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wm p#v#w~m @n`qn~n` @f`~@t`~n 
 

 
@f`@t`~ny sm|bn~{@yn~ gw~kl k`ly @gvWy$mk~ n#w yn~@nn~ kQy#@vn~@n~ @f`~@t ~̀ny sq`k`lQk bv @n` 
@vyQ. @f`~@t`~n q a#wQ vW n#wQ vW yyQ. e~ a#wQ vW n#wQ vW ynv` pmNk~ @n` @vyQ. e~ @m`@h`wk~ @h`~ @n` 
pvwQyQ. @f`~@t`~ny p#w~@wn~ b#lR kl, enm| @f`~@t`~n@yhQ sQt b#lR kl, @f`~@t`~ny a#wQ vR @m`@h`@whQ m 
mQy yyQ. @my vrqv` @w~r#m| gw yEwO @n` @vyQ. @f`~@t`~n @vnw~ smEq~@q~X r`mEvk sQt nQrW]Ny kL vQt 
a#wQ vW n#wQ vW yyQ. uq`hrNyk~ @ls gw@h`w~ prm`NEvk a#wQ i@lk~@tY ~̀nyk~ ek~ k`]Qkyk sQt @vnw~ 
Xk~wQ@yn~ adE k`]Qkykt p#nW@m| qW mEq` h#@rn Xk~wQy @f`~@t`~nyk~ @ls mEk~w @vyQ. ym| smEq~@q~X 
r`mEvk sQt nQrW]Ny krn vQt @f`~@t`~nyk~ ym| @m`@h`wk a#wQ @vyQ. e~ @f`~@t`~ny e@s~ nQkOw~ vW@mn~ 
psEv @vnw~ prm`NEvk i@lk~@tY ~̀nyk~ vQsQn~ av@X`~;Ny @krW e~ i@lk~@tY`~ny Xk~wQ@yn~ v#dQ k`]Qkyt 
p#n~@n~ y#yQ sQwmE. evQt ihw s[hn~krn lq smEq~@q~X r`mE@vhQ e~ @f`~@t ~̀ny n#wQ vW yyQ. e@mn~ m e~ 
smEq~@q~X r`mE@vhQ @f`~@t`~ny a#wQvWm h` n#wQvWm awr ym| k`l prQc|@Cqyk~ q @vyQ. e~ r`mE@vhQ @f`~@t`~ny 
a#wQ vE avs~}`@vhQ sQt, enm| @f ~̀@t`~ny mEk~w vR avs~}`@vhQ sQt, n#wQ vR avs~}`v qk~v`, enm| 
av@X`~;Ny @kr#NE avs~}`v qk~v`, k`ly @gvW yyQ. e@hw~ @f ~̀@t`~n@y~ sQt b#lEv@h`w~ e~ a#wQ vR 
avs~}`@vhQ m n#wQ @vyQ. @f`~@t ~̀ny mhU @n`vnv` pmNk~ @n` @vyQ. eyt wr#N k`lyk~ q n#w. 
@ktQ@yn~ kQyn~@n~ nm| eyt p#v#w~mk~ q n#w. @f`~@t`~nyt @f`~@t`~ny p#w~@wn~ b#lR vQt p#v#w~mk~ n#w. 
 
sQAhl @b_q~{ynt k`ly ynE pz~zw~wQyk~ pmNk~ y#yQ s[hn~ @k@LmE. @f`~@t ~̀nyt k`lyk~ n#w yn~n 
@}rv`qW @b_q~{ @n`vn sAs~k^wQyk @w~r#m| gwh#kQ @n` @vyQ. k`ly ynE mQnQsEn~ vQsQn~ nQr~m`Ny @krW 
a#wQ, pA@c|n~qYQyt @g`~cr @n`vn wvw~ sAkl~pyk~ pmNk~ @vyQ. @f`~@t`~ny a#wQ vR bv @h`~ q#ng#nWmt 
@f`~@t`~nyt @n` h#kQ y. sQAhl @b_q~{ynt e~ pYX~nyk~ @n` @vyQ. @b_q~{ y#yQ kQy`gn~n` sQAhlykOt e~ 
pYX~nyk~ nm| e~ sAs~k^wQ@yn~ kYQs~wQy`nQ vR@vk~ @vyQ. 
 
@f`~@t`~nykt k`ly @gvWmk~ n#w yn~n s`@p~]w`v`qW @x_wQk vQq&`@vhQ @vnw~ a`k`rykt q @w~r#m|kr 
qQyh#kQ y. ehQ qW nQym k`ly (proper time) yn sAkl~py @y`q`g#@nyQ. ym| smEq~@q~X r`mEvk sQt sQq~{Q 
@qkk~ nQrW]Ny krn~@n~ y#yQ sQwmE. e~ r`mE@vhQ sQq~{Q @qk awr m#@nn qEr x  y#yQ q e~ sQq~{Q @qk awr 
k`l prQc|@Cqy t y#yQ q sQwmE. @m| r`XQ, enm|  x h` t , r`mE@vn~ r`mEvt @vns~ @vyQ. e@hw~ vQ@X~;  
                    2   2     2  
s`@p~]w`v`qyt anEv smEq~@q~X r`mE@vn~ smEq~@q~X r`mEvt @vns~ @n`vn~nk~ @vyQ. e~   c  t – x   yn~n y;  
@mhQ c ynE a`@l`~k@y~ pY@v|gy @vyQ.  @m| r`XQy r`mE@vn~ r`mEvt @vns~ @n`vn avQclkyk~ (invariant) 
@vyQ. e~ r`XQ@yhQ {n vr~gmRly q  evQt r`mE@vn~ r`mEvt @vns~ @n`vn avQclkyk~ @vyQ. @m| {n vr~gmRl 
avQclk@yhQ vQ@X~;yk~ @vyQ. ey s`m`n&@yn~  cτ  @ls lQynE l#@byQ. @mhQ τ  ynE aq`L sQq~{Q @qk awr 
nQym k`ly @vyQ.  
 
sQq~{Q @qkk~ awr nQym k`ly ynE hEqE gNQw sAkl~pyk~ @n` @vyQ. eyt @x_wQk pqnmk~ @vyQ. @m| sQq~{Q 
@qk awr qEr XSn&vn @ls clnyvn F nm| ym|kQsQ smEq~@q~X r`mEvk~ @vyQ. uq`hrNyk~ @ls e~ smEq~@q~X 
r`mE@vhQ mRly gnQmE. sQq~{Q @qk sQqEvn avs~}`vn~hQ e~ sQq~{Q smg mRly smp`wvn @ls F smEq~@q~X r`mEvt 
clny vQyh#kQ y. evQt e~ smEq~@q~X r`mE@vhQ sQq~{Q @qkm sQqEvn~@n~ mRl@yhQ y. sQq~{Q @qkm s[h` e~ 
smEq~@q~X r`mE@vhQ KN~d`Ak XSn& @vyQ. enm| e~ smEq~@q~X r`mE@vhQ sQq~{Q @qk awr qEr XSn& @vyQ. e@hw~ 
eyQn~ kQy#@vn~@n~ e~ sQq~{Q @qk awr k`l prQc|@Cqy XSn&vn bv @n` @vyQ. klQn~ s[hn~kL avQclky 
ym|kQsQ r`mEvk XSn& @n`vn b#vQn~ sQyU smEq~@q~X r`mEvl e~ XSn& @n`vQy yEwO y. eb#vQn~ F r`mE@vhQ q  e~ 
XSn& @n` @vyQ. e@hw~ F r`mE@vhQ x XSn&yk~ @vyQ. eb#vQn~ F r`mE@vhQ avQclky XSn& @n`vWm s[h` ehQ t 
XSn& @n`vQy yEwO y. epmNk~ @n`v F r`mE@vhQ t, ynE an~kQsQvk~ @n`v  τ yn nQym k`ly @vyQ. @myQn~ 
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kQy#@vn~@n~ sQq~{Q @qkk~ awr nQym k`ly ynE e~ sQq~{Q @qk awr qEr XSn&vn smEq~@q~X r`mE@vhQ e~ awr vR 
k`l prQc|@Cqy bv y.        
 
@f`~@t`~nyk~ ym| sQq~{Q @qkk~ smg smp`w vn~@n~ nm| e~ sQq~{Q @qk awr nQym k`ly XSn& @vyQ. @vnw~ 
vcnvlQn~ kQyn~@n~ nm| @f`~@t`~nykt ym| sQq~{Qyk sQt wvw~ sQq~{Qykt y` h#kQ nm| e~ sQq~{Q @qk awr 
nQym k`ly XSn& @vyQ. @my ihw s[hn~ avQclky a#sE@rn~ q nQgmny kLh#kQ y. @f`~@t`~n@y~ pY@v|gy c 
b#vQn~ ey ym|kQsQ smEq~@q~X r`mEvk t k`lyk qW @gv` yn x qEr ct t sm`n @vyQ. enm| evQt avQclky 
XSn& @vyQ. @myQn~ kQy#@vn~@n~ @f`~@t`~nyk nQym k`ly q XSn& bv y. ihw s[hn~ a`k`r@yn~ @f`~@t`~ny 
h` sm|bn~{ o|n$m sQq~{Q @qkk~ awr nQym k`ly XSn& @vyQ. @f`~@t`~nyt @f`~@t`~ny p#w~@wn~ b#lRkl 
k`ly @gvWmk~ n#w. 
 
s`m`n& sQq~{Q @qkk~ awr nQym k`l@y~ vr~gy s$m vQt m {n @vyQ. eyt @h~wOv ev#nQ sQq~{Q @qkk~ 
sm|bn~{@yn~ ct, x t vd` s$m vQt m v#dQ vWm y. ek~ s`m`n& sQq~{Qyk sQt @vnw~ s`m`n& sQq~{Qykt 
a`@l ~̀k@y~ @v|gyt vd` adE @v|gykQn~ clny vW@mn~ LM`vQy h#kQ y. evQt e~ sQq~{Q @qk awr x hQ agy ct 
hQ agyt adE @vyQ. ehQ pYwQPlyk~ @ls nQym k`l@yhQ vr~gyt l#@bn agy {n @vyQ.  
 
s`m`n& sQq~{Q @qkk~ sm|bn~{@yn~ kQvyEwO wvw~ v#qgw~ kr#Nk~ @vyQ. enm| ym|kQsQ smEq~@q~X r`mEvk A 
nm| sQq~{Qyk~ B nm| sQq~{Qykt klQn~ sQqEvn~@n~ nm| @vnw~ o|n$m smEq~@q~X r`mEvk q  A nm| sQq~{Qy B nm| 
sQq~{Qyt klQn~ sQq@EvyQ. sQq~{Qvl ptQp`tQy smEq~@q~X r`mE@vn~ smEq~@q~X r`mEvt @vns~ @n` @vyQ. eyt q 
@h~wOv r`mE@vn~ r`mEvt @vns~ @n`vn avQclkyk~ wQbWm y. sQq~{Qvl ptQp`tQy r`mE@vn~ r`mEvt @vns~ 
@n`vn bv ihw s[hn~ avQclky a`{`r@yn~ srl vWjWy kYm x`vQw@yn~ @pn~vQy h#kQ y. 
 
sQq~{Qvl ptQp`tQy smEq~@q~X r`mE@vn~ smEq~@q~X r`mEvt @vns~ vn~@n~ nm| ehQ ym| vrqk~ wQbQy yEwO y. ym|kQsQ 
sQq~{Qykt eyt psEv sQqEvn sQq~{Qykt blp$mk~ kLh#kQ y#yQ s`m`n&@yn~ pQLQg#@nyQ. e@hw~ ey e@s~m 
vQyyEwO y#yQ @myQn~ aqhs~ @n` @k@ryQ. k`ly ynE pz~zw~wQyk~ pmNk~ b#vQn~ @my nQv#rqQ pYk`Xyk~ 
@n`vQy h#kQ y. e@hw~ ap q#nt ey e@s~ y#yQ pQLQgw@h`w~ ek~ r`mEvk P nm| ym| sQq~{Qyk~ Q nm| wvw~ 
sQq~{Qykt blp$mk~ krn~@n~ nm| @vnw~ r`mEvk q e~ e@s~ m vQy yEwO y. eyQn~ kQy#@vn~@n~ e~ a@nk~ 
r`mE@vhQ q P nm| sQq~{Qy Q nm| sQq~{Qyt klQn~ sQqEvQy yEwO bv y.  
 
e@hw~ e~ e@s~m sQqEvWm anQv`r~y& y#yQ mm @n` sQwmQ. e~ @k@s~ vEvw~ a#w#m| sQq~{Q sm|bn~{@yn~ nm| 
smEq~@q~X r`mE@vn~ smEq~@q~X r`mEvt ptQp`tQ@yhQ @vnsk~ vQy @n` h#kQ y. uq`hrNyk~ @ls gw@h`w~ ym| 
smEq~@q~X r`mEvk ym| kQsQvkO@g~ mrNy upwt klQn~ sQqEvQy @n` h#kQ y. e@mn~ m ym|kQsQ r`mEvk 
qQyNQyk@g~ upw mv@g~ upwt klQn~  sQqEvQy @n` h#kQ y. @mv#nQ sQq~{Q ekk~ a@nk mw blp$m| a#wQkrn 
sQq~{Qvlt vd` vQ@X~;yk~ usElyQ. ev#nQ sQq~{Q ekk~ sQqEvW@mn~ @w`rv a@nk~ sQq~{Qy @n`sQqEvQy h#kQ sQq~{Q 
@ls h#[Qn~vQy h#kQ y.  
 
q#n~ apQ n#vww~ nQvEn~ @s`@h`yErn~@g~ kw`vs~wOv slkmE. nQvEn~ @s`@h`yErn~ bQml~ sh vQml~ y#yQ sQwmE. 
bQml~ @r`kt|tEvk n#gW vQX~v@y~ ym| qErkt @g`s~ a`psE a#vQw~ vQml~ mENg#@sn~@n~ y#yQ sQwmE. q#n~ apt 
sQq~{Q @qkk~ @vyQ. ek~ sQq~{Qyk~ nm| nQvEn~ @s`@h`yErn~ @q@qn` @vn~vR avs~}`v y. a@nk~ sQq~{Qy ovEn~ 
@q@qn` n#vw hmEvn avs~}`v y. pYX~ny vnE@y~ nQvEn~ @s`@h`yErn~ hmEvn avs~}`@vhQ qW ekm vysk 
psEvn~@n~ q yn~n y. @vnw~ vcnvlQn~ kQyn~@n~ nm| pYX~ny ovEn~ @q@qn`@g~ or@l`~sE @vn~vn avs~}`@v| 
sQt n#vw hmEvn avs~}`v qk~v` ekm @vl`vk~ v`r~w`krn~@n~ q yn~n y.   
 
@m| pYX~nyt pQLQwOrk~ vQ@X~; s`@p~]w`v`q@yhQ qQyh#kQ @n` @vyQ. eyt @h~wOvk~ @vyQ. apQ e~ @h~wOv 
pLmE@vn~ s`kc|C`krmE. @m@wk~ ap s[hn~ @n`kL v#qgw~ kr#Nk~ p#vsWmt @m| sEqEsE avs~}`v @vyQ. 
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vQ@X~; s`@p~]w`v`q@yhQ qW slk`b#@lnE@y~ vQ@X~; smEq~@q~X r`mE kOlkyk~ y. e~ r`mEvlt avs~}QwQ smEq~@qX 
r`mE y#yQ kQynEl#@byQ. e@s~ nm| vQ@X~; s`@p~]w`v`q@yhQ qW s#l@kn~@n~ avs~}QwQ smEq~@q~X r`mE y. 
avs~}QwQ smEq~@q~X r`mE g#n ap qn~@n~ kOmk~ q? smEq~@q~X r`mE ynE kQnm| r`mE q?  
 
@m| pYX~nyt qWr~~G pQLQwOrk~ avX& @vyQ. e@hw~ e~ pQLQwOr q#n~ s[hn~kQrWmt gQy@h`w~ nQvEn~ qr#vn~@g~ 
kw`vs~wO@vn~ a$wt y$mt sQqE@vyQ. eb#vQn~ apQ q#nt avs~}QwQ smEq~@q~X r`mEvk~ ynE nQv|@t`~nWy clQw 
nQym vlAgOvn smEq~@q~X r`mEvk~ y#yQ gnQmE. nQv|@t ~̀nWy clQw nQym vlAgOvn~@n~ avs~}QwQ smEq~@q~X r`mEvl 
pmNk~ y#yQ ig#n~@vyQ. e@s~ nm| nQv|@t ~̀nWy clQw nQym vlAgOvn r`mEvk~ avs~}QwQ smEq~@q~X r`mEvk~ @ls 
ar~}q#k~vQy h#kQq#yQ ymkOt pYX~nkL h#kQ y. e~ pYX~nyt q pQLQwOrk~ a#w. enm| avs~}QwQ smEq~@q~X r`mEvk~ 
ynE kOmk~q#yQ ar~}q#k~vQy h#kQ kYmy ey vWmw~ @vnw~ kYmykt e~ ar~}q#k~vWmt y$m am`r#@v| v#@tn~nk~ 
vWmw~ y. 
 
vQ@X~; s`@p~]w`v`q@yhQ a{&yny @k@rn~@n~ avs~}QwQ smEq~@q~X r`mE y. e~ avs~}QwQ r`mEvk~ @vnw~ o|n$m 
avs~}QwQ r`mEvkt s`@p~]v e~k`k`r pY@v|gykQn~ gmn~kryQ. e~ sQyU r`mE ekQ@nkt sm`n @vyQ. @mhQ qW 
sm`n @v|y yn~@nn~ aqhs~krn~@n~ e~ r`mE smp`w vn bvk~ @n` @vyQ. avs~}QwQ smEq~@q~X r`mE kOlk@yhQ 
r`mE ann~w sAK&`vk~ @vyQ. e@hw~ e~ ekk~vw~ a@nkkQn~ @vn~kr vQ@X~; avs~}QwQ smEq~@q~X r`mEvk~ @ls 
h[En`gw @n` h#kQ y. kQsQm prW]Nyk~ kr asvl~ smEq~@q~X r`mEv a@nk~ r`mEvlt vd` uss~ y#yQ @h`~ 
vQ@X~;  y#yQ @h`~ kQvh#kQ @n` @vyQ. sQyU avs~}QwQ r`mE sm`nvn~@n~ e~ ar~}@yn~ y ∼  
 
mh`c`r~y nlQn~ q sQl~v` 
 
 
 
 


