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e~ k`ly h` @m| k`ly 
 

vQ@X~; s`@p~]w` pYv`q@yhQ k`ly h` avk`Xy sm|bn~{@yn~ ym| avQclkyk~ a#wQ bvw~ e~ avQclky sQq~{Q 
@qkk~ h` sm|bn~{ bvw~ apq s[hn~ @k@LmE. sQq~{Q @q@kn~ ekk~ nQrW]kyn~@g~ KN~d`] smp`w vn 
]Ny @ls g#nW@mn~~ h` ek~ nQrW]kykO a@nk~ nQrW]ky`t s`@p~]v e~k`k`r pY@v|g@yn~ clnyvn  
                                                                                                        2      2  2         2      2   2 

qQX`v qQ@g~ x a]y h` X a]y g#nW@mn~ avQlk@yn~ kQy#@vn~n smWkrNyk~ @ls  x - c t = X  - c T  
lQvQy h#kQ y. @mhQ c ynE a`@l ~̀k@y~ pY@v|gy q,  (x, t) h` (X, T) KN`d`] pq~{wQvl @qv#nQ sQq~{Q@yhQ 
avk`X h` k`l KN~d`Ak q @vyQ. ap n#gS pYX~ny vR@y~ @@pwgrs~ pY@m|yy sm|bn~{@yn~ a#wQ avQclk@yhQ 
@mn~ @mhQ q s^N lkON @vnEvt {n lkON @yqQy h#kQ q yn~n y.  
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e@s~ {n lkON @yqW@m| kYmyk~ @vyQ. ap kL yEw~@w~ t @vnEvt it lQvWm y. evQt avQclky  x  +  c t  bvt 
pw~@vyQ. e@hw~ q#n~ avQclk@yhQ k`ly aw`w~w~vQk @vyQ. aw`w~w~vQk k`ly ynE kOmk~ q#yQ q#n~ kQsQvkOt 
pYX~nyk~ vnE @n` anEm`n y. e@hw~ apt @prL` pYX~n kLh#kQ vnE@y~ w`w~w~vQk k`ly ynE kOmk~ q yn~n 
y. wvw~ qErt gQy@h`w~ k`ly ynE kOmk~ q#yQ pYX~n kLh#kQ @vyQ.  
 
avk`Xy yn~n pA@c|n~qYQyn~t hsEvn~@n~ vkYv y#yQ ap s[hn~ kr a#w. pEtE @qkk~ awr avk`Xy yn~n 
s^jEv pA@c|n~qYQyn~t @g ~̀crvn~nk~ @n` @v|. e@hw~ pEtE @qk pA@c|n~qYQyn~t @g`~cr @vyQ. k`ly yn~n e~ 
wrmtvw~ pA@c|n~qYQyn~t hsEvn~nk~ @n` @vyQ. ap klQn~ q s[hn~kr a#wQ a`k`ryt k`ly yn~n sQAhl 
@b_q~{ynt pz~zw~wQyk~ pmNkQ. ey mnst pmNk~ @g`~crvn sAkl~pyk~ @vyQ. pEtEv yn~n q 
sAkl~pyk~ @vyQ. e@hw~ pEtEv yn~n mnst pmNk~ @n`v pA@c|n~qYQyn~t q @g`~cr @vyQ. k`ly yn~n e@s~ 
pA@c|n~qYQyn~t @g`~crvn~nk~ @n` @vyQ. ap pz~zw~wQyk~ @ls gn~@n~ mnst pmNk~ hsEvn sAkl~pyk~ 
@vyQ. 
 
sQAhl @b_q~{ynt anEv k`ly yn mnst pmNk~ @g ~̀crvn sAkl~py, enm| pz~zw~wQy nQr~m`ny @krW 
a#w~@w~ @vns~vWm h` mwky yn kr#NE @h~wO@vn~ y. @m| bv klQn~ q s[hn~kr a#wQ nmEw~ n#vww~ 
mwk~krg#nW@m| vrqk~ n#w. @vns~vWm yn sAkl~py ap vQsQn~ nQr~m`ny @krW a#w~@w~ anQw& 
anv@b ~̀{@yn~ y. @vns~vWm pmNk~ @n`v sQyU sAkl~p ap vQsQn~ nQr~m`ny @k@rn~@n~ anQw& qEk~K 
an`w~m anv@b ~̀{y @h~wO@vn~ y. anQw& h` an`w~m av@b`~{krg#nWmt asmw~ apQ nQw& vs~wO nQr~m`ny 
krmE. psEv e@ls nQw& vs~wO @n`m#wQ bv v#t@hn vQt apQ e~ vs~wO @vns~vn~@n~ y#yQ kQymE. vs~wOvk~ 
@vns~vn~@n~ y#yQ kW vQt a`w~mWy vs~wOvk~ a#wQ bv apQ upkl~pnykrmE. e@hw~ ey v#rqQ bv anEr`{pEr 
mh`vQh`rQk xQ]Rn~vhn~@s~ avEr#qE @qqhskt pmN @pr q#n sQtQyh. 
 
pEtEvk~ qQr`pw~vn~@n~ y#yQ kWv q e@s~ qQr`pw~vWm s[h` a`w~mWy vX@yn~ pEtEvk~ n#w. pEtEv @vns~vn~@n~ 
y#yQ kWm a`w~mv`qW @vyQ. @m| kr#N g#n s#lkQlQmw~ vR mh`vQh`r xQ]Rn~vhn~@s~ @vns~vWm pQLQb[ nQr~vcny 
@hvw~ ar~}q#k~vWm m @vns~kLh. un~vhn~@s~l`t anEv @vns~vn ymk~ n#w. a#wQ vW n#wQvn s~vx`vy 
p^}g~jny` vQsQn~ ymk @vns~vWm @ls s#l@kyQ. @w`rNk vQqElQ bl~b ek ekk~ q#l~vW nWvW y$m apt @pnW 
yn~@n~ ymk~ gmn~krn @ls y. n#w@h`w~ ymk pQhQtWm @vns~vW a#wQvn clnyk~ @ls y.  
 
@k@s~ @h`~ @m@ls nQw& @q~ a#w#yQ upkl~pny kr e~ @vns~vn~@n~ y#yQ g#nWm h` mwky @h~wO@k`t@gn 
apQ k`ly ynE@vn~ sAkl~pyk~ nQr~m`nykrmE. mwky n#w~nm| @vns~vWmk~ pQLQb[ mwkyk~ q n#w. a@nk~ 
awt @vns~vWmk~ yn sAkl~pyk~ @n`m#wQv mwkyk~ q a#wQ @n` @vyQ. pEtEvk~ @vns~ vW a#w#yQ kQyn vQt 
pEtE@v| @vnw~ s~vr$pyk~ pQLQb[ mwkyk~ q eyQ. e~ klQn~ wQbR pEtEv yn aqhs evQt a#wQ@vyQ. klQn~ y#yQ kW 
vQt k`ly pQLQb[ sAkl~pyk~ a#wQ vW avs`n y.  
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@myQn~ @pnW y` yEw~@w~ nQw& vs~wO a#w#yQ g#nWm, e~ @vns~vn~@n~ y#yQ s#lkWm h` mwky @h~wO@k`t@gn 
k`ly nm| sAkl~pyk~, pz~zw~wQyk~ ap vQsQn~ nQr~m`ny @krW a#wQ bv y. e@ls nQr~m`nykrn lq k`ly 
awWw@yn~ an`gwyt gl` yyQ. vr~wm`ny k`ly m#nW@mhQ sm|mw XSn&y @ls gw@h`w~ awWwy g#n 
kQvh#k~@k~ e~ s^N k`ly bv y. {n k`ly a#w~@w~ an`gwyt y. e~ anEv ym| vs~wOvk~ @m| @m`@h`@w~ ym| 
l]&ykQn~ ym| clQwyk~ arBn~@n~ nm| e~ vs~wOv an`gw@y~ qW @vnw~ l]&ykt yn~@n~ y#yQ kQy#@vyQ. 
e@hw~ @m| awWwy h` an`gwy pQLQb[ aqhs~ vlAgO vn~@n~ apt s`m`n&@yn~ eqQ@nq` @l`~k@y~ qW  hmEvn 
s`m`n& y#yQ kQvh#kQ aAXO s[h` y.  
 
bthQr @x_wQk vQQq&`@vhQ pYwQ aAXO ynE@vn~ h#[Qn~@vn aAXO vQ@X~;yk~ @vyQ. @m| aAXO klQn~ s[hn~ krn lq 
dQr#k~ smWkrN@yhQ vQs[Em| @ls l#@bn Xk~wQy s^N vR aAXO @vyQ. uq`hrNyk~ @ls gw@h`w~ 
i@lk~@tY ~̀n@yhQ pYwQ aAXOv @p`sQ@tY`~ny @vyQ. {n Xk~wQyk~ h` ev#nQ s^N Xk~wQyk~  a#wQ aAXOvk~ 
ekwOvW@mhQ n#w~nm| pYwQkYQy`kQWrW@mhQ pYwQPly @ls kQrNyk~ pQt@vyQ. q#nt klkt @pr @j`~n~ vWlr~ nm#wQ 
vQq&`Zy`@g~ pYX~nkQrWmk pYwQPlyk~ @ls @n`@bl~ w&`gl`xW rQcd| fyQn~m`n~ nm| vQQq&`Zy` pYwQ aAXO @hvw~ 
s^N Xk~wQyk~ shQw aAXO k`l@y~ a`ps~st yn aAXO @ls slk` s`r~}k pYwQPl lb`gw~@w~ y. @myQn~ 
kQy#@vn~@n~ kOmk~ q yn~n pQLQb[ v bthQr @x_wQk vQ&`Zyn~ g#BErQn~ a{&ynyk~ kr a#w#yQ kQvh#kQ @n` 
@vyQ.  
 
e@hw~ apt @m| pQLQb[ kQvh#k~@k~ kOmk~ q? k`ly ynE pz~zw~wQyk~ pmNk~ nm| e~ mQnQs`@g~ wvw~ 
nQr~m`nyk~ pmNk~ nm| h` eytw~ vd` ehQ in~qYQy @g ~̀cr ww~w~vyk~ n#w~@w~ nm| apt k`ly yn~n a@pn~ 
@w`rv gl`yn @qyk~ @ls s$lkW@m| avX&w`vk~ n#w. bthQryn~t k`ly ynE a@pn~ @w`rv iqQrQyt 
gl`yn~nk~ @vyQ. vQ@X~;@yn~ m nQv|@t ~̀nWy @x_wQk vQq&`@v| qW  a{&yny @k@rn in~qYQy @g`~cr aAXO h` 
vs~wO sm|bn~{@yn~ gw~kl, vs~wO n#ww~ k`ly avk`X@yhQ iqQrQyt gl`yyQ.  
 
bthQr @x_wQk vQq&`@v| k`ly pQLWb[ ihw qk~vn lq sAkl~py h#@rn~nt ayQn~s~tyQnWy s`{`rN 
s`@p~]w` pYv`q@yhQ iqQrQpw~@k@rn aqhs q a#wQ bv amwk @n`kL yEwO y. ehQ qW kQy#@vn~@n~ avk`Xy 
h` k`ly ynE vs~wOvlQn~ (vQkQrN q a#wOUv) @w`rv pvwQn~nk~ @n`v, vs~wOvlQn~ h` vQkQrN@yn~ nQr~Ny 
vn~nk~ bv y. e@s~ vEvw~ e~ pYv`qyt q anEv k`ly iqQrQyt gl` yyQ. s`{`rN s`@p~]w` pYv`qy mgQn~ 
wWrNy @k@rn bthQr vQX~v@v|q@y~ q k`ly iqQrQyt gl`yyQ. e~ mh` pQpEr#@m| sQt iqQrQyt y. vQX~v@y~ 
pYs`rNyw~ smg k`l@y~ iqQrQ gmn b#[W a#w#yQ bthQr vQX~v@v|qQ@y`~ vQX~v`skrwQ. @m| k`l@y~ iqQrQ gmn 
bthQryn~ h[En~vn~@n~ k`l hWy (Arrow of Time) @ls y. mh` pQpEr#@m| sQt iqQrQyt yn k`l hWy  
h#r#NE vQt wvw~ ev#nQ k`l hW g#n bthQr@y`~ kw`krwQ. en~@tY`pQy yn~n q nQrn~wr@yn~ v#dQvn 
r`XQykQ. eb#vQn~ en~@tY`pQy v#dQvn~@n~ q awWw@y~ sQt an`gwyt y#yQ bthQr @x_wQk vQq&`Z@y ~̀ gnQwQ. 
e@mn~ m w`p gwQk@yhQ q a#w#m| kYQy` awWw@y~ sQt an`gwyt sQqEvn bv ovEhE @[n~v` @qwQ. uq`hrNyk~ 
@ls gw@h`w~ gQnQkSrk~ q#vW aU vnE vQn` aU ekwO vW gQnQkSrk~ @n` s$@qn bv @pn~v` @qnE l#@byQ. ml~ 
@p`@h`t|tEvk~ pQpW mlk~ bvt pw~vnE q#kQy h#kQ nmEw~ mlk~ ml~ @p`@h`t|tEvk~ bvt pw~vnE q#kQy @n` h#kQ 
vWm q k`l@y~ gmn pQLQb[ uq`hrNyk~ @vyQ. k`l hWy pQLQb[v @myt @pr q s`kc|C` @krW a#w. 
 
k`l hWy @h`~ vQvQ{ k`l hW (ihw s[hn~ vQvQ{ k`l hW ekk~ m q#yQ nQX~cQwv kQvh#kQ @n` @vyQ.)  @h`~ pQLQb[ 
a#wQ uq`hrN sQyl~l in~qYQy @g`~cr sAsQq~{Q smg b#[E@N~ @vyQ. bthQryn~t e~ bv psk~ @n`vEN q e~ e@s~m 
vQy yEwO y. eyt @h~wOv ap k`ly pQLQb[ pz~zw~wQy nQr~m`nykr a#w~@w~ pA@c|n~qYQynt @g`~crvn 
sAsQq~{Q mEl~kr@gn vWm y. @vns~vWm h` mwky mw @g`dn#@gn sAkl~pyk~ awWw@y~ sQt an`gwyt 
qQ@vn ekk~ @vyQ.          
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k~@v`n~tm| @x_wQky vQsQn~ pA@c|n~qYQynt @g`~cr @n`vn sAsQq~{Q h` sAkl~p nQr~m`ny @k@ryQ. @m| sAsQq~{Q 
smg ap q#nt nQr~m`ny kr a#wQ k`ly yn sAkl~py sAgw@v| y#yQ ap bl`@p`@r`w~wO w#bQy yEwO @n` 
@vyQ. pYwQ aAXOvl Xk~wQy s^N y#yQ kWm m pA@c|n~qYQyvlt @g`~cr vs~wO sm|bn~{@yn~ ap wn`@gn a#wQ 
sAkl~p smg g#tEmk~ jnQwkryQ. ap q#n~ @y`q`gn~n` k`ly yn sAkl~py a@p~ eqQ@nq` v#dktyEwOvlqW 
h` nQv|@t`~nWy @x_wQky @y`q`g#nW@m| qW pYm`Nvw~ b#vQn~ k`ly pQLQb[ apt wn`gw h#kQ ekm sAkl~py 
ey y#yQ @n`sQwQy yEwO y.  
 
@p`sQ@tY ~̀n k`l@yhQ a`ps~st yn~@n~y#yQ kQv@h`w~ in~ kQy#@vn~@n~ @p`sQ@tY ~̀n sm|bn~{@yn~ ap @n`qn~n` 
@vnw~ k`lyk~ nQr~m`nykrgw h#kQ bv y. s`m`n& aAXO s[h` ap nQr~m`nykr a#wQ k`ly @p`sQ@tY ~̀n 
smbn~{@yn~ vlAgO @n`vn bvk~ @mhQ qW @pnW yyQ. @mhQ qW ap kQhQp a`k`rykQn~ pY@v|sm| vQy yEwO y. 
@p`sQ@tY ~̀n k`l@yhQ a`ps~st y$m @h~wO@vn~ vr~wm`nyt awWwyt blp$m| kLh#kQy a`qW nQgmnvlt 
@n`eLBWmt ap vg bl`gw yEwO y.  
 
s`m`n& aAXOvk~ sm|bn~{@yn~ gw~kl vr~wm`nyt awWwyt blp$m| kLh#kQ @n` @vyQ. e~ e@s~ vn~@n~ a@p~ 
aw~q#kWm e@ls vn b#vQn~ ap k`ly yn pz~zw~wQy eyt g#l@pn ayErQn~ nQr~m`nykr a#wQ b#vQn~ y. 
e@hw~ @p`sQ@tY`~n ynE a@p~ pA@c|n~qYQyn~t @g ~̀crvn aw~q#kWmk~ @n` @vyQ. ehQ qW @p`sQ@tY`~n h` @vnw~ pYwQ 
aAXO kYQy`krn a`k`ry g#n pYv`q h` a`k^wQ wn`g#nWmw~ smg e~ sm|bn~{@yn~ vlAgOvn ym| k`ly nm| 
sAkl~pyk~  nQr~m`nykQrWmt avX& @vyQ. e@s~ nQr~m`nykrgn~n` k`ly pz~zw~wQy, enm| mnst pmNk~ 
@g`~crvn sAkl~py, a@p~ s`m`n& k`lyt vd` @vns~vQy h#kQ y. e~ k`ly @m| k`ly @n`@v|y yn~nt nv 
ar#wk~ q emgQn~ apt s#pyQy h#kQ y.   
 
mh`c`r~y nlQn~ q sQl~v` 
  
 
 
 
 
      
 
     
 
 


