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wnQ aAXO@v| vQX~vyk~ wQbQy h#kQ q? 
 

 
avs~}QwQy h` avs~}QwQ smEq~@q~X r`mE pQLQb[ v ap qQgQn~ qQgt m s`kc|C` krn~@n~ ehQ a#wQ v#qgw~km 
@h~wO@k`t@gn y. nQv|@t ~̀nWy gwQky a#rQs~@t ~̀tlWy gwQk@yn~ @vns~vn pY{`n m kr#Nk~ q avs~}QwQy 
mEl~kr@gn @vyQ. e~ awr ayQn~s~tyQnWy s`{`rN s`@p~]w`v`@qyhQ avs~}QwQy h` avs~}QwQ r`mE pQLQb[ 
pYX~ny s`kc|C` @vyQ. a@p~ vQq&`vk~ sm|bn~{@yn~ q avs~}QwQ smEq~@q~X r`mE pmNk~ @n`v smEq~@q~X r`mE 
yn~n q v#qgw~ @vyQ. 
 
nQv|@t ~̀nWy gwQk@yhQ avs~}QwQ smEq~@q~X r`mE @kwrm| v#qgw~ q yn~n uss~ @pL @x_wQk cQq&`v vQ@X~;@yn~ 
m sAyEk~w gNQwy hq`rN sQsE sQsEvQ@y`~ qnQwQ. avs~}QwQ smEq~@q~X r`mEvkt klQn~ smEq~@q~X r`mEvk~ 
ar~}q#k~vQy yEwO bv ovEhE qnQwQ. smEq~@q~X r`mEvkQn~ @w`rv clQwyk~ g#n kw` @n` @k@ryQ. vs~wOvk 
pY@v|gy p#yt kQ@l`~mWtr @mpmN y yn~n v#qgw~ vn~@n~ e~ pY@v|gy kOmn r`mEvkt s`@p~]k q yn~n 
s[hn~kL@h`w~ pmNk~ @vyQ. e@s~ @n`m#wQ vEv@h`w~ ey ar#w~ sEn~ pYk`Xyk~ bvt pw~@vyQ. bthQr 
vQq&`vt anEv ym| vs~wOvkt pY@v|gyk~ a#w~@w~ wvw~ vs~wOvkt s`@p~]v y. 
 
m`k~ vQq~vw` avs~}QwQy g#n n#gS pYX~n@yhQ hry vR@y~ vQX~v@yhQ pvwQn~@n~ ekm vs~wOvk~ pmNk~ nm| eyt 
avs~}QwQyk~ a#w~ q yn~n y. e~ pYX~nyt ohE qEn~ pQLQwOr vR@y~ ev#nQ vs~wOvkt avs~}QwQyk~ n#w yn~n y. 
ayQn~s~tyQn~ pVQvry` mEl qW m`k~@g~ mRl {r~my nmQn~ h#[Qn~@vn e~ pQLQwOr wm gwQk@yhQ a#wOLw~kQrWmt 
uw~s`h gw~@w~ y. e@hw~ ey s`{`rN s`@p~]w`v`q@yhQ a#wOLw~ vW n#wQ bv bthQr vQq&` @l`~k@yhQ 
s`m`n& pQLQg#nWm @vyQ.  
 
vQX~v@yhQ a#w~@w~ ekm vs~wOvk~ pmNk~ nm| e~ vs~wO@vhQ clQwy vQs~wr krn~@n~ @k@s~ q? @m| pYX~ny 
apt @vnw~ a`k`rykQn~ q a#sQy h#kQ y. vQX~v@y~ clQwy vQs~wr krn~@n~ @k@s~ q? vQX~vy ynE vs~wO 
r`XQyk ekwOvk~ vEv q e~ vs~wO sQyl~lm ekk~ @ls gw@h`w~ ehQ clQwy s`@p~] vn~@n~ k`ht q? aq 
bthQr vQX~v@v|q@yhQ mEU vQX~v@yhQ m clQwy vQs~wr @k@ryQ. vQX~vy pYs`rNyvn~@n~ y#yQ kQynE l#@byQ. 
iw`mw~ nRwn nQrW]Nvlt anEv vQX~vy q#n~ klk sQt w~vrNyk~ shQwv pYs`rNy @vyQ. @mhQ qW bthQr 
vQq&`vt g#l@vn mgk~ a#w. bthQr vQX~v@v|qWn~ vQX~v@y~ pYs`rNy g#n s[hn~krn~@n~ vQX~v@yn~~ b`hQr 
vs~wOvkt s`@p~]v sQqEvn~nk~ @ls @n` @vyQ. vQX~vy pYs`rNy vn~@n~ y yn~@nn~ aqhs~@k@rn~@n~ 
s`m`n& vX@yn~ gw@h`w~ vQX~v@y~ ym| mn~q`kQNQykt s`@p~]v @vnw~ mn~q`kQNQyk~ a$wt yn bv y.  
 
@mhQ qW s`m`n& vX@yn~ ynE@vn~ s[hn~ @k@rn~@n~ a$yQ q yn~n p#h#qQlQ kLyEwO @vyQ. mn~q`kQNQ sQyl~l 
ekQ@nkQn~ @vn~ vW pvwQn q$ @n` @vyQ. uq`hrNyk~ @ls gw@h`w~ a@p~ mn~q`kQNQy vn ]Qrp}y @hvw~ 
kQrQsyEr wvw~ mn~q`kQNQ kQhQpyk~ smg sm|bn~{ vW a#w. @m| mn~q`kQNQ kQhQpyt pY`@q~XWy smRhy (local 
group) y#yQ kQynE l#@byQ. pY`@q~XQy smRh@yhQ mn~q`kQNQ ekQ@nkt b#[W a#wQ b#vQn~ e~ mn~q`kQNQ ekQ@nkQn~ 
a$wt @n`yyQ. vQX~v@y~ pYs`rNy nQs` a@pn~ ivwt yn bv nQrW]NvlQn~ @pn~nEm|krn~@n~ pY`@q~XWy 
smRh@yn~ pQtw a#wQ mn~q`kQNQ y. 
 
bthQr vQq&`Zyn~ vQX~v@yhQ pYs`rNy ynE@vn~ h[En~vn~@n~ e@ls vQX~vy wOL m @k@rn nQrW]NvlQn~ 
lb`gn~n` pYwQPlvl ar~}k}nyk~ mQs vQX~v@yn~ b`hQr @vnw~ vs~wOvkt s`@p~]v sQqEvn~nk~ @n` @vyQ. 
eyt @h~wOv vQX~vyt b`hQrv @vnw~ vs~wO wQbWmt h#kQy`vk~ @n`m#wQ vWm y. vQX~vy ynE ar~}q#k~vW@mn~ m 
sQyl~@lhQ ekwOv @vyQ.  
 
vQX~v@yhQ pYs`rny sm|bn~{@yn~ bthQr vQq&`Zyn~t e@ls ar~}k}nyk~ kLh#kQ nmEqE wnQ aAXOvk~ 
pmNk~ a#wQ vQX~vyk~ g#n kQvh#k~@k~ kOmk~ q? ev#nQ vQX~vyk~ pYs`rNy @n`vn~@n~ q? wnQ aAXOvk~ 
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pmNk~ a#wQ vQX~vyk~ s~}`vr v s~}QwQk v p#vwQy yEwO q? ILM pYX~ny vnE@y~ wnQ aAxOvk~ ynE kOmk~ q 
yn~n y.  
 
bthQr vQq&`Z@y`~ vs~wO prm`NEvlQn~ smn~vQw bv kWh. ekl bthQr vQq&`Zyn~ q#n sQtQ kOd`m aAXOv vR@y~ 
prm`NEv y. e@hw~ psEv prm`NEv q i@lk~@tY`~n @pY ~̀@t`~n a`qQ@yn~ smn~vQw b#v| bthQr vQq&`Z@y`~ pYk`X 
kLh. i@lk~@tY`~n @pY ~̀@t`~n a`qQy q eytw~ vd` kOd` aAXOvlQn~ smn~vQw y#yQ aq bthQr vQq&`Z@y`~ 
pvswQ. aq ovEhE k~v`k g#n @mn~ m wn~wO (strings) g#n q kw`krwQ. e@s~ nm| vs~wO s$qW a#w~@w~ kQnm| 
kOd` aAXOvl ekwOvkQn~ q?  
 
@my g#tU shgw pYX~nyk~ @vyQ. vs~wOvk~ s$qW a#w~@w~ @m| kOd` aAXO@vn~ y#yQ kWmt smwkO n#w. kOd`m 
aAXOv y#yQ kQynE l#@bn vs~wOv q Itw~ vd` kOd` aAXOvlQn~ nQr~m`ny vW a#wQ bv kl~y$@m| qW @pnW ynE 
a#w. eb#vQn~ @mhQ qW kLh#k~@k~ ekm @qyk~ pmNkQ. e~ axQ{r~m@yhQ s[hn~ mgg#nWm y. axQ{r~m@yhQ 
mnsQn~ gwh#kQ kOd`m @k`ts cQw~wy @ls nm| @k@ryQ. mns yn~n q a#wQ@vn n#wQ@vn pYpAcyk~ @vyQ. 
ev#nQ mnskt gwh#kQ kOd`m @k`ts cQw~wy @ls nm|kQrW@mn~ axQ{r~m`c`rWn~ vhn~@s~ bthQr @x_wQk 
vQQ&`vt p`dmk~ ugn~v` a#w. @x_wQk vs~wSn~ s$qW a#wQ kOd`m @k`ts @ls gwh#k~@k~ a@p~ in~qQYyvlt (h` 
upkrNvlQn~ vQs~wWrNy kr a#wQ in~qQYyvlt) gwh#kQ kOd`m aAXOv @vyQ. ey p~l$n~k~ qQ@gn~ nQr~mQwvn 
prQm`vk~ shQw aAXOvk~ y#yQ vQX~v`s kLh#kQ y.  
 
@k@s~ @vww~ vs~wOvk~ nQr~m`Ny vW a#wQ kOd`m aAXOvk~ ynE@vn~ aAXOvk~ n#w~nm| in~ kQy#@vn~@n~ o|n$m 
vs~wOvk~ @vnw~ vs~wSn~@gn~ nQr~~mQw y#yQ s#lkQy yEwO bv y. e@s~ nm| vQX~vy ek~ aAXOvkQn~ pmNk~ 
smn~vQw vEv@h`w~ sQqEvn~@n~ kOmk~q yn pYX~ny ar~}XSn& pYX~nyk~ bvt pw~@vyQ. m`k~ vQq~vw` vQsQn~ asn 
lq pYX~ny qhnmv#nQ h` vQsQv#nQ sQyvs~vl bthQr @x_wQk vQq&`vt ekM vEv q sQAhl @b_q~{ynt ey hQs~ 
pYl`Pyk~ pmNk~ @vyQ. e@s~ nm| ek~ aAXOvk~ pmNk~ vQX~v@yhQ wQbEN@h`w~ ehQ avs~}QwQy kOmk~ q yn~n q 
apt v#qgw~ pYX~nyk~ @n`vn bv @pnW y` yEwO y. aAXOvk~ wvw~ aAXSn~@gn~ nQr~m`Ny vW a#w~nm| vQX~v@y~ 
pYs`rNy ehQ a#wQ mn~q`kQNQvlt s`@p~]v @w~r#m| gn~n` a`k`ryt bthQr @x_wQk vQq&`vt o|n$m aAXOvk 
clQwy q e~ aAXOv nQr~mQw vW a#wQ aAXOvlt s`@p~]v @w~r#m|gw h#kQvQy yEwO y.  
 
@mhQ wvw~ p#w~wk~ q @vyQ. bthQr @x_wQk vQq&`vt pmNk~ @n`v bthQr @vnw~ q#nEm| pq~{wQvlt q 
vs~wOvk~ g#n kw`kQrW@m| qW @vnw~ vs~wO avX& @vyQ. mEU mhw~ bthQr q#nEm m sks~ vW a#w~@w~ ym| kQsQvk~ 
@qs pQtQn~ b#lRvQt @p@nn a`k`ryt y. ehQ m`nsQk vQq&`v h` InQy` m@n`~ vQX~@l~;Ny q nQr~m`ny vn~@n~ 
mns a#wOLwQn~ @n`v pQtQn~ b#lR vQt @p@nn~@n~ @k@s~q#yQ vQs~wr kQrWmt y. aq bthQr InQy` 
pX~c`w~nRwnv`qW m@n`~ vQX~@l~;kyn~ kw`krn, @mrt anEk`rk a#Akryn~ vm`rn, a@nk` yn sAkl~py 
q nQr~m`ny vW a#w~@w~ @m| bthQr q#nEm| pq~{wWn~hQ s~vx`vy anEv y. 
 
a@nkkO n#w~nm| pEq~glykOt mnsk~ n#w yn qEr~vl w#nkt bthQr InQy` m@n`~ vQx~@l~;Ny a#q 
v#@tn~@n~ m`k~ vQq~vw` vQsQn~ s[hn~krn lq a`k`ryt vQX~v@yhQ @vnw~ vs~wO n#w~nm| aAXOvk avs~}QwQy 
XSn& @v|y yn~n sQhQgn~vmQn~ y. m`k~ vQq~vw` @kwrm| @b_q~{ {r~my g#n q#n sQtQy q ap klQn~ kQy` a#wQ 
prQqQ yE@qv| kYQs~wQy`nQ sAs~k^wQ@yhQ jWvw~vWm @h~wO@vn~ ohEt e~ sAs~k^wQ@yn~ mEUmnQn~ m g#lvWmt @n` 
h#kQvQy. e@hw~ @myQn~ aqhs~krn~@n~ ohE vQsQn~ asn lq pYX~n @n`slk` sQtQy yEwO bv @n` @vyQ. ev#nQ 
pYX~n g#n kl~pn`kQrW@mn~ q a@p~ pYv`q h` bthQr pYv`q awr a#wQ @vns @w~r#m|g#nWmt avs~}`v l#@byQ. 
         
m`k~ vQq~vw` vQsQn~ asn lq ihw kW pYX~n@yn~ wr#N ayQn~s~tyQn~ imhw~ a`X~v`qyk~ l#bR bv apQ klQn~ 
s[hn~ @k@LmE. ayQn~s~tyQn~ pVQvry`t avX& vR@y~ m`k~@g~ mRl {r~my y#yQ h#[Qn~@vn~n pqnm| krgnQmQn~ 
gwQkyk~ @g`dn#AvWm y. ehQ qW ohE s`r~}kvQNQ y#yQ kQvh#kQ @n`vEN q aq`L @vnw~ kr#Nk~ sm|bn~{@yn~ 
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nm| iw` v#qgw~ nQr~m`Nyk~ kr a#wQ bv p#h#qQlQ y. e~ avs~}QwQyt vd` avs~}QwQ smEq~@q~X r`mE 
sm|bn~{@yn~ y. 
 
nQv|@t ~̀nWy gwQk@yhQ pY{`n m pYX~nyk~ vR@y~ avs~}QwQ smEq~@q~X r`mE kv@r~q#yQ h[En`g#nWm y. ev#nQ r`mE 
InQy` nQsl w`rk` mgQn~ @h`~ @vnw~ a`k`rykt @h`~ h[En`gw @n`h#kQ bv apQ qEtE@vmE. avs`n@y~ qW ap 
kQy` sQtQ@y~ nQv|@t`~nWy clQw nQym vlAgO smEq~@q~X r`mE avs~}QwQ smEq~@q~X r`mE @ls h[En`gw yEwO bv y. 
e@hw~ ev#nQ avs~}QwQk smEq~@q~X r`mE apt avX& q? nQv|@t`~nWy clQw nQym @vnw~ r`mEvl q @y`q`gw 
@n` h#kQ q? 
 
ayQn~s~tyQn~ pVQvry` pQLQwOr# qWmt uw~s`h @k@L~ ev#nQ pYX~nvlt y. e~ pYX~nvlt pQLQwOr# qW@m| qW ohE 
s`{`rN s`@p~]w`v`qy (General Theory of Relativity) nmQn~ aq h#[Qn~@vn q#nEm| pq~{wQy 
nQr~m`ny @k@L~ y. ehQ qW v#qgw~ vR@y~ w~vrNyk~ shQwv clnyvn smEq~@q~X r`mE y. @mhQ qW w~vrNyk~ 
shQwv clny vn~@n~ y yn~@nn~ aqhs~ krn~@n~ avs~}QwQ smEq~@q~X r`mEvkt s`@p~]v w~vrNyk~ shQwv 
clny vn~@n~ y yn~n y. vQ@X~; s`@p~]w`v`q@yhQ s`kc|C` vR@y~ avs~}QwQ r`mE pmN y. s`{`rN 
s`@p~]w`v`qy nQr~m`nykQrW@m| qW ayQn~s~tyQn~ pVQvry` in~ ob|bt @g`s~ ekQ@nkt s`@p~]v e~k`k`r 
pY@v|gvlQn~ clny vn smEq~@q~X r`mE pmNk~ @n`v w~vrNyk~ shQwv clnyvn smEq~@q~X r`mE q s#lkW y. 
 
mh`c`r~y nlQn~ q sQl~v` 
    
 
 
 
 


