJ.  

Nkw;$wg;gl;lijNa Rg;gu;nghrprd; vd;w vz;zf;fUtpd; Clhf tpsf;Fk;NghJ fz;zhb 
Nghj;jnyhd;iw J}f;fp vwpe;jhy; mJ cile;jpUf;fNtz;Lk; my;yJ cilahj 
epiyapy; ,Uf;f Ntz;Lk;. vdpDk; xNu Neuj;jpy; cile;Jk; cilahkYk; ,Uf;Fk; 
epiyg;ghl;il Gupe;J nfhs;tjw;fhd ,aYik vkf;F ,y;iynad;Nw $wNtz;Lk;. 
mNjNghy; xU fjT %b ,Uf;fyhk;> jpwe;jpUf;fyhk; my;yJ miug;gFjp jpwe;Jk; 
miug;gFjp %bAk; ,Uf;fyhk;. MapDk; xNu re;ju;g;gj;jpy; xU fjT KOikahf 
%bAk; KOikahf jpwe;Jk; ,Ug;gjhf fw;gid nra;aTk; KbahkYs;sJ.,t;tpU 
rhj;jpa epiyg;ghNl Fthz;lk; Rg;gu;nghrprd; MFk;. 

Fthz;lk; gpd;dy;> Fthz;lk; Rg;gu; nghrprd; vd;gtw;NwhL ,ize;j kw;WnkhU Kf;fpa 
mk;rk; Fthz;lk; ldypq; MFk;. xU ghijapy; Ntfkhf gazpj;Jf; nfhz;bUf;fpd;w 
fhnuhd;W ghiwnahd;wpy; Nkhj mjd; gazg;ghijapy; jilNaw;gLk;. vdNt 
mf;fhupdhy; efu KbahJ. mNjNghd;W Mw;wpy; fl;lg;gLk; mizf;fl;il jhz;b ePu; 
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nry;y KbahJ. Mdhy; mZf;fs; vj;jifa jilfisAk; jhz;b nry;yf;$ba Mw;wy; 
ngw;Ws;sd vd;gijNa Fthz;lk; ldypq; typAWj;Jfpd;wJ. ,Uk;Gr;Rtu; xd;wpd; 
xUGwkpUe;J mZj;Jfs;fis nrYj;jpdhy; mit ,yFthf Rtiu fle;J kWGwk; 
nrd;WtpLk; jpwd; nfhz;lit. ,e;epiyg;ghl;bdplj;jpy; vkJ mwpT KOikahd 
rpf;fy;epiyia vjpu;nfhs;fpd;wJ. 

NkYk;> mwptpay; Nfhl;ghL xd;wpd; mbg;gilj; jd;ik ajhu;j;jj;ij (Real) 
gpujpgypg;gjhFk;. Mdhy; mij mZf;fspd; cyfpy; fhzKbtjpy;iy. Fthz;lk; 
nfhs;ifapd;gb xU mZj;Jfs; xNu Neuj;jpy; gy ,lq;fspy; ,Uf;f KbAk;;. ,jid 
md;whl tho;f;if nraw;ghLfSld; nghUj;jpg; ghu;g;Nghkhapd; Nkirapd; kPJ xU ge;J 
cs;sJ. mNj ge;J Nkirf;F fPOk; fl;bypd; kPJk; cs;sJ vd;gij Vw;f KbahJ. 
NkYk; ajhu;j;jj;jpw;F khw;wkhdjhf Fthz;lk; cyfpy; xU mZj;Jfis ahNjDk; 
xU Kiwapy; mstpLk; re;ju;g;gj;jpy; my;yJ Fwpj;j jUzj;jpy; khj;jpuNk mJ 
,Ug;gpy; cs;sjhf $wg;gLfpd;wJ. mstpl Kd; mJ vq;F ,Ue;jJ mstpl;l gpd; 
vq;F ,Uf;Fk; vd;gij mwpa KbahJ vd;w Fog;gfu tpsf;fj;ijAk; mZtpay; 
Ma;thsu;fs; Kd;itf;fpd;wdu;.  

mDgt mwpT Gwtaj;jd;ikia KOikahf ek;gpAs;sJ. Gwtakhf Nehf;f Kbahj 
xd;iw Ma;tpw;Fl;gLj;jTk; KbahJ. xU nghUshapd; mjw;nfd;W xU kjpg;G ,Uf;f 
Ntz;Lk;. gpugQ;rf;$Wfs; tbtk;> epwk;> epiw> jd;ik vd;wthwhd gz;Gfis 
nfhz;bUg;gjhNyNa mtw;iw ehk; milahsk; fhz;fpd;Nwhk;. fjpiu> Nkir> Nghj;jy;> 
ge;J vd;gtw;Wf;nfy;yhk; Gwtakhd gz;Gfs; cz;L. Fthz;lk; Jfs;fSf;F gz;Gfs; 
,y;iy. vd;W $wg;gLfpd;wJ. xU Jfspd; gz;ig kjpg;gpLk;NghNj mg;gz;G 
cUthf;fg;gLfpd;wJ vd;gJ ,jD}lhf Gyg;gLj;jg;gLfpd;wJ. ve;j gz;igAk; ngwhj 
xU nghUis vkJ mDgtTyfpy; milahsk; fhz KbAkh vd;gJ re;NjfkhdjhFk;. 

xspapd; jd;ik gw;wpa gupNrhjidfspd; gpufhuk; xspg;gw;wpa miyf;nfhs;if xsp 
miy Nghd;W gazpg;gjhfTk; Jfs;nfhs;if xsp Jfs; Nghd;w jd;ikAld; 
gazpg;gjhfTk; typAWj;j xspapd; ,Uikg; gz;ig tpgupf;Fk; nfhs;if xsp 
rpyNtisfspy; miyahfTk; rpyNtisfspy; JfshfTk; efu;tjhf $Wfpd;wJ. 
nghJthfNt vkJ mDgtk; xspapd; miy gz;ig Vw;whYk; Jfs; gz;ig Vw;gjpy;iy. 
gpw;gl;l Ma;Tfspy; xsp kl;Lkd;wp gUg;nghUl;fSk; miy - Jfs; ,Uikg; gz;ig 
ntspg;gLj;JtjhfTk; fz;lwpag;gl;Ls;sJ. ePu;> fhw;W> xyp vd;gd miyg;gz;Gilad 
vd;gij fhl;bYk; fw;fs;> kuf;fl;ilfs; Nghd;wd miy gz;Gilad vd;gJ 
gFj;jwptpypUe;J khWgl;l Gjpa tpsf;fq;fshFk;.. 

ehk; thOk; ,e;jf;fhyg;gFjpapy; vkJ cyifnahj;j ,d;Dk; gy cyfq;fs; cs;sd 
vd;gJ `pa+ n`tu;l; vDk; mwpQuJ tpsf;fkhFk;. Vw;fdNt ehk; tpsf;fpa 
];Nuhbq;fupd; g+idf; Nfhl;ghl;by; g+id ,we;Jk; ,wf;fhkYk; cs;s epiy Fwpj;J 
mwpe;Js;Nshk;. xUNtis ngl;bia jpwf;Fk;NghJ g+id ,we;jpUe;jhy; ,d;ndhU 
cyfj;jpy; mg;g+id capNuhL ,Uf;Fk; vd n`tu;l; njspTgLj;jpdhu;. mjhtJ 
,t;Tyfpy; elf;fpd;w xU epfo;tpw;F vjpu;kiwahd epfo;T ,d;ndhU cyfpy; 
elf;fpd;wJ. cjhuzkhf Xl;lg; ge;jankhd;wpy; fye;Jnfhz;l tpky; vd;w egu; 
Nghl;bapy; Njhy;tpailfpd;whu;. mNj epfo;T NtnwhU cyfpYk; elf;fpd;wJ. Mdhy; 
tpky; mq;F ntw;wpailfpd;whu; vd;wthW gy;Yyf Nfhl;ghl;bw;F n`tu;;l; 
tpsf;fkspf;fpd;whu;. ,J jtpu ngUntbg;gpd; %yNk ,g;gpugQ;rk; cUthdJ vd;gij 
ek;gpdhy; ngUntbg;G xUKiwjhd; ele;jJ vd;gijAk; ek;g Ntz;ba mtrpakpy;iy. 
gy Kiw ntbg;Gf;fs; cUthfp gy cyfq;fs; Njhd;wpapUf;fyhk; vd;gJ rpy 
mwptpayhsu;fsJ IakhFk;. ,Jtiu Nrhjidg+u;tkhf ,it epUgpf;fg;glhtpl;lhYk; 
,J njhlu;ghd Ma;Tfs; Kd;ndLf;fg;gl;l tz;zk; cs;sikAk; Fwpg;gplj;jf;fJ.  
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4. KbTiu 

ngsjpf cyF Fwpj;j Ma;Tfs; Neubahf vkJ Gyd;fSf;F mfg;gLk; cyf 
mk;rq;fis njhFj;J Nehf;Fk;NghJ vjpu;nfhs;shj neUf;fbfis etPd fhyk; kpf 
Ez;zpa mk;rq;fis gFj;J ghu;f;Fk;NghJ vjpu;nfhz;Ls;sJ. kdpjd; cyfk; 
njhlu;ghd GupjYf;fhf gFj;jwpitNa Kw;WKOjhf ek;gpapUf;Fk; epiyapy; etPdfhy 
tpsf;fq;fs;  ,g;gFj;jwptpdhy; milag;gl Kbahjitahf khwpAs;sd. Nkw;$wg;gl;l 
tplaq;fs; ngsjpftpaypd; Kd;Ndw;wj;ij fhl;Lfpd;w NghjpYk; ,it kughu;e;j 
rpe;jidfspypUe;J NtWgl;l GJtif tpsf;fq;fNsahFk;. kughu;e;j ngsjpftpaypdJ 
MzpNtiu ,J mirtpw;Fl;gLj;jp cs;sJ. ,d;dJ ,d;dJ jhd; vd;w tiuaiwfis 
jfu;j;njwptJld; mit nghJg;gilahd gFj;jwpitf; nfhz;L Gupe;J nfhs;s 
KbahjitahFk;. ehSf;F ehs; Kd;Ndwpf; nfhz;bUf;Fk; ngsjpftpay; my;yJ 
mwptpaypd; Gjpa tpsf;fq;fisAk;> fz;Lgpbg;GfisAk; rhjhuz kdpjd; KOikahf 
Gupe;J nfhs;s Ntz;Lkhapd; mtdJ gFj;jwpT ve;jstpw;F Nkk;gLj;jg;gl Ntz;Lk; 
vd;gij ,q;F czu Kbfpd;wJ.  
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