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sQhQn @w~rWm 
 

 
@m| lQpQ @p@LhQ armEN a#w#m| ayt vth`g#nWmt @n` h#kQvWm kNg`tEvt kr#NkQ. vQ@X~;@yn~ m wm 
pEwOn~@g~ nmQn~ @m| lQpQ sm|bn~{@yn~ aqhs~ pLkrn v#dQhQtQyn~t @m| aq`L y. ap @mhQ qW v$ym|krn~@n~  
sQAhl @b_q~{ sAs~k^wQy mw pqnm| vW vQvQ{ @]wYvl pYv`q @g`dn#gWm y. sQAhl @b_q~{ sAs~k^wQ@yhQ 
ymk~ g#n a#w~@w~ ekm ar~}k}nyk~ pmNk~ y#yQ ymkO sQwn~@n~ nm| e~ wqbl vrqk~ pmNk~ @n`v InQy` 
y}`r~}ykt ytvWmk~ q @vyQ. y}`r~}yk~ a#w~@w~ kYQs~wQy`nQ sAs~k^wQ@yhQ mQs sQAhl @b_q~{ sAs~k^wQ@yhQ 
@n` @vyQ. ptQc|c smEp~p`qy g#n vEv q vQvQ{ ar~}k}n pmNk~ @n`v vQvQ{ sEwY @q~Xn` q sQAhl @b_q~{ 
sAs~k^wQ@yhQ qk~nt a#w.  
 
bEqEn~ vhn~@s~ {r~my @q~Xn`@k@L~ sAyEk~wv h` s`@p~]v y. e~ e ay@g~ avX&w`v anEv un~vhn~@s~ 
{r~my @q~Xn` kLh. @myQn~ un~vhn~@s~ vQvQ{ {r~m @q~Xn`kL bvk~ @n`h#@MyQ. un~vhn~@s~ @qsE qh@mhQ 
nQvn, anQw&, qEk~K, an`w~m a`qQy sAkl~p @n`vn b#vQn~ e~ s`@p~] @h`~ prm`r~} @h`~ @n` @vyQ.  s`@p~] 
vR qhm| s`@p~]v @qsWm bEqEn~vhn~@s~@g~ pQLQ@vw vQy. un~vhn~@s~ prm`r~} vX@yn~ @qsE qhmk~ n#w. 
e@hw~ a#w#m| @}rv`qW @b_q~{yn~@g~ ar~}k}nvlt anEv prm`r~} vR {r~m @vyQ. @m| pQLQb[ apQ q#ntmw~ 
a#w#m| @q~ s[hn~kr a#w~@wmE. ptQc|c smEp`pqy vEv q vQvQ{v s`@p~] v @q~Xn`@krW a#w~@w~  eb#vQn~ y. 
n`mr$p pc|cy` vQZ`n ynE@vn~ pmNk~ s[hn~ vn w#n~ @mn~ m n`mr$p pc|cy` vQZ`n, vQZ`n pc|cy` 
n`mr$p ynE@vn~ e~ @qkm ekt s[hn~vn w#n~ q @}rv`qW sRwYvl q#kgw h#kQ y. e@hw~ eyQn~ 
kQy#@vn~@n~ n`m r$p h` vQZ`n ynE @qkm ekk~ bv @n` @v|. e~ @qkm ekk~ nm| n`m r$p pc|cy` vQZ`n 
ynE@vn~ pmNk~ s[hn~ w#n~hQ kQy#@vn~@n~ ymk~ nQs` eym a#wQvn~@n~ y yn~n q? @mhQ qW bEqEn~vhn~@s~ 
awQn~ pYwQ@]p vn~@n~ @r~KWy cQn~wnykQ. n`m r$p pc|cy` vQZ`n, vQZ`n pc|cy` n`m r$p yn~n ckYWy 
cQn~wnyt nQqr~Xnyk~ mQs n`m r$p h` vQZ`n ekk~ @ls g#nWmt mM slsn~nk~ @n` @vyQ.   
 
ky yn~nt pv` vQvQ{ ar~}k}n qQy h#kQ y. k`m @l`~k@y~ sw~wvynt a#wQ ky r$p @l`~k@y~ sw~w~vynt 
n#w. k`m @l`~k@y~ pmNk~ @n`v r$p @l`~k@y~ q sw~w~vyn~ h` qYv& q @vyQ. ap uw~s`h gn~@n~ sQAhl 
@b_q~{ sAs~k^wQ@yhQ kQy#@vn sAkl~p os~@s~ vQvQ{ @]wYvl pYv`q @g`dn#gWm y. q#ntmw~ apQ a@p~ a#st 
@n`@p@nn k~@v`n~tm| aAXO s[h` r$p @l ~̀k@y~ aAXO y#yQ kQymE. apt @p@nn in~qYQy @g ~̀cr qYv&vlt  apQ 
k`m@l`~k@y~ qYv& y#yQ kQymE. ar$p wlvl bYh~myn~t kyk~ a#w~ q? e@s~ kyk~ a#w#yQ kQymQn~ e~ sQyEm| y#yQ 
kQyn~@n~ kQnm| ar~}ykQn~ q? e~ sQyEm| ky s$qW a#w~@w~ in~qYQy @g ~̀cr qYv&vlQn~ q, e@s~w~ n#w~nm| 
i@lk~@tY ~̀n @h ~̀ n&E@tY ~̀n v`yEvkQn~ q? aq i@lk~@tY ~̀n v`yE vQsQn~ a#wQ@k@rn pWdn@yn~ r[`sQtQn X~@v|w 
v`mn (white dwarfs) w`rk` h` n&E@t`~n v`yEvlQn~ a#wQ@k@rn pWdn@yn~ r[`sQtQn n&E@tY`~n w`rk` 
(neutron stars) g#n bthQr w`rk` vQq&`@vhQ s[hn~ @vyQ.     
 
kyk~ sQyEm| y#yQ kWm @w~r#mk~ n#wQ kw`vk~ @vyQ. e~ sQyEm| bv yn~@nn~ aqhs~vn~@n~ kOmk~q#yQ InQy` 
sQyEm|kmk~ g#n kw`krn~nn~t kQyh#kQ @n` @vyQ. sQyEm| ky a#st @n` @p@nn~@n~ q? e~ s$qW a#w~@w~ 
qYv&@yn~ q, vQkQrN@yn~ q @vnw~ @qykQn~ q? @my bthQr vQq&`vk sAkl~p @y`q`g#nWmk~ @n` @vyQ. bthQr 
@n`vn sAkl~p @y`q`@gn @h`~ InQy` sQyEm|ky yn~n @w~r#m|kr @qn~@n~ @k@s~ q? ky ynE e~ e~ ay@g~ 
in~qYQyn~t s`@p~] sAkl~pykQ. aq ap kw`krn~@n~ mQnQsEn~t s`@p~] sAkl~pvlQn~ y. e~ sAkl~pvlt 
anEv sQw mQs ky n#wQ bYh~m @l`~k@yhQ bYh~myn~t kyk~ n#w. aq in~n` wmn~@g~ nmQn~ lQpQyk~ lQy`gw 
@n`h#kQv qr#vn~ e~ s[h` bQlQkrn ay v#nQ @k`n~qk~ n#wQ InQy` ugwOn~t @mn~ @n`v @l`~v#dsMr` 
kwOvry`t uss~ an~wr~Z`nyk~ wQbE bvt s#kyk~ wQbQy @n` h#kQ y.   
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ap sQw g#n kw`krn~@n~ nQvn~ q#kWmt @n` @v|. ap qr#vn~t ugn~vn~@n~, a#w#m| vQt @b_q~{yn~ wm 
qr#vn~ kYQs~wQy`nQ sm|xvyk~ a#wQ p`sl~vlt yvn~@n~  ovEn~t nQvn~ q#k~kvWmt @n` @vyQ. a@p~ ekm armEN 
nQvn~ s`]w~kQrWm @n` @vyQ. ap kL yEwO vn~@n~ sQw g#n sQw sQw` sQtWm @n`v sQwQn~ nQqhs~vWm y#yQ ymkO 
pvsn~@n~  @h`[ sQhQykQn~ @n`vQy yERwO y. sQ@wn~ nQqhs~vWmt h#k~@k~ sQwk~ wQ@b| nm| y. e@hw~ sQwk~ wQ@b| 
q? sQwk~ wQ@b| y#yQ gw~ vh`m e~ a`w~mv`qW @vyQ. sQwQn~ nQqhs~vWmt nm| gQhQ p#vQqW s#m vh` vh` mgPl 
psk~ kL yEwO y#yQ kQyn vQt ehQ uc|@Cqv`qyk~ @vyQ. uc|@cqv`qWn~t nQvn~ psk~ krgw h#k~@k~ pLmEv 
uc|@Cqv`qy aw~h#rW@mn~ y. 
 
a#w#m| @b_q~{ynt avX&vn~@n~ sQw g#n sQwWm bthQr vQq&`Zyn~t pvr` wmn~ nQvn~mg g#n pmNk~ 
n#wQ sQwk~ @y`mEkrn bv kWm y. e@hw~ ovEhE e@s~ @n` krwQ. ovEn~ sQw g#n nm| @n`sQwnE a#w. eyt 
@h~wOv ev#nQ kr#NE ovEn~ bthQr vQQ&`Zyn~t pvr` wQbWm y. e~ awr ovEhE nQvn~ mg p@sk l` vs~wO 
rFs~krwQ. kYQs~wQy`nQ sAs~k^wQyk jWvw~@vwQ. e~ awr nQvn~mg g#n q kQywQ. pn~sl~ ywQ. pn~sQl~ sm`qm| 
@vwQ.  @m| o|l~kt| @b_q~{@y`~ @vwQ. ovEn~t ym| m`nsQk pYX~nyk~ a#wQ vR vQt ovEhE bthQr kYQs~wQy`nQ 
sAs~k^wQ@yhQ bQhQ vR bthQr m@n`~ vQX~@l~kyn~ @s`y` ywQ. axQ{r~m@yhQ cQw~w @@cwsQk vQx`gy ktp`dm| 
krgw~ pmNQn~ ymkOt m`nsQk pYX~nvlt vQs[Em| @s`y`gw @n` h#kQy. o|l~kt| @b_q~{yn~t sQAhl @b_q~{ 
m@n`~vQX~@l~;Nyk~ @g`dng` g#nW@m| avX&w`vk~ n#w. apt e@s~ @n` @vyQ. apt sQAhl @b_q~{ 
m@n`~vQX~@l~;Nyk~ @mn~ m sQAhl @b_q~{ vQX~v@vqyk~ (cosmology) q @g`dng`g#nWmt avX& @vyQ.  
 
epmNk~ @n`v sQAhl @b_q~{ jWv vQq&`vk~ a`qW vX@yn~ @vnw~ @]wYvl q sQAhl @b_q~{ q#nEm| pq~{wWn~ 
@g`dng`g#nW@m| avX&w`v @vyQ. ap ktyEwO krn~@n~ e~ armENQn~ y. sQAhl @b_q~{ @q~Xp`ln vQq&`vk~ 
@g`dng`g#nWm @vnEvt ck~kvw~wQ sQhn`q sRwYyt @h`~ @vnw~ sEwYykt @h ~̀ a#MQl~l qQk~kr @pn~n` sQAhl 
@b_q~{ @q~Xp`ln vQq&`v ehQ a#w#yQ kWmt apQ bl`@p`@r`w~wO @n` @vmE. apQ ev#nQ sEwY mw pqnm| v sQAhl 
@b_q~{ @q~Xp`ln vQq&`vk~ @g`dng`g#nWmt uw~s`h qrmE. sQw g#n kw` @n`kr sQw pQLQb[ pYv`q 
nQr~m`Ny @n`kr uc|@Cqv`qWv sQw nQr#q~{kQrWmt y$@mn~ nQvn~ av@b ~̀{ @n`vnv` pmNk~ @n` @vyQ. 
bthQr m@n`~vQX~@l~;N@y~ a`{Qpw&@yn~ g#lvWmt q apt kQsQq`k idk~ @n` l#@byQ.  
 
sQw g#n a@p~ pYv`q @g`dn#gWmt v$ym|krn apQ ytQ sQw h` udEsQw ynE@vn~ @k`ts~ @qkkt sQw @bqE@vmE. 
e@s~ m avX& nm| ev#nQ @bqWmk~ @vnEvt ekk~ @ls sQw g#nWmt q h#kQy#yQ ap kQy` a#w. @m| hEqE nQr~m`N 
pmNk~ bv ap kQsQvQ@tk amwk @n`kL yEwO y. bthQr pYv`q q nQr~m`N bvw~ kvEr# kvEr#w~ pYv`q 
nQr~m`Nykrn~@n~ anQw& qEk~K an`w~m anv@b ~̀{y nQs` bvw~ av{`rNy kL yEwO y. @m| pYv`q ap 
@g`dngn~@n~ ym| sWm`vk sAgwv @l`~kyk~ nQr~m`Nykrg#nWm s[h` bv q amwk @n`kL yEwO y. 
 
apQ q#n~ n#vww~ sQhQnvlt ymE. sQhQn pQLQb[ v q ap @g`dngn~@n~ q pYv`qykQ. ey sQAhl @b_q~{ 
sAs~k^wQ@yhQ sQAhl @b_q~{ cQn~wnyk~ pqnm|krgnQmQn~ @g`dn#gWmt apQ uw~s`h krmE. sQhQnvlt 
ar~}k}n s#pyWm kL h#k~@k~ @k@s~ q? bthQr@y`~ sQhQn os~@s~ pEq~glyn~ h[En`g#nWmt uw~s`hkrwQ. 
ovEn~@g~ pqn@mhQ vn~@n~ sQhQnvlt v`s~wvQk ar~}k}n wQ@b|y yn~n y. e@hw~ pYX~ny m vn~@n~ sQhQnvlt 
e@s~ v`s~wvQk ar~}k}n qQy h#kQ q yn~n y. 
 
mQnQsEn~@g~ mns~ mQnQsEn~@g~ sQr#r#vlt q vd` ekQ@nkQn~ @vns~ @vyQ. bthQr@y`~ mQQnQs~ sQr#@r~ a#wQvn 
v&`{Qvlt v`s~wvQk y#yQ kQyn pYwQk`r kQrWmt uw~s`h krwQ. ehQ qW ovEn~@g~ mQnEm| qVE ekm @vyQ. o_;{ 
nQym @k@rn~@n~ mQlQ lQtr~ vlQn~ y. mQlQ lWtry k`tw~ @p`qE InQy` v`s~wvQk mQnEmkQ. @m| v`s~wvQkw~vy ovEhE 
m@n`~vQX~@l~;Nyt q @gn ewQ. e@hw~ pYX~ny mQnQs~ mnst ev#nQ InQy` v`s~wvQk kwn~qr @y`q`gw h#kQ 
q yn~n y.  
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@k`@s`l~ rjE qEtE sQhQn @w~r#m| kQrWmt @k`@s`l~ rjE g#n q#n sQtQy yEwO y#yQ apQ sQwmE. e@s~ @n`m#wQv 
@k`@s`l~ rjE qEtE sQhQnvlQn~ @k`@s`l~ rjE @w~r#m|g#nWmt v$ym|krn~@n~ nm| ehQ pYX~nyk~ @vyQ. ev#nQ 
pYw~nyk qW sQyU mQnQsEn~ qkQn InQy` v`s~wvQk sQhQn a#w#yQ upkl~pny @k@ryQ. bthQryn~ 
vQX~@l~;Nykrn~@n~ mQnQs` qkQn sQhQn mQs ek~ mQnQskO qkQn sQhQn @n` @vyQ. @k`@s`l~ rjE qEtE sQhQn in~psE 
mQnQsEn~ kW @qnkO q#k a#w#yQ ob sQwn~@n~ q? 
 
mns @vnw~ kQsQm in~qYQykt vd` e~ e~ pEq~gly`t s`@p~] @vyQ. ev#nQ vQ@tk InQy` mQnQskO qkQn sQhQnvlt 
vd` a#w~@w~ e~ e~ mQnQs` qkQn sQhQn y. eb#vQn~ ym| mQnQskO q#k a#wQ sQhQnyk~ vQx~@l~;NykQrW@m| qW e~ mQnQs` 
g#n ymk~ q#nsQtWm v#qgw~ @vyQ. @m| s`@p~]w~v@yn~ @w`rv sQhQn @w~rWm @p`qE mQnQskO a#w#yQ upkl~pny 
krmQn~ e~ @p`qE mQnQs`@g~ InQy` v`s~wvQk sQhQn @vnw~ mQnQsEn~t a`@q~XkQrWmt v$ym|kQrWmk~ @vyQ. ap kL 
yEwO vn~@n~ InQy` @p`qE mQnQskO@g~ sQw g#n kw`kQrWm @n`v e~ e~ mQnQs`@g~ sQw g#n kw` kQrWm y. 
 
@k`@s`l~ rjE qEtE sQhQn @w~rW@m| qW @k`@s`l~ rjE g#n q#n sQtWm v#qgw~vn~@n~ eb#vQn~ y. @k`@s`l~ rjE 
h#@rn~nt @vnw~ aykO  e~ sQhQn qkW y#yQ sQwQy @n` h#kQ y. rjkO vX@yn~ an`gw@y~ qW rj&yt kOmk~ vQy 
h#kQ q yn pYX~ny rjE@g~ sQ@whQ nQwr a#wQ vR pYX~nyk~ vQy h#kQ y. a@nk~ awt ohE x`rw@y~ bEq~{k`l@y~ 
vQsR rj @knkO bv q amwk @n`kL yEwO y. bthQr yE@r`~p@y~ v$dvsm| yEg@y~ rjkO @l`~k@y~ an`gwy g#n 
kl~pn` @k@L~ nm| kQnm| sQhQn q#kWmt id wQbENQ q? sQhQn @w~rWm InQy` nvkw` vQc`rkyn~@g~ @sl~lmk~ 
@n`vn bv p#h#qQlQ vQy yEwO y. 
 
mh`c`r~y nlQn~ q sQl~v` 
 
 
 
 
 
 


