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qQg adE@vyQ s~kn~{y v#dQ@vyQ 
 

 
ym| nQrW]kykO@g~ smEq~@q~X r`mE@vhQ sQtQn nQrW]k sgyn~ mEl~ nQrW]ky`t s`@p~]v nQslw`@vhQ a#w. e~ 
nQrW]k sgyn~ sQyU @qn`tm wm wmn~@g~ @k`~qE a#wQ awr e~ @k`~qE ekQ@nkQn~ @vns~ @n` @vyQ. e@mn~ m 
e~ sQyU nQrW]kyn~t wm wmn~@g~ or@l`~sE q a#w. e~ sQyU or@l`~sE ekQ@nk smg smmRr~wQkr a#wQ awr 
or@l`~sEvl y`n~wYQk @q~; n#w#yQ q upkl~pny @k@ryQ. q#n~ e~ e~ nQrW]k sgyn~t q wm wmn~@g~ m vR 
smEq~@q~X r`mE wQbQy yEwO bv p#h#qQlQ y. e~ e~ nQrW]kyn~@g~ smEq~@q~X r`mE g#n apt kQv h#k~@k~ kOmk~ q?  
 
apQ uq`hrNyk~ @ls A nm| nQrW]kykO slkmE. A @g~  smEq~@q~X r`mE@vhQ  B nm| nQrW]k sgykO  a#w#yQ 
sQwmE. q#n~ A @g~ smEq~@q~X r`mE@vhQ B nQslv a#w. e@s~ nm| B @g~ smEq~@q~X r`mE@vhQ A nQsl @vyQ. 
e@mn~ m nQrW]kyn~ @q@qn`@g~ m @k`~qE h` or@l`~sE aq`L prQqQ sm`n @vyQ. ek~ aykO@g~ or@l`~sE@vn~ 
vQn`dQ phk~ ynE a@nk`@g~ or@l`~sE@vn~ q vQn`dQ phk~ @vyQ. nQrW]kyn~ @q@qn` e~ bv q#ngn~@n~ 
sn~nQ@v|qn@ynQ. klQn~ kw`kr@gn @q@qn`t wm or@l ~̀sE smmRr~wQkr gw h#k. e~ s[h` pLmE@vn~ 
@q@qn` wmn~ awr a#wQ qEr q#ngw yEwO y. ey @r~d`r sAZ`vk~ @h`~ @vnw~ ev#n~nk~ a@nk` @vw yv` 
pr`vr~wn@yn~ a`psE @gn~v`@gn q#ngw h#kQ y. e@s~ sAZ`v a`psE l#bWmt gw vR k`ly q#n@gn e~ 
k`ly a`@l`~k@y~ @v|g@yn~ v#dQkQrW@mn~ ek~ aykOt s`@p~]v a@nk` @kwrm| qErkQn~ @v|q#yQ q#ng#nWmt 
h#kQ y. ekQ@nk` awr qEr q#ng#nW@mn~ psE klQn~ kw`kr@gn ek~ nQrW]kykO wm or@l ~̀sE@vn~ uq$sn 
hwt sAZ`vk~ yvn~@n~ y#yQ sQwmE. q#n~ @qv#nQ nQrW]ky` kL yEwO vn~@n~ wmn~t sAZ`v l#bENE @vl`v 
uq$sn hw psE vW ww~pr gNnk~ y#yQ lkONE krg#nWm y. e~ ww~pr gNn nQrW]kyn~ @q@qn` awr qEr 
@gv` y$mt a`@l ~̀k sAZ`vk~ gn~n` k`ly @vyQ.  
 
apt p#h#qQlQ vn kr#N nQrW]kyn~ @q@qn` qEr h` k`l pY`n~wr vX@yn~ mnQn q$ aq`L prQqQ sm`nvn 
bv y. e@mn~ m @q@qn` ekQ@nk`@g~ smEq~@q~X r`mE@vhQ nQsl v a#w. @m| sQyl~@ln~ ap lb`gn~n` nQgmny 
nm| @q@qn`@g~ smEq~@q~X r`mE smp`w vn bv y. @vnw~ vcnvlQn~ kQv@h`w~ ym| nQrW]kykO@g~ smEq~@q~X 
r`mE@vhQ sQtQn sQyU nQrW]k sgyn~@g~ smEq~@q~X r`mE pLmE nQrW]ky`@g~ smEq~@q~X r`mE smg smp`w @vyQ. 
e~ smEq~@q~X r`mE awr @vnsk~ n#w.  
 
q#n~ apQ ekQ@nk`@g~ smEq~@q~X r`mE@vhQ ekQ@nk`t s`@p~]v e~k`k`r pY@v|g@yn~ clnyvn nQrW]kyn~ 
@q@qnkO gnQmE. @m| nQrW]kyn~ @q@qn`@g~ smEq~@q~X r`mE g#n kQv h#k~@k~ kOmk~ q? e~ r`mE smp`w vQy yEwO 
q? ovEn~@g~ @k`~qE sm`n pYwQPl aw~kr qQy yEwO q? ovEn~@g~ or@l ~̀sEvlQn~ m#@nn k`l pY`n~wr sm`n vQy 
yEwO q? e~ sQyl~lt m pLmE ek~ smEq~@q~X r`mEvkt s`@p~]v clnyvn vs~wOvk qQg pLl m#n gn~@n~ 
@k@s~ q?  
 
ym| smEq~@q~X r`mEvk nQslv a#wQ vs~wOvk qQg pLl m#ng#nWm pYX~nyk~ @n` @vyQ. ehQ qW kLyEwO vn~@n~ 
nQrW]ky` vs~wOv asl wm smEq~@q~X r`mE@vhQ nQsl v a#wQ nQrW]k sgykOt sAZ`vk~ yv` vs~wO@v| qQg 
pLl mnQn @ls il~lEm|kQrWm y. nQrW]k sgy` qQg pLl m#n@gn mEl~ nQrW]ky`t e~ @w`rwOr# lb`@qyQ. 
e@hw~ ym| vs~wOvk~ nQrW]ky`@g~ smEq~@q~X r`mEvt s`@p~]v clny vn~@n~ nm| ihw s[hn~ kYmy 
eprQq~@qn~ @y`q`gw @n` h#kQ y.  
 
apQ ap asl a#wQ ym| vs~wOvk qQg mnQn~@n~ y#yQ sQwmE. ehQ qW ap krn~@n~ @k`~qEvk~ @gn vs~wOv smg 
smp`w kQrWm y. vs~wO@v| ek~ @kLvrkQn~ ptn~@gn a@nk~ @kLvr qk~v` @k`~qEv kW vrk~ qQgQn~ qQgt 
vs~wOv smg ekt w#bQy yEwO q#yQ apQ nQrW]nykrmE. @k ~̀qEv e@s~ wOn~v`ryk~ w#bQy yEwO nm| vs~wO@v| qQg 
@k`~qE@v| e~kk anEv adQ wOnk~ @h ~̀ mWtr~ wOnk~ ynE@vn~ apQ nQgmnykrn~@nmE. e@hw~ vs~wOv apt 
s`@p~]v, enm| a@p~ smEq~@q~X r`mE@vhQ clny vn~@n~ nm| apt e~ kYmy anEgmny kLh#kQ @n` @vyQ. eyt 
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@h~wOv vs~wOv a@p~ smEq~@q~X r`mE@vhQ nQsl v @n`m#wQ b#vQn~ apt e~ mw @k ~̀qEvk~ w#bWmt @n`h#kQ vWm y. 
vs~wOv mw @k ~̀qEvk~ w#bQy h#k~@k~ a@p~ smEq~@q~X r`mE@vhQ vs~wOv nQsl v a#w~nm| pmNkQ.  
 
a@p~ smEq~@q~X r`mE@vhQ ap aslQn~ clny vn vs~wOvk qQg m#nW@m| qW apt vs~wOv mw @k`~qEvk~ w#bQy 
h#kQvn~@n~ vs~wOv nQX~clw~vyt pw~kQrW@mn~ y. e@hw~ e@s~ kL@h`w~ ap mnQn~@n~ clnyvn vs~wOvk qQg 
@n`v nQslv a#wQ vs~wOvk qQg y. ehQ qW apQ vs~wO@v| @x_wQk ww~w~vy @vns~ krn~@nmE. vs~wO@v| @x_wQk 
ww~w~vy @vns~ @n`kr apt ehQ qQg m#ngw h#k~@k~ a@p~ or@l`~sE@vn~ ym| ]Nyk qQ y.  
 
a@p~ smEq~@q~X r`mE@vhQ nQsl v a#wQ vs~wOvk qQg m#nW@m| qW apQ ey ]Nyk qW sQqE @n`krmE. vs~wOv mw 
@k`~qEv kQhQp v`ryk~ w#bWmt sQqEvEv@h`w~ eyt ym|kQsQ k`lyk~ gw@vyQ. e@hw~ ey apt pYX~nyk~ 
@n`vn~@n~ vs~wOv e~ mEU k`l@yhQ m ap smg nQslv a#wQ b#vQn~ y. vs~wOv a@p~ smEq~@q~X r`mE@vhQ clny 
vn~@n~ nm| apt e@ls ym| k`lyk~ gwkr @k`~qEv vs~wOv mw w#bW@mn~ apt ehQ qQg m#ngw @n` 
h#kQ@vyQ.  
 
ev#nQ avs~}`vk qW apt a@p~ smEq~@q~X r`mE@vhQ nQslv a#wQ a@p~ nQrW]k sgyn~@g~ sh`y lb`g#nWmt 
sQqE@vyQ. ym|kQsQ k`lyk qW vs~wO@v| qQg m#nWmt apQ wWrNy krmE. e~ smhr vQt vs~wO@v| ek~ @kLvrk~ ap 
psEkrmQn~ sQtQn avs~}`v vQy h#kQ y. e@s~ n#wQvEv q ey pYX~nyk~ @n` @vyQ. ap krn~@n~ apt avX& 
]N@yhQ qW vs~wO@v| @q@kLvr smg smp`w vn a@p~ nQrW]k sgyn~ @q@qn` h#[Qng#nWm y. ap a@p~ 
nQrW]kyn~t qn~v` a#w~@w~ ap nQym krgw~ ]Nyk qW vs~wO@v| ek~ @kLvrk~ @h ~̀ wmn~ psEkrn~@n~ q#yQ 
q#ng#nWmt y. e~ ]N@yhQ qW vs~wO@v| @q@kLvr wmn~ psEkrn nQrW]kyn~ @q@qnkO sQtQy yEwO y. e~ 
@q@qn` kvEq#yQ h#[Qngw~ psE ap kLyEwO vn~@n~ e~ @q@qn` awr qQg (qEr) m#ng#nWm y. e~ @q@qn` 
ekQ@nk`t wrmk~ a$wQn~ pQhQtQy q ovEn~ a@p~ smEq~@q~X r`mE@vhQ nQslv a#wQ b#vQn~ ovEn~ awr qEr 
m#ng#nWm aphsEvk~ @n` @vyQ. ek~@k ~̀ a@p~ nQrW]k sgyn~ shx`gQ krgnQmQn~ @k ~̀qEvk~ awQn~ aw yvmQn~ 
e~ qEr m#ngw h#kQ y. n#w@h`w~ @r~d`r @h`~ @vnw~ sAZ` a`{`r@yn~ apt avX& qEr m#ngw h#kQ@vyQ. e~ 
qEr @k@ls m#ngw~w q a@p~ r`mE@vhQ clny vn vs~wO@v| qQg e~ nQrW]kyn~ @q@qn` awr a#wQ qErt sm`n 
y#yQ kQynE l#@byQ.  
 
@my wrmk~ sAkWr~N kYQy`vlQyk~ bv s#b$ y. e@hw~ ey @n`kL h#k~kk~ @n` @vyQ. vs~wO@vhQ qQg ap 
m#ngn~@n~ a@p~ smEq~@q~X r`mE@vhQ y. e@ls vs~wO@vhQ qQg @vnw~ smEq~@q~X r`mEvl q m#ngw h#kQ y. 
vQ@X~;@yn~ m vs~wO@vhQ qQg ehQ smEq~@q~X r`mE@vhQ q m#ngw h#kQ y. vs~wO@vhQ smEq~@q~X r`mE@vhQ vs~wOv 
nQsl v a#w. @m| smEq~@q~X r`mEvt vs~wO@vhQ nQX~clw` r`mEv y#yQ kQynE l#@byQ. vs~wOvk nQX~clw` 
r`mE@vhQ ehQ qQg pLl @mn~ m s~kn~{y a`qQy q m#ngw h#kQ y. vs~wOvk nQX~clw` r`mE@vhQ m#@nn 
s~kn~{yt ehQ nQX~clw` s~kn~{y y#yQ kQynE l#@byQ.  
 
ym| nQrW]kykO@g~ smEq~@q~X r`mE@vhQ clnyvn vs~wOvk qQg e~ r`mE@vhQ @mn~ m vs~wO@vhQ nQX~clw` 
r`mE@vhQ q m#ngw h#kQ y. e@mn~ m @vnw~ nQrW]kyn~@g~ smEq~@q~X r`mEvl q m#ngw h#kQ y. q#n~ pYX~ny 
vnE@y~ e~ e~ r`mE@vhQ m#@nn vs~wO@vhQ qQg ekQ@nkt sm`nvn~@n~ q yn~n y. nQv|@t`~nWy @x_wQk vQq&`@vhQ 
@m| pYX~ny @n` a#@syQ. ehQ qW e~ sQyU qQg ekQ@nkt sm`n y#yQ g#@nyQ. e@hw~ ayQn~s~tyQnWy @x_wQk@yhQ, 
enm| s`@p~]w`v`qW @x_wQk@yhQ e~ e@s~ @n` @vyQ. e~ e~ r`mE@vhQ m#@nn vs~wO@vhQ qQg s`{`rN vX@yn~ 
gw@h`w~ ekQ@nkt sm`n @n` @vyQ. qQg sm`n vn~@n~ ekQ@nkt s`@p~]v nQslv a#wQ smEq~@q~X r`mEvl 
y.  
 
vs~wOvk m#@nn qQg uprQmyk~ vnE@y~ vs~wO@v| nQX~clw` r`mE@vhQ y. @vnw~ r`mEvk m#@nn vs~wO@vhQ qQg 
nQX~clw` r`mE@vhQ m#@nn qQgt vd` adE@vyQ. ym| smEq~@q~X r`mEvkt s`@p~]v vs~wOv ehQ qQg awt v 
pY@v|gykQn~ clnyvn~@n~ y#yQ sQwmE. e@mn~ m e~ smEq~@q~X r`mE@vhQ m#@nn vs~wO@vhQ qQg l y#yQ q sQwmE.  
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                                                                                      2     2 

vs~wO@vhQ nQX~clw` r`mE@vhQ ehQ m#@nn qQg l   nm|  evQt l = l√(1- v / c )  @vyQ. @myQn~ p#h#qQlQ vn  
                                                      0                             0 
kr#N nm| ym|kQsQ r`mEvkt s`@p~]v vs~wO@vhQ pY@v|gy v#dQvw~ m e~ r`mE@vhQ vs~wOv clny vn awt 
m#@nn qQg adEvn bv y. (@mhQ  c ynE a`@l`~k@yhQ pY@v|gy @vyQ.) @mhQ qW s#lkQy yEwO kr#N nm| ap 
vs~wOv clny vn awt m#@nn qQg g#n s[hn~ kQrWm y. vs~wOv ym|kQsQ r`mEvkt s`@p~]v clnyvWm 
nQs` ey clnyvn awt lm|b qQX`vk~ qQ@g~ m#@nn qQg e~ awt m vs~wO@vhQ nQX~clw` r`mE@vhQ m#@nn 
qQ@gn~ @vns~ @n` @vyQ.  
 
ihw s[hn~  p#h#qQlQvn wvw~ kr#Nk~ nm| ym| smEq~@q~X r`mEvkt s`@p~]v vs~wO@v| pY@v|gy a`@l ~̀k@y~ 
@v|gyt sm`n vn~@n~ nm| evQt e~ r`mE@vhQ vs~wOv gmn~krn awt m#@nn vs~wO@vhQ qQg XSn& vn bv y. 
@mhQ qW n#@gn pYX~ny nm| vs~wOvkt e@s~ ym| smEq~@q~X r`mEvkt s`@p~]v a`@l`~k@y~ pY@v|g@yn~ 
gmn~kL h#kQ q yn~n y. vs~wOvk qQg sm|bn~{@yn~ pmNk~ @n`v s~kn~{y sm|bn~{@yn~ q e e~ smEq~@q~X 
r`mE@vhQ l#@bn agy ekQ@nkQn~ @vns~ @vyQ. e@hw~ @mhQ qW ey sQqEvn~@n~ klQn~ @mn~ @n`v pY@v|gy 
v#dQvw~ m s~kn~{y v#dQvn a`k`ryt y. klQn~ @mn~ m vs~wOv ym| smEq~@q~X r`mEvk v pY@v|gykQn~ 
clnyvn~@n~ y#yQ sQwmE. e@mn~ m e~ r`mE@vhQ vs~wO@vhQ s~kn~{y m y#yQ q sQwmE. vs~wO@vhQ nQX~clw` 
s~kn~{y m nm| evQt  
             0   
                   2    2 
m= m /√(1- v / c )  @vyQ. @myQn~ p#h#qQlQ vn~@n~ pY@v|gy v#dQvn vQt m#@nn s~kn~{y v#dQvn bv y.   
        0                                                            
                                                  
ym| smEq~@q~X r`mEvk vs~wO@vhQ s~kn~{y v#dQvw~ m vs~wO@vhQ pY@v|gy wv wvw~ v#dQkQrWm s[h` @yqQy yEwO 
bly q v#dQ@vyQ. vs~wO@vhQ pY@v|gy a`@l ~̀k@y~ pY@v|gy kr` eL@Bw~ m ehQ m#@nn s~kn~{y q ann~wy 
kr` eL@ByQ. s~kn~{y ann~wy kr` eL@Bw~ m vs~wOvt @yqQy yEwO bly q ann~wy kr` eL@ByQ. @mhQ 
pYwQPly vn~@n~ ym| r`mEvk vs~wO@vhQ pY@v|gy a`@l ~̀k@y~ pY@v|gyt sm`n kQrWm s[h` ann~w vR blyk~ 
@yqQy yEwO y yn~n y. ev#nQ blyk~ @yqQy @n`h#kQ bv amEwO@vn~ kQvyEwO @n` @vyQ.  
 
mh`c`r~y nlQn~ q sQl~v` 
 
 
 


