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avs~}QwQ smEq~@q~X r`mE @svWm 
 

 
prm`NE g#n ar~ns~t| m`k~ vQq~vw` vQsQn~ krn lq vQ@v|cny sQAhl @b_q~{ynt aq`L @n`vn~@n~ in~qYQy 
@g`~cr sAkl~p h` in~qYQy @g`~cr @n`vn sAkl~p awr @vnsk~ n#wQ b#vQn~ y. p#rNQ sQAhl @b_q~{yn~ 
qYv& prm`NE g#n pmNk~ @n`v k`l prm`NE g#n q a{&yn kr a#w. ovEn~t k`ly q iw` kOd` 
@k`ts~vlt k#dQy h#kQ sAkl~pyk~ vQy. sQAhl @b_q~{ynt in~qQYy @g`~cr @n`vn sAkl~p @mn~ m in~qYQy 
@g`~cr sAkl~p q InQy` y}`r~}yk~ @n`v nQrW]ky`@g~ nQr~m`n @vyQ. e@hw~ nQr@p~] avk`Xy yn~n 
ev#nQ in~qYQy @g`~cr @n`vn sAkl~pyk~ pmNk~ @n` @vyQ. ehQ asAgw bvk~ q @vyQ. eyt @h~wOv klQn~ q 
s[hn~kr a#wQ prQqQ nQr@p~] avk`Xy smEq~@q~X r`mEvk~ @ls gw @n` h#kQvWm y. smEq~@q~X r`mEvk 
nQrW]kykO sQtQy yEwO y. e@hw~ nQr@p~] avk`X@yhQ adEm wrmQn~ avQZ`nQk vs~wOvk~ @h`~ wQbQy h#kQ @n` 
@vyQ. e~ nQr@p~] avk`Xy ynE kQsQvk~ n#wQ w#nk~ vn b#vQn~ y. avQZ`nQk vs~wOvk~ @h`~ wQbR vh`m 
nQr@p~] avk`Xy n#wQ vW yyQ.  
 
@m| sQyl~@ln~ p#h#qQlQvn kr#N nm| nQv|@t`~nWy y`n~wYQk@yhQ @mn~m vQ@X~; s`@p~]w`v`q@yhQ q avs~}QwQ 
smEq~@q~x r`mE v#qgw~ vEv q, e~ r`mE @s`y`g#nWm pY`@y ~̀gQk @n`vn bv y. avs~}QwQ smEq~@q~X r`mEvk~ ynE 
nQr@p~] avk`Xyt s`@p~]v e~k`k`r pY@v|g@yn~ clny vn r`mEvk~ @ls gw @n`h#k~@k~ nQr@p~] 
avk`Xy @s`y`g#nWm m pYX~nyk~ vn b#vQn~ y. nQr@p~] avk`Xy @s`y`g#nWmt @n`h#kQv eyt s`@p~]v 
e~k`k`r pY@v|g@yn~ clny vn r`mE @s`y`gw h#kQ @n` @vyQ. 
 
a@nk~ awt a$w wQ@bn nQsl w`rk` ynE sAkl~pWy vX@yn~ @mn~m pY`@y`~gQkv q pvwQn vs~wO @n` @vyQ. 
eb#vQn~ e~ w`rk`vlt s`@p~]v nQslv a#wQ r`mEvk~ yn~n q ar#w~ sEn~ sAkl~pykQ. @myQn~ apt  lb`gw 
h#kQ nQgmny nm| avs~}QwQ smEq~@q~X r`mE yn~n mRlQk sAkl~pyk~ @ls ar~} q#k~vQy @n`h#kQ bv y. mRlQk 
sAkl~pyk~ ynE@vn~ @mhQ qW aqhs~ @k@rn~@n~ bl @yqQm pQLQb[ pYX~n@yhQ qW mRlQk vn~@n~ y yn ar#wQn~ y.  
 
nQv|@t ~̀nWy y`n~wYQk@yhQ nQv|tn~@g~ nQym @y`q`gw h#k~@k~ avs~}QwQ smEq~@q~X r`mEvl pmN y. @vnw~ 
vcnvlQn~ kQyn~@n~ nm| nQv|tn~@g~ nQym vlAgOvn~@n~ avs~}QwQ smEq~@q~X r`mEvl y. e@hw~ avs~}QwQ 
smEq~@q~X r`mEvk~ ynE kOmk~q#yQ apt kl~wb` nQr~Ny kL h#kQ @n` @vyQ. e@s~ nm| nQv|tn~@g~ nQym 
@y`q`gn~@n~ kQnm| r`mEvl q?  
 
@m| pYX~ny nQv|tn~ vQq~vw`t q @n`wQbQNQ y#yQ kQvh#kQ @n` @vyQ. @m| bthQr nQv|@t`~nWy @x_wQk vQq&`v bthQr 
XOq~{ gNQw@yn~ @vns~vn ek~ avs~}`vk~ @vyQ. bthQr XOq~{ gNQw@yhQ ym| sAkl~pyk~ nQr~vcny kQWrW@mhQ 
qW  ey @@sq~{`n~wQkv @h`~ nQrW]Ny kL h#kQ q, enm| adEm wrmQn~ prs~prvlQn~ @w`rv sQ@wn~ @h`~ 
mv`gw h#kQ q yn pYX~ny p#n @n` ngQyQ. XOq~{ gNQw@yhQ prs~prvlQn~ @w`rv yn~n av{`rNyt 
lk~@k@rn nmEqE sQ@wn~ @h`~ mv`g#nWm v#qgw~ @n` @vyQ. e@hw~ nQv|@t`~nWy @x_wQk vQq&`@vhQ e@s~ @n` 
@vyQ. sQ@wn~ mv`gw @n`h#kQ sAkl~pyk~ ehQ qW v#qgw~ @n` @vyQ. nQv|@t`~nWy @x_wQk vQq&`@vhQ e~ e@s~ vEv 
q k~@v`n~tm| @x_wQk vQq&`@vhQ sQ@wn~ mv`g#nWm yn~n q pYX~nyk~ @vyQ. @k@s~ @vww~ ap q#nt 
s`kc|C`krn~@n~ nQv|@t`~nWy @x_wQk vQq&`@vhQ sAkl~p y. k~@v`n~tm| @x_wQky pqnm| vW a#wQ  sEsm`qr~Xy 
pmNk~ @n`v cQn~wny q nQv|@t`~nWy @x_wQk vQq&`v pqnm| vW a#wQ sEsm`qr~X@yn~ h` cQn~wn@yn~ @vns~ 
@vyQ. 
 
nQv|tn~@g~ clQw nQym wO@nn~ pLmE nQym@yn~ kQy#@vn~@n~ b`hQr bl @n`@y@qn avs~}`vk vs~wOvk~ 
avs~}QwQ smEq~@q~X r`mEvk ek~@k`~ nQslv wQ@bn bv y. n#w~nm| avs~}QwQ smEq~@q~X r`mEvt s`@p~]v 
e~k`kr pY@v|gykQn~ clnyvn bv y. @qv#nQ clQw nQym@yn~ kQy#@vn~@n~ avs~}QwQ smEq~@q~X r`mEvkt 
s`@p~]v vs~wOvk gm&w`@vhQ @vns~vW@m| sWGYw`vy @y`qn lq b`hQr blyt sm`nEp`wQk bv y. e@s~ nm| 
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b`hQr blyk~ @n`@yqE vQt avs~}QwQ smEq~@q~X r`mEvt s`@p~]v vs~wO@vhQ gm&w`@vhQ @vnsk~ sQqE @n`vn 
bv q @qv#nQ nQym@yn~ gm& @vyQ. vs~wO@vhQ s~kn~{y nQywyk~ nm| in~ gm&vn~@n~ avs~}QwQ smEq~@q~X 
r`mEvkt s`@p~]v ey ek~@k`~ nQslv a#wQ bv y. n#w~nm| e~k`k`r pY@v|gykQn~ clnyvn bv y. @qv#nQ 
nQym@yn~ pLmEv#nQ nQymy lb`g#nWmt h#kQy`v wQbQy qW nQv|tn~ vQq~vw` pLmEv#nQ nQymy ynE@vn~ @vnw~ m 
nQymyk~ sRwYgw @k@L~ a#yQ q yn~n v#qgw~ pYX~nyk~ @vyQ. 
 
eyt pY{`n @h~wOv vR@y~ nQv|tn~ vQq~vw` wm` nmQn~ a#wQ clQw nQym sRwYgwkQrWmt pLmEv wQbR bthQr 
gwQk@yhQ, enm| a#rQs~@t`~tlWy gwQk@yhQ, vs~wOvk~ clnyvWmt nm| blyk~ @yqQy yEwO vWm y. a#rQs~@t ~̀tlWy 
gwQk@yhQ blyk~ vQsQn~ @kr#@N~ vs~wOvk gm&w`v @vns~kQrWm @n`v pQhQtWm @vns~kQrWm y. enm| vs~wOvk 
pQhQtWm @vns~kQrWmt blyk~ @yqQy yEwO vQy. blyk~ @n`m#wQv vs~wOvk pQhQtWm @vns~ @n`@v|y yn~n 
a#rQs~@t ~̀tlWy gwQk@yhQ pY{`n pYv`qyk~ vQy. nQv|tn~@g~ pLmE clQw nQym@yn~ kQy#@vn~@n~ blyk~ @n`@yqE 
vQtk vEv q vs~wOvk~ clny vQy h#kQ bv y. enm| blyk~ @n`m#wQv q vs~wOvk pQhQtWm @vns~ vQy h#kQ bv 
y. nQv|tn~ vQq~vw`t a#rQs~@t`~tlWy gwQk@yn~ k#dWmt avX& vQy. eb#vQn~ ohE pLmE nQym@yn~ a#rQs~@t ~̀tlWy 
gwQkyt pth#NQ vRvk~ av{`rNy @k@L~ y. vs~wOvk~ blyk~ @n`@yqE vQtk vEv q avs~}QwQ smEq~@q~X 
r`mEvkt s`@p~]v e~k`k`r pY@v|gykQn~ clny vQy h#kQ bv ohE pLmE nQym@yn~ kQy` sQtQ@y~ y. 
 
nQv|@t ~̀nWy clQw nQym sRwYgw kQrW@mhQ qW s`m`n&@yn~ avs~}QwQ smEq~@q~X r`mEv yn~n pYk`X @n` @vyQ. 
e@hw~ clQw nQym vlAgOvn~@n~ avs~}QwQ smEq~@q~X r`mEvl pmNk~ bv bthQr @x_wQk vQq&`Z@y`~ apt 
kQy`@qwQ. e@s~ vEvq @m| avs~}QwQ smEq~@q~X r`mE @s`y`gn~@n~ @k@s~ q#yQ ovEhE apt @n` kQywQ. nQX~cQw v 
ar~} @n`q#k~vENE avs~}QwQ smEq~@q~X r`mEvl nQv|tn~@g~ clQw nQym vlAgOvn~@n~ y#yQ bthQr @x_wQk vQq&` 
kwOvr#n~@g~ @p`wp@whQ s[hn~ @vyQ.  
 
@mhQ qW apt kLh#kQ sEqEsEm k`r~yy vnE@y~ nQv|tn~@g~ clQw nQym, avs~}QwQ smEq~@q~X r`mE nQr~Ny kQrW@m\ qW, 
e@s~w~ n#w~nm| h[En`g#nW@m| qW @y`q`gw h#kQ nQr~N`yk @ls s#lkWm y. @vnw~ vcnvlQn~ kQyn~@n~ nm| 
apQ avs~}QwQ smEq~@q~x r`mE nQr~vcny kQrWm s[h` nQv|tn~@g~ clQw nQym @y`q`gnQmRE. avs~}QwQ smEq~@q~X 
r`mEvk~ ynE nQv|@t ~̀nWy clQw nQym vlAgOvn  smEq~@q~X r`mEvk~ @ls apt nQr~vcnyk~ sRwYgw kL h#kQ y. 
@m| nQr~vcny avX& nm| wvw~ vQqg~{ a`k`rykQn~ pYk`X kL h#kQ y. e@hw~ eyQn~ a@p~ ihw s[hn~ ar~} 
q#k~vWmt pYX~nyk~ a#wQ @n` @vyQ.  
 
@m| sm|bn~}@yn~  apt vQ@X~;@yn~ m pLmEv#nQ nQymy a@p~ ar~}q#k~vWm s[h` @y`q`gw h#kQ y. ap kL 
yEw~@w~ b`hQr blyk~ @n`@yqE avs~}`vk vs~wOvk~ ym| smEq~@q~X r`mEvkt s`@p~]v nQslv a#w~nm| @h`~ 
e~k`k`r pY@v|hgykQn~ (vd` nQv#rqQv e~k`k`r gm&w`vkQn~) clnyvn~@n~ nm| @h`~ e~ smEq~@q~X r`mEv 
avs~}QwQ smEq~@q~X r`mEvk~ @ls nQr~vcnkQrWm y. evQt avs~}QwQ smEq~@q~X r`mE kv@r~q#yQ h[En`g#nW@m| 
pYX~nyk~ p#n @n`ngQyQ. nQsl w`rk` @h`~ nQr@p~] avk`Xyk~ @h`~ g#n krqr @n`vW ap kL yEw~@w~ @qn 
lq smEq~@q~X r`mEvk nQv|tn~@g~ clQw nQym vlAgOvn~@n~ q#yQ @s`y` b#lWm pmNkQ. ym| smEq~@q~X r`mEvk 
nQv|tn~@g~ clQw nQym vlAgOvn~@n~ nm| e~ smEq~@q~X r`mEv avs~}QwQ smEq~@q~X r`mEvk~ @ls h[En`gw h#kQ 
@vyQ. 
          
avs~}QwQ smEq~@q~X r`mE vQ@X~; s`@p~]w`v`q@yhQ q v#qgw~ @vyQ. ehQ qW q nQv|tn~@g~ clQw nQym 
vlAgOvn~@n~ avs~}QwQ smEq~@q~X r`mEvl y. @mhQ qW nQv|tn~@g~ clQw nQym y#yQ kWv q pY@v|gy, s~kn~{y a`qW 
sAkl~p nQv|@t`~nWy y`n~wYQk@yhQ (@x_wQk@yhQ) qW @mn~ ar~} @n`q#k~@vn bv sQhQ wb`gw yEwO y. nQym 
k`ly (proper time), nQym s~kn~{y (proper mass) a`qW sAkl~p ehQ qW v#qgw~ @vyQ. e~ @k@s~ @vww~ 
ev#nQ aq`L sA@X`~{n yt@w~ nQv|@t`~nWy clQw nQym h` avs~}QwQ smEq~@q~X r`mE vQ@X~; s`@p~]w`v`q@yhQ qW 
q @y`q` g#@nyQ.  
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ayQn~s~tyQn~ vQq~vw` vQ@X~; s`@p~]w`v`q@yhQ qW avs~}QwQ smEq~@q~X r`mE wb`gw~w q ar~ns~t| m`k~ pVQvry` 
vQsQn~ avs~}QwQy h` avs~}QwQ smEq~@q~X r`mE arxy` krn lq vQ@v|cny ohE@g~ sQwt krqryk~~ vR bv p#h#qQlQ 
y. m`k~ vQq~vw` vQsQn~ vQ@v|cnyt x`jny krn lq~@q~ avs~}QwQ smEq~@q~X r`mE pmNk~ @n` @vyQ. ohE awQn~ 
avs~}QwQy yn~n q vQ@v|cny @krQNQ. avs~}QwQy yn~@nn~ qL vX@yn~ aqhs~ vn~@n~ vs~wOvk @vns~vWmt 
a#wQ akm#w~w y. vs~wOvk avs~}QwQy v#dQvw~ m ey @vns~kQrWmt @yqQy yEwO v$ym q v#dQ@vyQ.  
 
vs~wOvk~ @vns~kQrWm yn~@nn~ aqhs~vn~@n~ @p`qE@v| ehQ @k@rn @vnsk~ @n`v gwQky sm|bn~{@yn~ 
@k@rn @vnsk~ @vyQ. ym| smEq~@q~X r`mEvkt s`@p~]v vs~wO@v| pY@v|gy @vns~vWm ev#nQ gwQk 
@vns~vWmk~ @vyQ. e@ls vs~wOvk pY@v|gy @vns~kQrWmt nm| ym| v$ymk~ q#rQy yEwO y. enm| e~ s[h` blyk~ 
@yqQy yEwO y. vs~wO@v| avs~}QwQy v#dQvw~m e~ bly v#dQ@vyQ. vs~wOvk avs~}QwQy @kwrm|q#yQ vs~wO@v| 
s~kn~{@yn~, @mhQ qW vs~wO@v| avs~}QwQ s~kn~{@yn~ (inertial mass), m#@nnE l#@byQ. ar~ns~t| m`k~ 
pVQvry` v#qgw~ pYX~nyk~ mwO@k@L~ y. vs~wOvk avs~}QwQ s~kn~{y wWrNy @k@rn~@n~ @k@s~ q yn~n e~ 
pYX~ny @vyQ. pYX~ny n#gS ohE pYX~nyt pQLQOwOrk~ q  s#pyW y. ohE kQy` sQtQ@y~ vs~wOvk avs~}QwQ s~kn~{y 
wWrNy @k@rn~@n~ vQX~v@y~ a@nk~ vs~wO vQsQn~ bv y. avk`X@y~ @vnw~ vs~wO kQsQvk~ n#w~nm| vs~wO@v| 
s~kn~{y, enm| avs~}QwQ s~kn~{y XSn& vQy yEwO y#yQ m`k~ pVQvry` nQgmny @k@L~ y. @my iw` v#qgw~ 
kr#Nk~ @vyQ. m`k~ pVQvry` n#gS @m| pYX~ny ayQn~s~tyQn~ wr#Ny`@g~ sQw @vnw~ mgkt @y`mE kQrWmt 
smw~ vQy. m`k~ pVQvry`@g~ pQLQwOr aq m`k~ mRl {r~my @ls h#[Qn~@vyQ.  
 
mh`c`r~y nlQn~ q sQl~v` 
  
 
 
 
 
 


