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pYwQm` n#wQ vQqElQ @ktWm 
 

 
a#w#m| pVQvr# bEq~{@G`~; hQmQynt @pr @mrt sQAhl bsQn~ lQyn lq atEv` wQbQNQ y yn~n vQX~v`s @n`krwQ. 
ovEn~t anEv @hLtEv` ynE @hL (sQAhl) bsQn~ lQyn lq atEv` @n`v sQAhl @q~X@y~ lQyn lq atEv` @vyQ. 
@my nv mwyk~ vQy h#kQ nmEw~ ey kr#NE shQw v  @pn~v`qWmt e~ pVQvr# a@p`hsw~  @vwQ. ovEn~t e~ 
s[h` kWmt a#wQ ekm kr#N anEr`{pEr mEl~ yEg@yhQ sQAhl x`;`v ewrm| qQyENE n#w#yQ yn upkl~pny 
pmNkQ. e@hw~ mQhQ[E hQmQyn~ @q~v`nm|pQy wQs~s rjEt pmNk~ @n`v @mrt ekl vQsR sQyU @qn`t m qhm| 
@qs` a#w~@w~ sQAh@ln~ y. sQAh@ln~ qhm| @qsWm g#n kQy#@vn~n pQLQb[ v @m| pVQvr#n~t kWmt a#w~@w~ ek~ 
@qykQ. ovEhE e~ kw`v pYwQ@]p krwQ. evQt ovEn~ pvsn~@n~ m`g{W pY`k^wy h` ekl sQAhl awr ewrm| 
@vnsk~ @n`wQbR b#vQn~ mQhQ[E hQmQyn~ m`g{W pY`k^w@yn~ qhm| @qsEv q e~ av@b`~{ krg#nWmt @mrt 
v#sQyn~t aphsEvk~ @n`vR bv y. @my ek~wr` a`k`rykQn~ gw@h`w~ pYv`qyk~ q @vyQ. apQ @m| pYv`qy 
pQLQb[ v @ktQ vQmsEmk~ krmE. e~ smg eyt aq`L v @y@h`~v` @qvQyn~ vhn~@s~ g#n q s`kc|C` krmE.  
 
ihw s[hn~ pYv`qy bthQr vQq&`@v| qk~nt a#wQ a`k`r@y~ vQyEk~w s`{`rN (@p`qE - general) pYv`qyk~ 
@n`@v|. @my nQX~cQw kr#Nk~ pQLQb[ v a#wQ sAyEk~w pYv`qyk~ pmNkQ. pYv`q ynE sAyEk~w @v|v`, vQyEk~w 
@v|v` kwn~qr b#vQn~ @my q kwn~qrykQ. vQyEk~w pYv`qyk~ @g`dn#@gn~@n~ vQyEk~w sAkl~p a`{`r 
krgnQmQnQ. uq`hrNyk~ @ls nQv|tn~ pVQvry`@g~ nmQn~ a#wQ gOr#w~v`kr~;N pYv`qy gnQmE. ehQ qW pYX~nyk~ 
@vyQ. e~ pYX~ny nm| @p`l~ (a#pl~) @p`@L`vt v#@tn~@n~ a#yQ q yn~n y. e~ smg h[ @p`@L`v vt` yn~@n~ 
a#yQ q yn~nw~ @p`@L`v a#wOU gYh vs~wSn~ ir vt` yn~@n~ a#yQ q yn~nw~ vQy. gOr#w~v`kr~;N pYv`q@yn~ 
pQLQwOr# l#@bn~@n~ @m| pYX~nvlt y. @mhQ qW pYX~nyt x`jny vn~@n~ s`{`rN kr#NkQ. ey ek~ @p`l~ 
@gdQyk~ pmNk~ h` sm|bn~{ vR pYX~nyk~ @n`@v|. pYX~ny sQyU @p`l~ @gdQ sm|bn~{@ynQ. vr~wm`n@yhQ 
wQ@bn @p`l~ @gdQ g#n pmNk~ @n`v awWw@yhQ wQbR @p`l~ @gdQ g#n q an`gw@yhQ wQbQy h#kQ @p`l~ @gdQ 
g#n q pYX~ny vlAgO @vyQ. epmNk~ @n`v @p`l~ h#@rn~nt @vnw~ @gdQ vr~g sm|bn~{@yn~ q pYX~ny aq`L 
@vyQ. gs~vlQn~ v#@tn vs~wO sm|bn~{@yn~ pmNk~ @n`v gl~ k#t v#nQ ud qmn (pY@]pNy @k@rn) vs~wO 
sm|bn~{@yn~ q e~ pYX~ny a#sQy h#kQ y. epmnk~ @n`@v|. @p`@L`@v| a#wQ vs~wOvlQn~ pQtwt @g`s~ ir, h[, 
w`rk`, gYh vs~wO v#nQ K@g`~lWy (celestial) vs~wO sm|bn~{@yn~ q aq`L pYX~n a#sQy h#kQ y.  
 
@m| pYX~nyt pQLQwOrk~ vR@y~ gOr#w~v`kr~;N pYv`qyyQ. wvw~ pQLQwOrk~ vR@y~ s`{`rN s`@p~]w`v`qyyQ. e~ 
pYX~nyt wvw~ pQLQwOr# @vyQ. apQ aq e~ @n`qnQmE. e@hw~ an`gw@yhQ ym| qQ@nk ym| kQsQvkO e~ pYX~nyt 
@vnw~ m pQLQwOrk~ @qnE a#w. e@ls qQy h#kQ pQLQwOr# r`XQyk~ @vyQ. apQ q#nt qW a#wQ pQLQwOr# @qk sLk` 
blmE. in~ ek~ pQLQwOrk a#w~@w~ gOr#w~v`kr~;N bly pQLQb[ sAkl~py y. e@s~w~ n#w~nm| gOr#w~v`kr~;N 
@]wYy pQLQb[ sAkl~py y. a@nk~ pQLQwO@rhQ a#w~@w~ avk`X k`l@yhQ vkYw`v (curvature of space -
time) pQLQb[ sAkl~py y. @m| sAkl~p @qk m vQyEk~w @vyQ. s`{`rN sAsQq~{Q (phenomena) pQLQb[ v 
iqQrQpw~ @k@rn pYv`qvl vQyEk~w sAkl~p adAgO @vyQ. s`{`rN sAsQq~{Qy pv` iqQrQpw~ kL h#k~@k~ vQyEk~w 
sAkl~p a`XY@yn~ y.  
 
apQ aq`L pYX~nyt n#vww~ ymE. ap asn~@n~ ahvl~ @p`l~ @gdQy @p`@L`vt v#tE@N~ a#yQ q yn~n @n`@v|. 
@p`l~ @gdQ @p`@L`vt v#@tn~@n~ a#yQ q yn~n q @n`@v|. awWw@yhQ p#vwQ, vr~wm`n@yhQ pvwQn, 
an`gw@yhQ p#vwQy h#kQ sQyU @gdQ vr~g g#n pmNk~  @n`v gl~k#t v#nQ q$ h` K@g`~lWy ir h[ a`qQy 
g#n q pYX~ny ym| a`k`rykt vlAgO @vyQ. q#n~ apt @p`l~ @gdQy, gl~ k#ty a`qQy g#n @vn @vn m 
s[hn~ kL @n`h#kQ y. eb#vQn~ e~ sQyl~lt m vs~wOv (object) yn vcny - sAkl~py @y`q` gnQmE. vs~wOv 
yn~n vQyEk~w sAkl~pykQ. vs~wOv yn~n apt sQ@whQ mv`gw h#k~kk~ @n`@v|. e~ s[h` cQw~w r$pyk~ 
@n`pvwQyQ. vs~wOvk~ ynE @p`l~ @gdQ, gYh vs~wO, gs~ v#l~, a`qW sQyl~lt a#wQ @p`qE gONykQ. cQw~w r$p 
@n`m#wQ sAkl~pvl pqn@m| a#w~@w~ @y@h`~v` nm| yE@qv| @qvQyn~ vhn~@s~ y.  
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e~ @qvQyn~ vhn~@s~t sQr#rk~ n#w. gN @qvQyn~, vQ;~NE @qvQyn~, kwrgm @qvQyn~ a`qWn~t pmNk~ @n`v sk~ 
@qvQ[En~t q sQr#rk~ a#w. e~ @qvQvr#n~@g~ cQwY a#w. e@mn~ m e~ @qvQvr#n~@g~ pYwQm` q @vyQ. e@hw~ 
@y@h`~v` @qvQyn~ vhn~@s~t sQr#rk~ n#w. apt @y@h`~v` @qvQyn~ vhn~@s~ g#n cQw~w r$pyk~ a#wQkr gw 
h#kQ @n`@v|. @m| @y@h`~v` @qvQyn~ vhn~@s~ ynE kvE q? @y@h`~v` @qvQyn~ vhn~@s~ g#n s[hn~ vn~@n~ 
byQbl@y~ prN @ws~w@m|n~wO@vhQ y. @l`~k nQr~m`Ny e~ @qvQyn~ vhn~@s~@g~ k`r~yyk~ @ls ehQ s[hn~ 
@vyQ. aq vn vQt e~ @qvQyn~ vhn~@s~ yE@qv|, kYQs~wQy`nQ a`gm| aqhn b#wQmwOn~@g~ @qvQyn~ vhn~@s~ bvt 
pw~ vW a#w. e~ sQyU @qn`m @l ~̀ky m#v|@v| e~ @qvQyn~ vhn~@s~ y#yQ vQX~v`s krwQ. is~l`m| a`gm aqhn 
b#wQmwOn~ al~l` @qvQyn~ vhn~@s~ @ls h[En~vn~@n~ q e~ @qvQyn~ vhn~@s~ m y. mEs~lQm| b#wQmw~wO q prN 
@ws~w@m|n~wOv pQLQgnQwQ. prN @ws~w@m|n~wO@v| q#k~@vn a`k`ryt @y@h`~v` @qvQyn~ vhn~@s~ aqhn ay 
@vnw~ rtkt @g`s~ ey ytw~ kr g#nW@mn~ psEv pLmE@vn~ kL yEwO k`r~yyk~ nm| e~ r@t| mQnQsEn~ aqhn 
@qvQyn~@g~ pQLQm kd` bQ[ q#mWm y. ey @y@h`~v` @qvQyn~ vhn~@s~ @g~ aN prQqQ sQqE vn~nkQ.       
 
vw~mn~ @l`~k@y~ pqnm prN @ws~w@m|n~wOv bv @b`@h`~ @qn`t @n`@w~@rn, eytw~ vd` ovEn~ pQLQg#nWmt 
akm#wQ kr#Nk~ @vyQ. InQy` nRwnw~v@y~ pqn@mhQ prN @ws~w@m|n~wOv @vyQ. e~ h#@rn~nt InQy` nRwn 
@l`~k@y~ a#w~@w~ p#rNQ gYWk cQn~wn@yn~ lb`gw~ aAg kQhQpykQ. nRwnw~vy y#yQ kQy` gn~n` @qy pmNk~ 
@n`v InQy` pX~c`w~nRwnv`q@y~ q pqnm prN @ws~w@m|n~wO@v| h` gYWk cQn~wn@y~ aAg y. @my 
vQs~wr`w~mk v n#vw n#vw kQv yEwO kw`vkQ. nRwn bthQr @l`~k@y~ mEl~ a#w~@w~ p#rNQ bthQr a`sQy`@vhQ, 
vQ@X~;@yn~ m pls~wWn@yhQ h` avt pY@q~Xvl h` p#rNQ gYWsQ@yhQ y. ev#nQ mEl~ a#wQ bthQryn~ h` bthQr 
q#nEm anEkrNy kQrWm h#r an~ kQsQvk~ @n`qw~ @mrt a#Akr qWn@y ~̀ bthQryn~t h` ovEn~@g~ q#nEmt 
vn~qn`m`n krmQn~ ap a@p~ mEl~ @s`y` anEr`{pEryt y` yEwO y#yQ pvsn vQt awWwk`myk~ g#n kw`krwQ. 
@m| awWwk`m kw`v q vw~mn~k`m bthQryn~ vQsQn~ anEk`rk a#Akr qWnyn~t wn` qW a#wQ wvw~ kw`vk~ 
pmNkQ. ap a@p~ mEl~ @s`y`@gn a@p~ pYv`q @g`dngn vQt bthQr q#nEm| a`{Qpw&y q bQ[ v#@tn bv qn~n` 
bthQr@y`~ ovEn~@g~ e~jn~wyn~ vR a#Akryn~t ev#nQ kw` wn`@qwQ. a#w#mEn~t anEv mEl~ @s`y` 
anEr`{pEryt yn~@n`~ lQA m#dQ@y ~̀ @vwQ.  
 
a@p~ mEl~ @s`y` anEr`{pEryt y$m awWwk`mW vRvk~ @h`~ lQA m#dQ kYQy`vk~ @h`~ @ls h[En~vn~@n`~ wmn~ mhw~ 
b#wQ@yn~ aqhn (ey a#qhWmkQ) bthQr q#nE@m| mEl~ a#w~@w~ p#rNQ pls~wWn@yhQ h` p#rNQ gYWsQ@yhQ bv 
@n`qn~n`vR q  bthQr k`k~kn~@g~ @g`qEr# bvt pw~vn~n` vR q lQA m#dQ@y`~ m @vwQ. adEm wrmQn~ k~@v`n~tm| 
@x_wQky qn~n` lQA m#dQykOt k~@v`n~tm| vQxv lQ[ (quantum potential well) ps`r# kr @gn gQy h#kQ 
y. e~ ps`r# kQrW@m| kw`v ayw~vn~@n~ bthQr gYWk yE@qv| kYQs~wQy`nQ cQn~wnyt @n`v sQAhl @}rv`q @b_q~{ 
cQn~wnyt h` wvw~ cQn~wn kQhQpykt y. nQv|@t`~nWy @l ~̀kyk hQr vR lQA m#dQyn~t bthQr k`k~kn~@g~ k@t| 
el~lW gmn~ kQrWm h#r @vnw~ @qyk~ g#n sQw` g#nWmtvw~ @n`h#kQ y. @m| lQA m#dQyn~@g~ gmn avs`n 
vn~@n~ k`k~kn~@g~ a`h`ry bvt pw~vW@mnQ. 
 
apt avX& vn~@n~ @m| lQA m#dQyn~ g#n kw` kQrWm @n`v @y@h`~v` @qvQyn~ vhn~@s~ g#n kw` kQrWm y. iw` 
p#h#qQlQv m un~ vhn~@s~ @g~ s~vr$py sQw` gw @n`h#kQ y. eyt @h~wOv un~ vhn~@s~t p#h#qQlQv m sQr#rk~ 
@n`m#wQ vQm y. prN @ws~w@m|n~wOvt anEv @y@h`~v` @qvQyn~ vhn~@s~ smg sm|bn~{ vQy h#k~@k~ k[E 
mEqEn~vl y. e@mn~ m eyt anEv @y@h`~v` yn~@nhQ @w~r#m j~vlQw @hvw~ qQLQ@sn yn~n y. @m| kr#NEvlQn~ 
apt sQw`gw h#kQ @qyk~ nm| yE@qv|vn~ a$w awWw@y~ wm @g`~wYQk @qvQyn~ vhn~@s~ @ls vQqElQ @ktWm @w`~r` 
@gn a#wQ bvw~ ey kl~ y$@m| qW @y@h`~v` @qvQyn~ vhn~@s~ bvt pw~vW a#wQ bvw~ y. a$w awWw@y~ jWvw~ vR 
mQnQs~sE vQvQ{ vs~wOvlt @q~vw~vy a`@r`~pNy kLh. @y@h`~v` @qvQyn~ vhn~@s~ e@s~ vQqElQ @ktWmt @q~vw~vy 
a`@r ~̀pNy kQrW@mn~ lb` gw~wk~ vWy h#kQ y. bthQr a`sQy`@v| k`n~w`rvl vQsR yE@qv|vn~t vQqElQ @ktWm iw` 
v#qgw~ vRv`t s#kyk~ wQbQy h#kQ @n`@v|.                                                                  
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@y@h`~v` @qvQyn~ vhn~@s~t XrWryk~ n#wQ vW@mn~ q vQqElQ @ktWm h` un~ vhn~@s~ awr a#wQ sm|bn~{y g#n 
ymk~ kQy#@vyQ. ir h[ v#nQ @q~vw~vy a`@r`~pNy krn lq @vnw~ @b`@h`~ vs~wO @mn~ @n`v vQqElQ @ktWmt 
nQX~cQw s~vr$pyk~ n#w. vQqElQ @ktW@mhQ r$p a#BQy h#kQ @n`@v|. eb#vQn~ @y@h`~v` @qvQyn~ vhn~@s~@g~ r$p 
@h`~ pYwQm` n#wQ vWm q pEqEmyt kr#Nk~ @n`@v|. @mhQ ek~ v#qgw~ kr#Nk~ nm| @y@h ~̀v` @qvQyn~ vhn~@s~ 
vQyEk~w vWm y. un~ vhn~@s~ g#n cQw~w r$pyk~ mv` gw h#kQ @n`@v|. yE@qv| sAs~k^wQy vQyEk~w sAkl~pvlt 
wQbR a`kr~;Ny q @mhQ qW v#qgw~ @vyQ.   
 
mEl qW yE@qv|vn~@g~ @g ~̀wYQk @qvQyn~ vn~nt a#w#yQ sQwQy h#kQ @y@h`~v` @qvQyn~ vhn~@s~ psE k@lk 
kYQs~wQy`nQ, k@w ~̀lQk, is~l`m| a`qW a`gm| vQsQn~ q wm wmn~@g~ @qvQyn~ vhn~@s~ @ls slknE l#bQNQ. e~ 
@qvQyn~ vhn~@s~ vQyEk~w vWm nQs` q e@ls @vnw~ ayt q ovEn~@g~ sAs~k^wWn~t un~ vhn~@s~ av@X`~;Ny 
kr g#nWm aphsE kr#Nk~ @n`vR bv p#h#qQlQ y. ey wvw~ ayErkQn~ kQyn~@n~ nm| yE@qv|vn~t wm @g`~wYQk 
@qvQyn~ vhn~@s~ an~ ayt q qW e~ @qvQyn~ vhn~@s~ @g ~̀wQYkw~v@yn~ mEqv` mEU @l`~kyt m @p`qE vR @qvQyn~ 
vhn~@s~ @knkO kQrWmt h#kQ vW wQ@b|. yE@qv| sAs~k^wQ@yhQ @m| an~ ayt q qWm @y@h`~v` @qvQyn~ vhn~@s~t 
pmNk~ sWm` vW n#w. ey aq sms~w q#nEmt m blp`yQ. aq bthQryn~ ur#m kr @gn a#w~@w~ yE@qv| 
cQn~wny pqnm| krgnQmQn~ q#nEm nQr~m`Ny kQrWm h` e@s~ nQr~m`Ny krgw~ q#nEm a@nk~ ayt q @bq` qWm 
y. aq ap gYWk yE@qv| kYQs~wQy`nQ cQn~wny @ls h[En~vn cQn~wn@yhQ vQX`l @k`tsk~ yE@qv| cQn~wn@yn~ 
lb`@gn a#w. yE@qv|vn~ vQyEk~w @y@h`~v` @qvQyn~ vhn~@s~ a@nk~ a`gmQkynt q lb` qEn~n`k~ @mn~ 
ovEn~@g~ vQyEk~w cQn~wny q lb` qW a#w.   
 
mh`c`r~y nlQn~ q sQl~v` 
 
 
 
 


