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mns, qYv&y h` vQkQrNy 
 

 
a@p~ iwQh`s@y~ s~vr~Nmy yEgy vR@y~ p#rNQ anEr`{pEr yEgy bvt amEwO@vn~ s`]Q avX& @n` @vyQ. @mrt 
wQbR ip#rNQ sAs~k^wQy h` mQhQ[E hQmQyn~ vQsQn~ nQl vX@yn~ @gnn lq @}rv`qW @b_q~{ sAs~k^wQy mEsEvW@mn~ 
nQr~m`Ny @kr#NE sQAhl @b_q~{ sAs~k^wQy ps~v#nQ sQyvs pmN vn @wk~ m aUw~ q#nEm ekwO@k@L~ y. 
e@hw~ in~psEv apt qk~nt a#w~@w~ vr~{nyvWmt m#lQkmk~ q#k~vR sAs~k^wQykQ. mEl~k`l@y~ qW @l`~k@y~ 
@}rv`qW m{&s~}`n wQbW a#w~@w~ @qkk#yQ q, e~ m{&s~}`n lAk`@v| h` a`n~qY pY@q~X@y~ vQNQ y#yQ q kQvh#kQ y. 
e@hw~ klQn~ s[hn~krn lq a`k`ryt bEqEqhm x`rw@y~ bY`h~mNyn~@g~ pYh`ryt hsEvW a`r]Nv`qW 
pYwQpw~wQyk~ anEgmny@krW @mrt mh`vQh`r@yn~ nQr~m`NkrNy awpsE vR bvk~ @p@nn~nt a#w.  e@hw~ 
axygQrQyt e~ pYX~ny e~ a`k`r@yn~ blp$ a`k`ryk~ @p@n~nt n#w. axygQrQy in~psEv q ym| ym| nQr~m`N 
kL bvw~ e~ nQr~m`N @b`@h`~vQt q#nEmt vd` kl`XQl~p v#nQ @vnw~ @]wYvlt sWm`vR bvw~ @pnW yyQ.  
 
axygQrQ@y~ kYQy`kl`py @k@s~ vEv q mh`vQh`ry nQr~m`NkrN@yn~ b#h#rvWm vQX`l p`dEvk~ vQy. hw~v#nQ 
atv#nQ sQyvs~vlt psEv q, sEU nQr~m`N q#kQy h#kQ vEv q, @pr @mn~ v#qgw~ s~v@q~XWy nQr~m`N kQsQm 
@]wYyk qk~nt @n` l#@byQ. in~psEv @b`@h ~̀vQt nQr~m`N @krW a#w~@w~ x`rw@y~ q#nEm @mrt sQAhl 
@b_q~{ sAs~k^wQyt av@X`~;Ny kQrW@m| qW y. gq& pq& a`qW s`hQw& nQr~m`N@y~ qW @m| bv apt @pnW yyQ. 
ac@X~~;Ny q  ym| a`k`ryk nQr~m`Nyk~ nmEqE e~ hEqE @q~XWy nQr~m`Nyk~ wrmt v#qgw~ @v| y#yQ @n` 
kQvh#kQ y. s`hQw&@yhQ qW ev#nQ @h`~ nQr~m`N q#kQy h#kQ vEv q, X`s~wYWy q#nEm sm|bn~{@yn~ ev#nQ @qyk~ 
@h`~ sQqE vW @n` m#w.  
 
eyt @h~wOv a`r]Nv`qW pYwQpw~wQy y#yQ kQvh#kQ y. mh`vQh`r@y~ xQ]Rn~vhn~@s~ t bEqEqhm a`r]`kQrWm  
jWvQw@yhQ v#qgw~ m k`r~yy vQy. a`n~qY pY@q~X@yn~ @}rv`qy n#wQvW@mn~ psEv lAk`v @}rv`q bEqE qh@mhQ 
pY{`n a`r]ky` bvt pw~vQy. a#w#m|vQt mh`vQh`rQk xQ]Rn~ vhn~@s~ e@s~ a`r]Nv`qW pYwQpw~wQyk~ 
anEgmnykQrW@m| pYwQPly @ls psEklk qW bEqE ssEn n#wQv yn ww~w~vykt pw~vn~nt a#w. phrqWm 
@h`[m a`r]Nv`qW pYwQpw~wQy @v|y yn~n amwk @n`@k@L~ nm| a#w#m|vQt lAk`@vn~ bEqEEqhm b#h#rvW@m| 
wr~jnykt iwQh`s@y~ kQsQ qQ@nk mEhEn @n`p$mt  id wQbENQ.  
 
@k@s~ @vww~ @m| a`r]Nv`qW pYwQpw~wQy anEgmnykQrW@m| pYwQlyk~ @ls avs~}` kQhQpyk m lAk`@vn~ 
bEqEqhm n#wQvW@m| wr~jny vQy. aq vEv q apt a@p~ nQr~m`N sm|bn~{@yn~ kQvh#k~@k~ ev#nQ kr#NkQ. @m| 
@h~wO@vn~ @mrt sAs~k^wQyt hQmQw#n ahQmQ kQrWm s[h` vQvQ{ a`k`r@y~ sAvQ{`n`w~mk a`ywn vQsQn~ pYbl 
v&`p`r @gnynE l#bW a#w. q#nEEqE e~ sQqE@vyQ. ar]Nv`qW pYwQpw~wQy @ktQk`lWnv yhpw~ vQy h#kQ nmEqE 
qWr~Gk`lWnv gw~kl in~ yhpwkt vd` ayhpwk~ vn bv p#h#qQlQy.  
 
a`r]Nv`qW pYwQpw~wQy @h~wO@k`t@gn atEv` tWk` a`qQy bEq~{vcny @mn~ s#l@kn ww~w~vyk~ uq`vQy. ap 
aq uw~s`hkrn~@n~ a@p~ pYv`q nQr~m`NykQrWmt y. ehQ qW apQ sQAhl @b_q~{ cQn~wny mw pqnm| @vmE. 
e@mn~ m atEv`, tWk` a`qQy sQAhl @b_q~{ cQn~wny mw pqnm| v nQr~m`ny @kr#NE q#nEm| @ls slkmQn~ 
a@p~ pYv`q nQr~m`N@y~ qW  e~ gOr#@k`t q gnQmE. e@hw~ e~ q#nEm bEq~{x`;Qwyk~ @ls @n` slkmE. avX& nm| 
e~ q#nEm sA@X ~̀{nykQrWmt @h`~ pYwQ@]pkQrWmt @h`~ apQ psEbt @n` @vmE.  
 
a`r]Nv`qW pYwQpw~wQ@yn~ sQqE vW a#w~@w~ a@p~ q#nEmk~ vr~{ny @n` vWm y. a`r]Nv`qW pYwQpw~wQykQn~ 
@w`rv sQAhl @b_q~{ sAs~k^wQy ng`sQtEvWmt q h#kQ y. a@nk~ awt aq ap a@p~ pYv`q, vQ@X~;@yn~ m 
vQyEk~w pYv`q @g`d@n`n#gOv@h`w~ apt v#dQklk~ sQAhl @b_q~{ sAs~k^wQy rFkg#nWmt q @n`h#kQvnE a#w. 
sQAhl @b_q~{ sAs~k^wQy rFkg#nWm ynE e~ @vns~ @n`kQrWm @n` @vyQ. @vns~ @n`vn sAs~k^wQyk~ 
rFkg#nWmt @n` h#kQ y. 
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aq apt pYv`q nQr~m`NykQrW@m| qW mEhENqWmt a#wQ ek~ g#tUvk~ nm| apt avX& sQyl~l p#rNQ @p`wp@whQ 
a#w#yQ ynE@vn~ @k@rn upkl~pny y. uq`hrN @ls gw@h`w~ @b_q~{ a`r~}Qky (a`r~}Qk vQq&`v) @h`~ 
@b_q~{ @q~Xp`lny (@q~Xp`ln vQq&`v) @h ~̀ sRwY @q~Xn`vl a#w#yQ a#w#m|hE sQwwQ. @m| pEq~glyn~ vQyEk~w 
pYv`qyk~ ynE kOmk~ q yn~n wb` pYv`qyk~ ynE kOmk~ q#yQ @n`qn~n` bv p#h#qQlQ y. sRwY @q~Xn`vl @h`~ 
atEv`, tWk` a`qW p#rNQ @p`wp@whQ @h`~ e@ls a`r~}Qk vQq&`vk~ @h`~ @q~Xp`ln vQq&`vk~ @h`~ n#w. a`r~}Qky 
@h`~ @q~Xp`lny @h`~ pQLQb[ kr#Nk~ @qkk~ ehQ s[hn~vn bv a#w~w y. e@hw~ e~ pYv`q @n` @vyQ. 
uq`hrNyk~ vX@yn~ gw@h`w~ sQg`@l`~v`q sRwY@yhQ pEq~glykO vQyqm|kLyEwO a`k`ry h` iwQrQkLyEwO 
a`k`ry pQLQb[ s[hn~@vyQ. e~ q#nEm a`r~}Qk pYv`qyk~ @n` @vyQ. e~ q#nEm mw hQ[QmQn~ apt a`r~}Qkyk~ 
@g`dng`gw @n` h#kQ y. 
 
mns sm|bn~{@yn~ pYv`qyk~ @g`dn#gWmt apQ uw~s`hkrn~@nmE. e~ q#nEm smhrvQt ap s`m`n&@yn~ sQAhl 
@b_q~{ sAs~k^wQ@yhQ pQLQ@gn a#wQ q#nEmt vd` @vns~vQy h#kQ y. ey apt pYX~nyk~ @n` @vyQ. ap 
uw~s`hkrn~@n~ a@p~ cQn~wny kOmk~q#yQ h[En`@gn e~ mw pqnm| vW nv q#nEmk~ @g`dng`g#nWm y. q#nEm 
nQr~m`nykQr@m| qW ap s#lkQlQmw~ vQy yEw~@w~ a@p~ cQn~wny pQLQb[ v y. (cQn~wny vEv q @vns~ @n`vn~@n~ 
y#yQ @myQn~ gm& @n` @vyQ.)  
 
aq @mrt @b`@h`~ @qn` m@n`~k`y nm| sAkl~pyk~ g#n kw`krwQ. pEq~glykO swO m@n`~k`y e~ pEq~gly`@g~ 
mrNQn~ psE @x_wQk sQr#r aw~h#r yn bv a#w#m|hE kQywQ. a#w#mEn~t anEv pEq~glykO jWvw~ v sQtQy qW q 
m@n`~k`yt sQr#@rn~ pQtvW y$@m| h#kQy`vk~ a#w. a#w#m| @r ~̀gWn~t Xl&kr~m @k@rn avs~}`vl m@n ~̀k`y 
sQr#@rn~ ivw~ vW ah@shQ sQt Xl&kr~my krnE bl` sQtQ avs~}` g#n q s[hn~ @vyQ. Xl&kr~m@yn~ psE 
m@n`~k`y n#vww~ @x_wQk sQr#rt a#wOl~vW a#wQ bv q  s[hn~ @vyQ. adEwrmQn~ e@s~ a#wOl~vWmk~ 
upkl~pny @k@ryQ.  
 
a#w#mEn~t  anEv pEq~glykO@g~ m@n ~̀k`y e~ pEq~gly`@g~ @x_wQk sQr#@r~ s~vr#py m gnQyQ.  ey e@s~ vQy 
h#kQ y. e@hw~ p#h#qQlQv m e~ e@s~ nm| e~ m@n`~k`y e~ pEq~gly` (sw~w~vy`) @vnw~ xvyk @x_wQk XrWryk~ 
a#wQv upw lbn @wk~ pmNk~ vQy yEwO y. e@s~ @vnw~ xvyk upw l#bW@mn~ psEv @vnw~ @x_wQk 
XrWryk~ l#@bn~@n~ nm| evQt yt kW aqhs anEv m@n`~k`y e~ aUw~ @x_wQk XrWr@y~ s~vr$py gwyEwO y. 
e@hw~ m@n`~k`y pQLQb[ @mv#nQ aqhs~vlQn~ pmNk~ apt s$hWmkt pw~vQy @n` h#kQ y. m@n ~̀k`y nQr~m`Ny 
vW a#w~@w~ kQnm| qYv&vlQn~ q? a@nk~ awt aUw~ xv@y~ @x_wQk XrWryk~ @n`lbn sw~w~vykOt a#w~@w~ 
m@n`~k`y pmNk~ q? e~ m@n`~k`@y~ s~vr$py @pr xv@y~ @x_wQk XrWr@y~ s~vr$py wvqErtw~ gn~@n~ q? @m| 
pYX~n h` wvw~ ev#nQ pYX~n smbn~{@yn~ sAgw pQLQwOr# lb`qWmt apt h#kQvQy yEwO y. e@s~ n#w@h`w~ e~ 
q#nEmt pQLQg#nWmk~ @n` l#@byQ.  
 
e@hw~ eytw~ vd` v#qgw~ pYX~n @vyQ. m@n ~̀k`y h` mns awr a#wQ sm|bn~{y kOmk~ q? mns ynE 
m@n`~k`y m q? e@s~ nm| apt amEwO@vn~ m@n ~̀k`y ynE@vn~ sAkl~pyk~ avX& vn~@n~ a#yQ? m@n`~k`y ym| 
qYv&ykQn~ @h ~̀ qYv&vlQn~ nQr~m`Ny vW a#w~nm| mns nQr~m`Ny vW a#w~@w~ kQnm| qYv&ykQn~ q? e~ pYX~ny e@s~ 
a#sWm nQv#rqQ q?  mns qYv&ykQn~ nQr~m`Ny vQy h#kQ q? n`m r$p pc|cy` vQz~z`N, vQz~z`N pc|cy` 
n`m r$p ynE@vn~ ptQc|c smEp~p`qy vQs~wrkQrW@m| qW a#w#m| w#@nk s[hn~vn q#yQn~ kQy#@vn~@n~ kOmk~ q?  
 
mns ymkQn~ nQr~m`Ny vW a#w#yQ kQyn~nn~ wrm| qYv&v`qWn~ (@x_wQkv`qWn~) sQtQy h#kQ y#yQ mm @n` sQwmQ. 
mns ymkQn~ (enm| qYv&ykQn~) nQr~m`Ny vW a#w#yQ kQyn~@n`~ mRlQk vX@yn~ gw~kl sQyl~l qYv&yt u_nny 
kLh#kQ y#yQ sQwn u_nQwv`qWhE @vwQ. wm sQw#MQ anEv sQw mQs ky n#wQ bB@l`vk~ g#n kQy#@vn~@n~ @k@s~ 
q#yQ @w~r#m|kL @n`h#kQ vR vQt @m| qYv&v`qW u_nQwv`qWhE ev#nQ bB@l`vk ky iw` sQyEm| a`k`ryk~ gn~@n~ 
y#yQ kQywQ. @m| sQyEm|bv @kwrm| sQyEm| q#yQ ovEhE vQs~wr @n` krwQ. 
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@m| u_nQwv`qWhE bEqEqhmvw~ bthQr vQq&`vvw~ hrQh#tQ qn~@n`~ @n` @vwQ. apQ pLmEv bthQr vQq&`@vhQ qYv&y 
pQLQb[ v kQy#@vn~@n~ kOmk~q#yQ slk` blmE. bthQr vQq&`@vhQ qYv&y (matter) h` vQkQrN (radiation) 
ynE@vn~ @k`ts~ @qkk~ @vyQ. e@hw~ in~ kQy#@vn~@n~ e~ vr~g ekQ@nkQn~ s~v`yw~w v pvwQn bv @n` @vyQ. 
qYv&y vQkQrN bvt q vQkQrN qYv&y bvt q pw~kL h#kQ y. @n` e@s~ nm| pw~@vyQ. qYv&y @mn~ m vQkQrNy 
q avs`n vX@yn~ gw~kl Xk~wQy @vyQ. Gn, qYv v`yE p~ls~m`vl pmNk~ @n`v vQkQrN@yhQ q Xk~wQy @vyQ.  
         2  
ayQn~s~tyQn~ vQq~vw`@g~  E = mc  smWkrN@yn~ qYv&@yhQ a#wQ Xk~wQyk~ g#n kQy#@vyQ. @mhQ E ynE Xk~wQy 
q m ynE s~kn~{y q @vyQ.  
 
s`m`n& w`rk`vl @m| kYQy`vlQy nQrn~wr@yn~ sQQqE@vyQ. ehQ qYv&yvl s~vr$py n&;~tQk pYwQkYQy` os~@s~ 
@vns~ @vyQ. uq`hrNyk~ @ls a#w#m| w`rk`vk hyQdYjn~ prm`NE ekwO vW (q#vW) hWlQym| prm`NE nQr~m`Ny 
vnv` vQy h#kQ y. hyQdYjn~ prm`NE e@s~ q#vW hWlQym| bvt pw~vW@m| qW ehQ aAXOvl s~kn~{y adE@vyQ. e~ 
hyQdYjn~ prm`NEvl h` q#vW@mn~ nQr~mQw vR hWlQym| prm`NEvl s~kn~{ awr @vns ihw s[hn~ smWkrNy 
anEv Xk~wQy bvt pw~@vyQ. e~ Xk~wQy vQkQrNy bvt pw~@vyQ. @vnw~ vcnvlQn~ kQyn~@n~ nm| qYv&y 
vQkQrNy bvt pw~@vyQ. a@nk~ awt prm`NEvkt vQkQrNy av@X`~;Ny  kL h#kQ y. e@s~ av@X`~;Ny 
@k@rn vQkQrNy prm`NE@v| i@lk~@tY`~nykt ek k]Qk`vk (orbital) sQt @vnw~ k]Qk`vkt p#nWmt 
ivhl~vnE a#w. ev#nQ kYQy`vlQyk pYwQPlyk~ @ls prm`NE@v| s~kn~{y q sEU vX@yn~ @h`~ v#dQvn bv q 
amwk @n`kL yEwO y.    
 
mh`c`r~y nlQn~ q sQl~v` 
 
 
 
   
  
 
 
 
 
 


