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nQv|@t`~nWy gSD ag`{ 
 

 
nQv|@t ~̀nWy @x_wQk@yhQ q gSD ag`{ a#wQvn~@n~ @k@s~ q#yQ @s`y` blmE. pLmE@vn~ m kQvyEwO kr#n nm| @mhQ 
qW bthQr vQq&`Zyn~ nQv|@t`~nWy @x_wQky mw pmNk~ pqnm| @n`vn bv y. ovEhE ehQ qW nQv|@t`~nWy 
@x_wQky @mn~ m vQ@X~; s`@p~]w`v`q@yhQ kQy#@vn aqhsk~ q @y`q`gnQwQ. eb#vQn~ ek~ awkQn~ gw~kl 
nQv|@t ~̀nWy @x_wQk@yhQ q gSD ag`{ a#w#yQ kWm nQv#rqQ @n` @vyQ. e@hw~ aq bthQr vQq&`@v| s`m`n& 
pQlQg#nWm vW a#w~@w~ nQv|@t`~nWy @x_wQk@yhQ q gSD ag`{ a#wQ bv y.  
 
nQv|@t ~̀nWy @x_wQk@yhQ ym| vs~wOvk~ gOr#w~v`kr~;N @]wYyk sQrs~v udE awt (@]wYyt e@rhQv) 
pY@]pny kL@h`w~ ey ym| qErk~ gmn~kr ]NQk nQX~clw`vt p#mQN a`psE pY@]p l]&y kr` LM`vn 
bv apQ qnQmE. e@hw~ e~ s$m vQ@tkm sQqEvn~nk~ @n` @vyQ. pY@]pn pY@v|gy vQ@y`~g pY@v|gy (escape 
velocity) y#yQ h#[Qn~@vn ym| pY@v|gykt vd` v#dQvEv@h`w~ vs~wOv gOr#w~v`kr~;N @]wY@yn~ mQqW 
ax&`vk`Xyt gmn~krn bv nQv|@t ~̀nWy @x_wQk@yhQ ig#n~@vyQ.  
 
uq`hrNyk~ vX@yn~ @g`~lWy vX@yn~ smmQwQk gOr#w~v`kr~;N @]wYyk~ gnQmE. p^}QvQ gOr#w~v`kr~;N 
@]wYy @mhQ qW sQhQyt ng`gw h#kQ y. p^}QvQ@y~ s~kn~{y M nm| ehQ @k~n~qY@yhQ sQt r qErk qW s`kn~{y m 
vR aAXOvk gOr#w~v`kr~;N vQxv Xk~wQy  -GMm/r @vyQ.  em aAXOv ehQ qW v pY@v|gykQn~  
                                                 2 

clnyvn~@n~ nm| ehQ c`lk Xk~wQy mv /2  @vyQ. aAXO@vhQ c`lk Xk~wQ@yhQ h` vQxv Xk~wQ@yhQ ekwOv 
nQywyk~ vn b#vQn~ aAXOv p^}QvQ@yhQ gOr#w~v`kr~;N@yn~ mQqW ann~wy kr` eLBWmt nm| ehQ pY@v|g@yhQ  
                             2 

vr~gy 2Gm/r t vd` v#dQ @h`~ sm vQy yEwO y. @vnw~ ayErkQn~ kQyn~@n~ nm| r,  2GM/ v     t vd` v#dQ @h`~ 
sm vQy yEwO y. eyt @h~wOv aAXOv ann~wyt y$mt nm| ehQ qW ehQ pY@v|gy s^N @n`vQy yEwO vWm y. q#n~ 
aAXO@vhQ r hQ qW pY@v|gy kYm@yn~ v#dQ vW ey a`@l`~k@y~ pY@v|gyt, enm| c t kQt|tE vn~@n~ y#yQ sQwmE. ev#nQ  
                                                                         2 

avs~}`vk aAXOvt ann~wy kr` eLBQy h#k~@k~ r,  2GM/ c   t vd` v#dQ nm| y.  r hQ @mm agy R y#yQ 
sQwmE. evQt apt kQvh#k~@k~ r>R nm| aAXOv ann~wy kr` eL@Bn bvw~ r<R nm| aAXOvt ann~wy kr` 
eLBQy @n`h#kQ bvw~ y. a`@l`~kyt vEv q ann~wy kr` eLBQy h#k~@k~ r≥ R nm| y.   
 
@myQn~ p#h#qQlQvn kr#N nm| ym| l]&yk qW aAXO@vhQ @v|gy a`@l`~k@yhQ @v|gyt adEvn vQt aAXOvt 
ann~wy kr` eLBQy h#k~@k~ em l]&y @g ~̀lWy vX@yn~ smmQwQk gOr#w~v`kr~;Nyk~ a#wQkrn vs~wO@vhQ 
@k~n~qY@yhQ sQt R qErkt vd` v#dQ qErkQn~ pQhQtn vQt bv y. a`@l ~̀kyt ann~wy kr` eLBQy h#k~@k~ ey 
gOr#w~v`kr~;Ny a#wQkrn vs~wO@v| @k~n~qY@y~ sQt adEm wrmQn~ R qErkQn~ pYc`rNy arBn vQt y. ekW 
@k~n~qY@y~ sQt R t vd` adE qErkQn~ a#rBEv@h`w~ a`@l ~̀kyt vEv q ann~wy kr` eLBQy h#kQ @n` @vyQ. 
ev#nQ qErk sQt ann~wy kr` eLBQmt nm| aAXOvt a`@l`~k@y~ @v|gyt vd` v#dQ @v|gyk~ wQbQy yEwO y.  
 
nQv|@t ~̀nWy @x_wQk@yhQ aAXOvkt gwh#kQ @v|gyt sWm`vk~ n#w. ehQ qW aAXOvt a`@l`~k@y~ @v|gyt v#dQ 
@v|gyk~ vEvw~ aw~krgw h#kQ y. eb#vQn~ nQv|@t ~̀nWy @x_wQky pmNk~ @y`q`gn~@n~ nm| aAXOvt 
gOr#w~v`kr~;N vs~wO@v| @k~n~qY@y~ sQt o|n$m qErkQn~ arB` ann~wy kr` eLBQy h#kQ y. e@hw~ nQv|@t`~nWy 
@x_wQky smg vQ@X~; s`@p~]w`v`q@yhQ en aqhsk~ @y`q`gw@h`w~ @vnw~ nQgmnykt eLBQy h#kQ @vyQ. 
vQ@X~; s`@p~]w`v`qyt anEv aAXOvkt a`@l`~k@y~ @v|g@yn~ clny vQy @n` h#kQ y. aAXOvkt gwh#kQ 
@v|gy sm|bn~{@yn~ gw~kl a`@l`~k@y~ @v|gy sWm`k`rW @v|gyk~ @vyQ. a`@l`~k@y~ @v|gy @w`rwOr# 
sn~nQ@v|qny kQrW@m| uprQm @v|gy @vyQ.  
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nQv|@t ~̀nWy @x_wQkyt aq`Lv ihw lb`gw~ pYwQPl smg, aAXOvkt a`@l`~k@y~ @v|g@yn~ clnyvQy 
@n`h#kQy yn~n h` a`@l`~kytq nQX~cQw @v|gyk~ a#w yn~n gw~kl kQvh#k~@k~ r<R nm| kQsQm aAXOvkt 
@h`~ a`@l`~kyt @h`~ ann~wy kr` eLBQy @n`h#kQ bv y. @vnw~ vcnvlQn~ kQv@h`w~ r=R @g`~ly wOLQn~ 
kQsQvk~, aAXOvk~ @h`~ a`@l`~ky @h`~ pQtwt @n` p#mQ@NyQ. ayQn~s~tyQn~ vQq~vw`@g~ s`{`rN 
s`@p~]w`v`q@yhQ sm|krN s~kn~{y M vR aAXOvk~ s[h` pLmE@vn~ m vQs[E@y~ ;~v`r~t|s~cyQl~d| 
(Schwarzchild) nm| vQq~v@wkQ. ohE@g~ vQs[E@mn~ l#@bn~@n~ @k~n~qY@yhQ pQhQtQ iw`mw~m sA@k~n~qYgw vR  
         2 

aAXOvk~ nQs` b`hQrv a#wQvn avk`X k`lyyQ. @m| vQs[Emt anEv q r,   2GM/ c  = R t adE nm| aAXOvkt 
@h`~ a`@l`~kyt @h`~ @g`~l@yn~ pQtwt e~mt @n`h#kQ y. a@nk~ awt aAXOvk~ @h`~ a`@l`~k pEAjyk~ 
(@f`~@t`~nyk~) @h ~̀ pQtw sQt r = R @g`~ly wOLt gQy@h`w~ e~ aAXOvt @h`~ @f`~@t`~nyt @h`~ a`psE in~ pQtwt 
e~mt @n` h#kQ y.  
 
@mhQ qW kQvyEwO kr#Nk~ @vyQ. ;~v`r~t|s~cyQl~d| vQq~vw` ihw s[hn~ vQs[Em lb`gw~@w~ s~kn~{y ek~ 
l]&yk sA@k~n~qYWy vW a#w yn pqn@mhQ pQhQtmQn~ y. e@hw~ s`m`n&@yn~ s~kn~{ e@s~ sA@k~n~qYWyv 
@n`pvwQyQ. pq`r~} e@ls sA@k~n~qYQy @n`vW v&`p~wQyk~ @ls s`m`n&@yn~ pvwQyQ. e~ v&`p~wQyt @g`~lyk @h`~ 
@vnw~ vs~wOvk h#dyk~ gwh#kQ y. ev#nQ v&`p~wQyk s~kn~{y M y#yQ sQwmE. evQt e~ s~kn~{y s[h` q 
klQn~ slk`b#lR sA@k~n~qYWy avs~}`@vhQ @mn~ m aAXO h` @f`~@t`~n a`psE @n`en R arykQn~ yEw~ @g`~lyk~ 
pvwQyQ. e~ @g`~ly, sms~w s~kn~{y s[h` mQs ehQ @k`tsk~ s[h` @n`vn bv q amwk  @n`kL yEwO y. 
@b`@h`~ avs~}`vl e~ @g`~ly a#w~@w~ v&`p~wQy vQsQn~ nQr~m`ny @k@rn vs~wO@vhQ ax&n~wr@yhQ y. eyt 
@h~wOv R iw` kOd`vWm y. eb#vQn~ aAXO @h`~ @f`~@t`~n @h`~ R arykQn~ yEw~ @g ~̀lyk~ wOLt y$@m| avq`nmk~ 
n#w.  
 
@mhQ qW  ym| kQsQvkOt R ary shQw @g ~̀ly wOL a#wQ aAXOvlt kOmk~ sQqEvn~@n~ q yn pYX~ny a#wQvQy h#kQ 
y. e@hw~ ap klQn~ q s[hn~ kr a#wQ prQqQ e~ @g ~̀ly aq`Lvn~@n~ sm|pEr~N s~kn~{y s[h` mQs @g`~ly wOL 
a#wQ s~kn~{y s[h` @n` @vyQ. @g ~̀ly wOL a#wQ s~kn~{y pmNk~ gn~@n~ nm| eyt a`q`L @g`~l@yhQ ary R 
t vd` @b@hvQn~ kOd` @vyQ. gOD ag`{yk~ nQr~m`NyvWmt nm| s~kn~{y M vR sms~w v&`p~wQym R ary 
shQw @g ~̀ly wOL pQhQtQy yEwO y. e@hw~ s`m`n&@yn~ ev#n~nk~ @n` sQqE@vyQ. 
 
e@s~ nm| gSD ag`{ a#wQvn~@n~ @k@s~ q yn pYX~ny a#wQvQy h#kQ y. gSD ag`{ a#wQvn~@n~ q yn~n m 
wvmw~ @n`vQsQ[EnE pYX~nykQ. e~  @k@s~ @vww~ gSD ag`{ nQr~m`ny s`m`n&@yn~ @qy`k`rykt sQqEvQy h#kQ 
y#yQ bthQr vQQq&`Z@y`~ sQwwQ. ek~ kYmyk~ nm| w`rk`vk~ @h`~ @vnw~ vs~wOvk~ @h`~ gOr#w~v`kr~;Ny yt@w~ 
(s`{`rN s`@p~]w`v`qy anEv nm| avk`X k`l@y~ vkYw`v @h~wO@vn~) kd`v#tW@mn~ @hvw~ sA@k`~cny vWm 
y. w`rk`vk~ s`m`n& avs~}`vl smwOlQww`v@yhQ a#w~@w~ gOr#w~v`kr~;Ny v`yE pWdny mgQn~ wOlny 
@k@rn b#vQn~ y. @m| v`yE pWdny s`m`n& v`yE pWdny @h ~̀ i@lk~@tY`~n n&E@tY`~n v#nQ aAXO nQs` a#wQvn 
v`yE pWdnyk~ vqy h#kQ y. i@lk~@tY`~n, n&E@tY ~̀n a`qQ@yn~ q s`m`n& avs~}`vl @n`v pQrQhENE 
(degenerated) y#yQ kQy#@vn avs~}`vl v`yE pWdnyk~ a#wQ vQy h#kQ y. pQrQhENE avs~}`vl i@lk~@tY`~n h` 
n&E@tY ~̀n v`yEvk~ @mn~ h#sQ@ryQ. ev#nQ avs~}`vl i@lk~@tY`~nvlt pQrQhENE i@lk~@tY ~̀n v`yEvk~ y#yQ kQynE 
l#@byQ.  
 
w`rk`vk~ n&;~tQk pYwQkYQy` mgQn~ Xk~wQy jnnykr avs`n vW@mn~ psEv ehQ s~kn~{y anEv X~@v|w v`mn 
(white dwarfs) n&E@tY ~̀n w`rk` a`qQy bvt pw~@vyQ. e~ e~ avs~}`vl qW w`rk`@v| gOr#w~v`kr~;N bly 
wOlny vnE@y~ pQrQhENE i@lk~@tY`~~n v`yEv @h`~ pQrQhENE n&E@tY`~n v`yEv @h`~ mgQn~ a#wQ@k@rn pWdny vQsQn~ y. 
e@hw~ a#w#m| avs~}`vl w`rk`@v| s~kn~{y anEv ev#nQ v`yEvkt @h`~ gOr#w~v`kr~;N bly wOlny kQrW@m| 
h#kQy`vk~ @n`m#w. evQt w`rk`v gOr#w~v`kr~;N bly yt@w~ kd`v#tWmt ptn~ gnQyQ. enm| w`rk`v 
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sA@k`~cny @vyQ. sA@k`~cny vn w`rk`v ehQ s~kn~{y anEv eyt aq`L R ary shQw @g`~ly wOLt a#qW 
yyQ. w`rk`v mEUmnQn~m e~ @g ~̀ly wOLt v#qEnE vQt bthQr vQq&`vt anEv ew#n a#wQvn~@n~ gSD ag`{ykQ.  
 
ayQn~s~tyQn~ vQq~vw`@g~ s`@p~]w`v`qy anEv pWdnyt avs`n vX@yn~ gOr#w~v`kr~;Ny wOlny kL @n` 
h#kQ y. eyt @h~wOv s`@p~]w`v`qyt anEv Xk~wQy h` s~kn~{y ekQ@nkt wOl&vWm y. @m| pYwQPly @b`@h`~  
                                             2 
@qn` as` a#wQ, q#k a#wQ E = mc     a#sE@rn~ l#@bn~nk~ @vyQ. pWdny q Xk~wQyk~ vn b#vQn~ ey 
s~kn~{yk~ q @vyQ. eb#vQn~ ym| pq~{wQyk pWdny v#dQvn~@n~y yn~@nhQ @w~r#m ehQ s~kn~{y q v#dQvn~@n~ y 
yn~n y. mEl qW e~ v#dQvWm sEU pYm`Nyk~ vQyh#kQ nmEqE psEv ey vQX`l @vnskt wOdE @qn~nk~ vQy h#kQ y. 
eb#vQn~ gOr#w~v`kr~;N pq~{wQyk pWdny v#dQvWm mEl qW yhpw~ @ls q#nEn q psEv prht sQtQn~nk~ @vyQ. 
pWdny v#dQvWmw~ smg s~kn~{y q v#dQvn b#vQn~ avs`n@y~ qW sQqEvn~@n~ sms~wyk~ @ls gw~kl pq~{wQ@yhQ 
s~kn~{y v#dQ vW gOr#w~v`kr~;Ny yt@w~ sQqEvn kd`v#tWm @hvw~ sA@k`~cnyvWm wv wvw~ ik~mn~vWm y.  
 
gSD ag`{yk~ nQr~m`ny vQy h#kQ @qv#nQ kYmy r[` pvwQn~@n~ @m| Xk~wQ@y~ h` s~kn~{@y~ wOl&w`v mw y. 
vQX~vy a`rm|x@y~ qW @h`~ aq nQr~m`ny@krW a#wQ Xk~wQy a{Qk vR w~vrk (accelerators) wOL iw` vQX`l 
Xk~wQ pYm`Nyk~ iw` kOd` prQm`vk~ wOL sA@k~n~qYvW@m| idkd @vyQ. Xk~wQy s~kn~{yt wOl& b#vQn~ @myQn~ 
kQy#@vn~@n~ iw` vQX`l s~kn~{yk~ iw` kOd` prQm`vk sA@k~n~qY vn bv y. prQm`v s~kn~{yt aq`L R 
ag@yhQ Gnyt adE nm| ew#n kOd` gSD ag`{yk~ nQr~m`nyvW@m| pYvnw`vk~ @vyQ. @m| gSD ag`{vl s~kn~{y 
w`rk` kd`v#tW@mn~ nQr~m`nyvn gSD ag`{vl s~kn~{yt vd` @b@hvQn~ adE y. eb#vQn~ @mv#nQ gSD 
ag`{vlt av gSD ag`{ (mini black holes) y#yQ kQynE l#@byQ. 
 
mh`c`r~y nlQn~ q sQl~v` 
  
 
 
 


