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mhU @n`vn @f`~@t`~ny 
 

 
vs~wOvk nQX~clw` r`mE@vhQ (rest frame) m#@nn qQg e~ r`mEvt s`@p~]v qQg awt clnyvn r`mEvk 
vs~wO@vhQ m#@nn qQgt vd` v#dQvn bv q vs~wOvk nQX~clw` s~kn~{yt (rest mass) vd` @vnw~ r`mEvk 
m#@nn s~kn~{y v#dQ bv q apQ s[hn~@k@LmE. vs~wOvk nQX~clw` r`mE@vhQ m#@nn qQgt vd` qQg awt 
clnyvn @vnw~ r`mEvk m#@nn qQg adE@vyQ. @myt qQk~ sA@k`~cny (length contraction) y#yQ kQynE 
l#@byQ. vs~wO@vhQ nQX~clw` r`mEvt s`@p~]v clnyvn r`mEvk m#@nn vs~wO@vhQ s~kn~{y v#dQvW@m| 
pYwQPlyk~ @ls nQX~clw` s~kn~{y XSn& @n`vR vs~wOvkt kQsQm r`mEvkt s`@p~]v a`@l~~k@y~ pY@v|g@yn~ 
gmn~kQrWmt @n` h#kQ y. a`@l`~k@y~ pY@v|gyt vd` v#dQ @v|gykQn~ clny vn vs~wO @n`m#wQ y#yQ @myQn~ 
@n` kQy#@vyQ. @@sq~{`n~wQk vX@yn~ ev#nQ vs~wO wQbQy h#kQ y. @@sq~{`n~wQk vX@yn~ a#w#yQ s#lkQy h#kQ 
ev#nQ aAXOvlt bthQr @x_wQk vQq&`@vhQ t#kQ@y`n y#yQ kQynE l#@byQ. e@hw~ bthQr @x_wQk vQq&`@vhQ 
vw~mn~ q#nEm anEv ym| smEq~@q~X r`mEvkt s`@p~]v a`@l ~̀k@y~ @v|gyt adE pY@v|gykQn~ gmn~ gn~n` 
vs~wOvkt e~ r`mEvt s`@p~]v a`@l`~k@y~ @v|gyt v#dQ @v|gykQn~ kQsQq` clny vQy @n` h#kQ y.     
 
ym|kQsQ smEq~@q~X r`mEvkt s`@p~]v @@sq~{`n~wQk vX@yn~ @h ~̀ a`@l ~̀k@y~ @v|gyt v#dQ @v|gykQn~ 
clnyvn vs~wO a#w~nm| e~ vs~wO h` a`@l`~k@y~ @v|gyt adE @v|gykQn~ clnyvn vs~wO awr @bqWmk~ @vyQ. 
ek~ vr~gyk vs~wO a@nk~ vr~g@yhQ vs~wO bvt pw~vWmk~ s`@p~]w`v`qW mRl{r~mvlt anEv @n` sQqE@vyQ. @m| 
@qvr~gy awr a#w~@w~ a`@l`~k aAXS y. enm| @f`~@t`~n y. @f`~@t`~n q q#nt bthQr @x_wQk vQq&`@v| sm|mw 
aqhs~vlt anEv @vnw~ vr~gyk aAXO bvt pw~vWmk~ n#w. e@hw~ @f`~@t ~̀nyk a#wQ Xk~wQy 
i@lk~@tY ~̀nyk~ v#nQ aAXOvkt av@X`~;Ny kLh#kQ @vyQ. e@mn~ m i@lk~@tY`~nyk~ v#nQ aAXOvkt 
@f`~@t`~nyk~ @ls aAXOvk~ mEq`h#rQy h#kQ y. prm`NEvk a#wQ i@lk~@tY`~nykt e@ls @f`~@t`~nyk a#wQ 
Xk~wQy av@X`~;NykQrW@mn~ ek~ k`]Qkyk (orbital) sQt ihL k`]Qkykt p#nQy h#kQ@vyQ. a@nk~ awt 
prm`NEvk vR i@lk~@tY ~̀nyk~ @f`~@t`~nyk~ @ls Xk~wQy mEq`h#rW@mn~ k]kyk sQt phL k]ykt pnQyQ. 
e@hw~ bthQr @x_wQk vQq&`@vhQ q#nt nQr~m`Ny @krW a#wQ q#nEm anEv s`m`n& aAXOvk~ @f`~@t`~nyk~ @h`~ 
@f`~@t`~n kQhQpyk~ @h`~ bvt pw~vWmk~ @n` sQqE@vyQ.      
 
ekQ@nkt s`@p~]v clnyvn r`mE @qkk~ anEbq~{@yn~ vs~wOvk qQg h` s~kn~{y @vns~ agyn~ gn~n` 
ayErQn~, r`mE @qk anEbq~{@yn~ sQq~{Q @qkk~ awr k`l pY`n~wry q @vns~ agyn~ gnQyQ. sQq~{Q avk`X@yhQ, 
n#w~nm| avk`X k`l@yhQ, e~ e~ s~}`nvl sQqE@vyQ. ym| nQrW]kykO@g~ smEq~@q~X r`mE@vhQ ek~ sQq~{Qyk~ ek~ 
w#nk q wvw~ sQq~{Qyk~ wvw~ w#nk q sQqEvQy h#kQ y. evQt @b`@h`~ vQt @vnw~ nQrW]kykO@g~ smEq~@q~X 
r`mE@vhQ q e~ sQq~{Q @qk sQqEvn~@n~ w#n~ @qkk y. @vnw~ a`k`rykQn~ pvsn~@n~ nm| e~ sQq~{Qvl avk`X 
KN~d`Ak @vns~ @vyQ. e@hw~ a#w#m| nQrW]kykO@g~ smEq~@q~X r`mE@vhQ e~ sQq~{Q @qk m ekm w#nk sQqEvQy 
h#kQ y. enm| ev#nQ nQrW]kykO@g~ smEq~@q~X r`mE@vhQ e~ sQq~{Q @q@khQ avk`X KN~d`Ak sm`n @vyQ.  
 
ey sQqEvn~@n~ @k@s~ q yn~n a#w#m|vQt pYX~nyk~ vQy h#kQ y. apQ uq`hrNyk~ @ls kpEtkO@g~ k$g#sWm h` 
bl~lkO@g~ bQrWm slkmE. A nm| nQrW]kykO@g~ smEq~@q~X r`mE@vhQ kpEt`@g~ k$g#sWm bl~l`@g~ bQrWmt klQn~ 
sQqEvn~@n~ y#yQ sQwmE. e@mn~ m e~ smEq~@q~X r`mE@vhQ bl~l` h` kpEt` a#w~@w~ w#n~ @qkk y#yQ q sQwmE. q#n~ 
apQ B nm| @vnw~ nQrW]kykO gnQmE. A @g~ smEq~@q~X r`mE@vhQ B, u e~k`k`r pY@v|gykQn~ clny vn~@n~ y#yQ 
q sQwmE. q#n~ B t avX& prQqQ clny vW@mn~ kpEt` k$gsn avs~}`@vhQ kpEt` smWp@yhQ q, bl~l` bErn 
avs~}`@vhQ bl~l` smWp@yhQ q sQtQy h#kQ y. kpEt` k$gsn avs~}`@vhQ kpEt` smWp@yhQ sQtQn B 
nQrW]ky`t bl~l` sQtQn qQX`vt A @g~ r`mE@vhQ sEqEsE pY@v|gykQn~ gmn~krn~@n~ nm| bl~l` bErn avs~}`@vhQ 
bl~l` smWp@yhQ q sQtQy h#kQ y. evQt e~ sQq~{Q @qk m B @g~ smEq~@q~X r`mE@vhQ sQqEvn~@n~ ekm l]&yk qW 
y. @vnw~ vcnvlQn~ kQyn~@n~ nm| B @g~ smEq~@q~X r`mE@vhQ sQq~{Q @qkm sQqEvn~@n~ ekm avk`X 
KN~d`Akyk y. @m| KN~d`Aky B @g~ smEq~@q~X r`mE@vhQ mRly @ls q gwh#kQ y.   
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B sQq~{Q @qkm ekm or@l ~̀sEvkQn~ v`r~w`krgnQyQ. B t or@l`~sE @vns~kQrWmt @h`~ or@l`~sE @qkk~ 
@y`q`g#nWmt avX& @n` @vyQ. e@hw~ A t e@s~ @n` @vyQ. A t ekm or@l ~̀sEvkQn~ sQq~{Q @qkm sQqEvn 
k`l m#ngw @n` h#kQ y. s`m`n&@yn~ bthQr @x_wQk vQq&` @p`w~vl A @g~ smEq~@q~X r`mEv 
prW]N`g`r@y~ smEq~@q~X r`mEv @ls q B @g~ smEq~@q~X r`mEv clnyvn smEq~@q~X r`mEv @ls q h[En~vnE 
l#@byQ. prW]N`g`r smEq~@q~X r`mEv clnyvn r`mEvt vd` mRlQk bvk~ @myQn~ h#MWy$mt id a#w. ek~wr` 
a`k`rykQn~ gw~vQt A @g~ smEq~@q~X r`mEv e@s~ prW]N`g`r smEq~@q~X r`mEv @ls h#[Qn~vWm nQv#rqQ vEv q 
m` qkQn a`k`ryt nm| @mhQ qW vd` mRlQkvn~@n~ B @g~ r`mEv y.   
 
qQg m#nW@m| qW mRlQk r`mEv @ls vs~wO@v| smEq~@q~X r`mEv @hvw~ nQX~clw` r`mEv gwh#kQ @vyQ. e@hw~ sQq~{Q 
@qkk~ sm|bn~{@yn~ gw~kl nQX~clw` r`mEv kOmk~ q? sQq~{Qyk~ ynE vs~wOvk~ @n` @vyQ. sQq~{Qyk~ wnQ 
sQq~{Qyk~ @ls gw~kl mRlQk y#yQ kQvh#kQ r`mEvk~ n#w. eyt @h~wOv o|n$m r`mEvk wnQ sQq~{Qykt avk`X 
KN~d`Ak wOnk~ h` k`l KN~d`Ak ekk~ pmNk~ wQbWm y. kQnm| or@l`~sEvkQn~ k`ly m#ngw~w q, wnQ 
sQq~{Qykt l#@bn~@n~ ek~ k`l KN~d`Akyk~ pmNkQ. e@hw~ sQq~{Q @qkk~ gw~kl e@s~ @n` @vyQ. sQq~{Q 
@qkkt k`l KN~d`Ak @qkk~ @vyQ. k`l KN~d`Ak @qkm wnQ or@l`~sEvkQn~ v`r~w`krgw h#kQ smEq~@q~X 
r`mEvk~ @vyQ. e~ smEq~@q~X r`mE@vhQ sEqEsE prQqQ @w`~r`gw~ ek~ nQrW]k sgykOt sQq~{Q @qkm sQqEvn s~}`nvlt 
y$@m| h#kQy`v @vyQ. ihw s[hn~ uq`hrN@y~ qW B e~ k`r~yy kryQ. ev#nQ smEq~@q~X r`mEvk~ mRlQk r`mEv 
@ls g#nWm ucQw @vyQ.  
 
B @g~ r`mEv mRlQk r`mEv @ls @gn e~ r`mE@v| sQq~{Q @qk awr m#@nn k`l pY`n~wry t   y#yQ sQwmE. e@mn~ m  
              0 

B @g~ smEq~@q~X r`mE@vhQ A @g~ pY@v|gy v y#yQ q sQwmE. klQn~ u ar~}qk~v` a#wQ a`k`ry sLk`b#lW@m| qW 
@pnW ynE a#w~@w~ v = - u bv y. A @g~ smEq~@q~X r`mE@vhQ sQq~{Q @qk awr m#@nn k`l pY`n~wry t y#yQ  
             2     2                             2     2 

sQwmE. vQ@X~; s`@p~]w`v`qyt anEv t = t √(1 – v / c  ) @vyQ. enm| t = t   /√(1 – v / c  )  @vyQ. @m| sEwY  
       0                                     0 
kQhQp a`k`rykt vQvrNy kL h#kQ y.  sQq~{Q @qkk~ awr k`l pY`n~wry avmyk~ vnE@y~ mRlQk r`mE@vhQ bv 
@pnW ynE a#w. enm| @vnw~ o|n$m r`mEvk sQq~{Q @qk awr m#@nn k`l pY`n~wry mRlQk r`mE@vhQ m#@nn 
k`l pY`n~wryt vd` v#dQ@vyQ. @myt k`l vQs~wrNy (time dilation/ time dilatation) y#yQ kQynE 
l#@byQ. vQs~wrNy yn~@nhQ v#dQvWm yn @w~r#m a#w. mRlQk r`mEvt s`@p~]v a`@l`~k@y~ pY@v|g@yn~ 
clnyvn r`mEvk sQq~{Q @qk awr m#@nn k`l pY`n~wry kOmk~ q? 
 
@mv#nQ pYX~n qQg h` s~kn~{y sm|bn~{@yn~ q a#sQy h#kQ y. ehQ qW mRlQk r`mEv @ls nQX~clw` r`mEv g#nW@m| 
b`{`vk~ n#w. nQX~clw` r`mE@vhQ vs~wOvk m#@nn qQg uprQmyk~ bv q @vnw~ o|n$m r`mEvk m#@nn qQg 
(qQg awt clnyvn smEq~@q~X r`mEv yn~n @myQn~ aqhs~vn bv @m| vnvQt p#h#qQlQ vQy yEwO y.) eyt 
adEvn bv q apQ qEtE@vmE. vs~wOvk nQX~clw` r`mEvt s`@p~]v clnyvn smEq~@q~X r`mEvk s`@p~] 
pY@v|gy a`@l`~k@y~ pY@v|gy kr` eL@Bw~ m e@s~ clnyvn r`mE@vhQ m#@nn vs~wO@v| qQg klQn~ qk~v` a#wQ 
sRwY anEv XSn&y kr` eLBQy yEwO y. ehQ ewrm| g#tUvk~ n#w. e@hw~ nQX~clw` r`mEvt s`@p~]v  
                                                                                                                                                           2      2 

a`@l ~̀k@y~ pY@v|g@yn~ gmn~krn r`mEvk m#@nn vs~wO@v| qQg prQmQw y#yQ gw@h`w~ l = l √(1 – v / c  )   
                  0 

sRwYyt anEv nQX~clw` r`mE@vhQ m#@nn vs~wO@vhQ qQg ann~wyt eLBQy yEwO@vyQ. @my g#tU shgw 
nQgmnykQ. eb#vQn~ @myQn~ kQy#@vn~@n~ e@ls a`@l ~̀k@y~ pY@v|g@yn~ gmn~krn r`mEvk m#@nn vs~wO@v| 
qQg prQmQw @n`vQyh#kQ bv y#yQ nQgmny kL h#kQ @vyQ.   
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mRlQk r`mE@vhQ sQq~{Q @qkk~ awr k`l pY`n~wry XSn& @n`@v| nm| e~ r`mEvt s`@p~]v a`@l`~k@y~ pY@v|g@yn~ 
gmn~krn r`mEvk e~ sQq~{Q awr k`l pY`n~wry qW a#wQ sRwY anEv ann~w vQy yEwO y. @my q g#tU shgw 
y. @mhQ qW sQqEvQy h#k~@k~ mElQk r`mE@vhQ aq`L sQq~{Q @qk awr m#@nn k`l pY`n~wry q XSn& vWm y. evQt 
ann~wy pQLQb[ pYX~ny mwO @n` @vyQ. 
 
sQq~{Q @qkk~ awr k`l pY`n~wry XSn& vQy h#k~@k~ kQnm| avs~}`vl q? e~ sQq~{Q @qk ym| smEq~@q~X r`mEvk 
smg`mW nm| e~ sQq~{Q @qk awr k`l pY`n~wry XSn& @vyQ. @mhQ qW sQhQ wb`gw yEwO kr#Nk~ nm| 
s`@p~]w`v`q@yhQ ek~ smEq~@q~X r`mEvk smg`mW sQq~{Q @qkk~ @vnw~ o|n$m smEq~@q~X r`mEvk smg`mW vWm 
anQv`r~y& @n`vn bv y. e@hw~ ym| sQq~{Q @qkk~ ym| smEq~@q~X r`mEvk ekm l]&yk qW smg`mW @v| nm|, 
evQt e~ sQq~{Q @qk @vnw~ o|n$m smEq~@q~X r`mEvk ekm l]&yk qW smg`mW @vyQ.  
 
@f`~@t`~nyk~ ynE a`@l`~k@y~ @v|g@yn~ gmn~krn aAXOvkQ. apt @mhQ qW s`m`n& aAXOvk~ @n`vR 
@f`~@t`~n@yhQ pY@v|gy mnQn~@n~ kQnm| smEq~@q~X r`mEvk q yn~n q#k~vWm anvX& vn~@n~ o|n$m smEq~@q~X 
r`mEvkt s`@p~]v @f`~@t ~̀n@yhQ pY@v|gy ekm agyk~ g#nWm nQs` y. apt @f`~@t ~̀nyk @v|g@yn~ 
clnyvWmt @n`h#kQ bv amwk @n`krn awr, @f`~@t ~̀nyk sQt b#lQy h#kQ nm| @l`~ky @p@nn~@n~ @k@s~ 
q yn~n @w~r#m|g#nWmt uw~s`hkQrW@m| vrqk~ n#w. @f`~@t`~nykt k`ly @gvWy$mk~ g#n @n` q#@nyQ. 
@f`~tn@y~ smEq~@q~X r`mEvk~ a#w#yQ s#lkOv@h`w~ e~ smEq~@q~X r`mE@vhQ k`ly @n` @g@vyQ. evQt ehQ o|n$m 
sQq~{Q @qkk~ awr k`l pY`n~wry XSn& @vyQ. enm| ehQ sQyU sQq~{Q smg`mW @vyQ. @my wvw~ ayErkQn~ p#h#qQlQ 
kL h#kQ y. @f`~@t ~̀nyk~ anEbq~{@yn~ k`ly @gvWy$mk~ @n`m#wQ b#vQn~ @f`~@t`~nyt vys~gwvWmk~ n#w. 
@vnw~ vcnvlQn~ kQyn~@n~ nm| @f ~̀@t`~ny mhU @n` @vyQ. @f`~@t`~nyt ym| smEq~@q~X r`mEvkt s`@p~]v 
ek~ l]&yk sQt wvw~ l]&yk~ kr` y$mt ym| k`lyk~ gwvnE a#w. e@hw~ @f ~̀@t`~ny sm|bn~{@yn~ 
gw~kl eyt k`lyk~ gw @n`vnv` pmNk~ @n`@v|. ey ekm l]&yk pvwQyQ. ey clnyvn bv s#b$ y. 
e@hw~ e@s~ sQqEvn~@n~ @vnw~ smEq@q~X r`mEvl y.  
 
mh`c`r~y nlQn~ q sQl~v` 
     
 
 


