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gSDw~v@yn~ wv wvw~ gSDw~vyt 
 

 
mEl~k`l@y~ qW bthQr @x_wQk vQq&`Zyn~ sQw` sQtQ@y~ gSD ag`{ykQn~ kQsQvk~ b`hQr @l`~kyt a`psE @n`en 
bv y. a`@l`~kyt vEv q gSD ag`{yk a`kr~;N@yn~ mQqW in~ ikOw~ vW b`hQr nQrW]kykO @vwt gQy @n`h#kQ 
y#yQ ovEhE sQwSh. ayQn~s~tyQnWy s`@p~]w`v`qy anEv s`m`n& aAXOvkt @h`~ vs~wOvkt @h`~ a`@l`~k@y~ 
@v|g@yn~ clnyvQy @n`h#kQ awr @w`rwOr# pYc`rNykQrW@m| uprQm @v|gy a`@l`~k@y~ @v|gy @vyQ. 
a`@l ~̀kyt vEv q gSD ag`{ykQn~ nQk~m b`hQr @l`~kyt y` @n`h#kQ nm| gSD ag`{yk~ qr~Xnykrn~@n~ @k@s~ 
q yn pYX~ny p#n ngQyQ. ap ym| vs~wOvk~ qr~Xnykrn~@n~ e~ vs~wO@vn~ nQk~@mn @h`~ pr`vr~wnyvn @h`~ 
a`@l ~̀ky a`{`r@yn~ y.  
 
gSD ag`{ wQbQy h#kQ bv s`{`rN s`@p~]w`v`q@yn~ @@sq~{`n~wQkv kQy#vEN q e~ nQrW]NykQrW@m| 
h#kQy`vk~ @n`m#wQkmQn~ e~ pQLQb[ ewrm| av{`nyk~ h#@t| qXkyt @pr @n` vWy. ekl vQX~v`s@kr#@N~ 
gSD ag`{yk~ nQrW]Ny @n`kL h#kQ vEv q ehQ gOr#w~v`kr~;Ny (e~ nQs` a#wQ @k@rn avk`X k`l 
vkYw`v) a@nk~ vs~wOvlt q#@nn bv y. h#@t| qXk@y~ agx`g@yhQ nQrW]Ny@kr#NE k~@v|s`r 
(Quasars) mgQn~ ww~w~vy mEUmnQn~ m @vns~@krQNQ. k~@v|s`r yn @ktQ nm iAgQrQsQ@yn~ @yqE@N~ k~@v|syQ 
s~@tlr~ ob|@jk~t|s~ (Quasi Stellar Objects) yn~nt y. ehQ @w~r#m w`rk` v#nQ vs~wO yn~n y. k~@v|s`r 
mElQn~ m nQrW]Ny@kr#@N~ pY{`n vX@yn~ m gOvn~vQqElQ kQrN mgQn~ Xk~wQy nQkOw~krn pYxv (radio 
sources) @ls y. e@hw~ psEv @vnw~ wrAg a`y`m shQw kQrN os~@s~ q in~ Xk~wQy nQkOw~@k@rn bv 
q#ng#nWmt l#bQNQ. 
 
k~@v|s`ryk~ s`m`n&@yn~ w`rk`vk pYm`N@y~ vR vs~wOvk~ vEv q, in~ nQkOw~ @k@rn Xk~wQy awQmhw~ vQy. 
ehQ Xk~wQy s`m`n& vX@yn~ gw~kl mn~q`kQNQyk Xk~wQyt sm`n vQy. q#n~ pYX~ny vR@y~ ewrm| vQX`l 
Xk~wQyk~ w`rk`vk pYm`N@y~ vR vs~wOvkQn~ nQkOw~@k@rn~~@n~ @k@s~ q yn~n y. eyt pQLQwOr# @ls vQvQ{ 
a`k^wQ iqQrQpw~ @krQNQ. in~ ek~ a`k^wQykt anEv k~@v|s`ryk~ m#q gSD ag`{yk~ vQy. gSD ag`{y vQsQn~ e~ 
avt a#wQ qRlQ h` aAXO av@X ~̀sNy@k@ryQ. gSD ag`{y avt qRlQ h` aAXO e~ vt` xYmNy@vmQn~ pvwQyQ. e@s~ 
xYmNyvn awr aAXO h` qRlQ kYm@yn~ gSD ag`{y wOLt pQvQ@syQ. qRlQ h` aAXO gSD ag`{y vt` xYmNy@vmQn~ 
e~ wOLt v#@tn~@n~ e~ e~ aAXO h` qRlQ awr Gr~;Nyk~ q a#wQkrmQn~ y. @m| Gr~;Ny nQs` w`py q a#wOU 
Xk~wQ jnny@k@ryQ.  
 
@mhQ qW kQvyEwO kr#Nk~ nm| gSD ag`{yk vQq&Ew~ cEm|bk @]wYyk~ q a#wQ bv y. @m| vQq&Ew~ cEm|bk @]wYy 
q gSD ag`{@yhQ gOr#w~v`kr~;Nyt amwr v b`hQr @l`~kyt q#@nn bv amwk @n`kL yEwO y. bthQr 
@x_wQk vQq&`vt anEv gOD ag`{yk~ b`hQr @l`~kyt a`@l`~ky a#wOU vQq&Ew~ cEm|bk kQrN a`{`r@yn~ qr~Xn 
@n`vEN q ehQ gOr#w~v`kr~;Ny, vQq&Ew~ cEm|bk @]wYy h` xYmNy mgQn~ q#ng#nWmt h#kQ y. enm| gSD 
ag`{yk e~ gON b`hQr @l`~kyt q#@nyQ.  
 
gSD ag`{yk~ avt a#wQ aAXO h` qRlQ e~ vt` xYmNy@vmQn~ in~ av@X`~;Ny @k@rn~@n~ ehQ vQQq&Ew~ cEm|bk 
@]wY@yhQ y. @m| @h~wO@vn~ qRlQ h` aAXO Gr~;N@yn~ ekW vQq&Ew~ cEm|bk @]wY@hQ a#wQvn Xk~wQy vQvQ{ 
wrAg a`y`m shQw kQrN @ls nQkOw~ @vyQ. @m@ls nQkOw~vn Xk~wQy e~ nQkOw~vn qQX`v anEv b`hQr 
@l`~kyt a#qW yyQ. @b`@h`~ kQrN gSD ag`{y wOLt m av@X`~;Nyvn~@n~ ehQ gOr#w~v`kr~;N@yhQ wWvRw`v 
@mpmN y#yQ @pn~vmQn~ y. e@hw~ qRlQ h` aAXOvl Gr~;Ny @h~wO@vn~ nQkOw~vn ym| Xk~wQ pYm`Nyk~ gSD 
ag`{@yn~ ivwt vR qQX` qQ@g~ kQrN mgQn~ pYc`rNyvn b#vQn~ e~ kQrN b`hQr @l`~ky @vwt yyQ. @m| 
Xk~wQy nQkOw~vn~@n~ gSD ag`{y wOL @n`v in~ b`hQr vR pY@q~Xyk bv av{`rNy kL yEwO y.  
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gSD ag`{yk b`hQr @p@qskQn~ e@s~ nQkOw~vn Xk~wQ@yn~ ym| pYm`Nyk~ b`hQr @l`~kyt l#@bn bvw~ e~ 
l#@bn Xk~wQy vEv q iw` vQX`l bvw~ q#ng#nW@mn~ psEv bthQr vQq&`Z@y`~ k~@v|s`r ynE @m@ls l#@bn 
Xk~wQy y#yQ vQX~v`skQrWmt ptn~gw~h. k~@v|s`r s[h` nQr~m`ny vR ekm a`k^wQy @m| y#yQ @n`sQQwQy yEwO y. 
wvw~ a`k^wQykt anEv k~@v|s`r ynE sWft| n&;~tQ (Seyfert nuclei) nmQn~ h#[Qn~@vn w`rk` gOr#w~vj 
k`c mgQn~ Xk~wQy vQX`lnyvW@mn~ q&X&m`nvn vs~wO @vyQ. @vnw~ vcnvlQn~ kQyn~@n~ nm| e~ a`k^wQyt 
anEv k~@v|s`r ynE sQft| n&;~tQvl gOr#w~vj k`c mgQn~ a#wQ@k@rn pYwQbQm|b @vyQ. e~ @k@s~ @vww~ 
k~@v|s`r vQsQn~ gSD ag`{ pQLQb[ a{&ynykQrWmt bthQr @x_wQk vQq&`Z@y`~ @p`LBnE l#bRh. gSD ag`{ 
qr~XnykQrWmt @n`h#kQvEv q in~ a#wQ@k@rn ym| ym| pYwQPl qr~Xny kLh#kQ bv bthQr vQq&`Z@y`~ 
vQX~v`skLh.   
 
ehQ pYwQPly vR@y~ gSD ag`{ g#n @@sq~{`n~wQk gON r`XQyk~ bthQr @x_wQk vQq&`Zyn~ vQsQn~ 
nQr~m`ny@krWm y. s~tWvn~ @h`~kQn~ vQq~vw`@g~ h#q$rWm| mgQn~ gSD ag`{ pQLQb[ @vns~ mwyk~ iqQrQpw~@krQNQ.  
ohE kQy` sQtQ@y~ gSD ag`{ykt, vQ@X~;@yn~ m av gSD ag`{ykt, “v`;~pWkrNyvWmt”  (evaporate)  h#kQ 
bv y.  ohEt anEv gSD ag`{yk~ vt` a#wQ rQk~wy @mhQ qW v#qgw~ @vyQ. s`m`n&@yn~ rQk~wy ynE@vn~ 
h#[Qn~@vn~n k~@v`n~tm| @x_wQk vQq&`vt anEv @n`@ykOw~ pYwQkYQy` sQqEvn pY@q~Xyk~ @vyQ. rQk~wyk aAXO 
nQr~m`ny @vyQ. @m| aAXO yEgl vX@yn~ nQr~m`ny @vyQ. @h`~kQn~ vQq~vw`@g~ gNnykQrWm|vlt anEv ek~ 
aAXOvk~ b`hQr @l`~kyt nQkOw~vQy h#kQ awr a@nk~ aAXOv gSD ag`{y vQsQn~ av@X`~;Ny@k@ryQ. @m| aAXO 
nQpq@vn~@n~ gSD ag`{y wOL @n`v in~ pQtw b#vQn~ ek~ aAXOvkt b`hQr @l`~ky kr` nQk~my$@m| h#kQy`vk~ 
pvwQyQ.  
 
e@s~ b`hQr @l`~kyt nQk~m yn aAXOv e~ smg ym| Xk~wQ pYm`Nyk~ rF@gn yyQ. e~ aAXOvt Xk~wQyk~ 
l#@bn~@n~ @vnw~ kQsQvkQn~ @n`v gSD ag`{@yn~ m y. rQk~w@y~ Xk~wQy gSD ag`{@y~ Xk~wQy @vyQ. evQt 
nQr~m`nyvR aAXO @q@kn~ ekk~ vQsQn~ b`hQr @l`~kyt @gnynE lbn~@n~ gSD ag`{@y~ Xk~wQy y. e@ls aAXO 
r`XQyk~ b`hQr @l`~kyt nQk~my$mw~ smg gSD ag`{@yhQ Xk~wQy kYm@yn~ hWnvW avs`n@yhQ qW gSD ag`{y 
n#wQvW yyQ. ey gSD ag`{@y~ v`;~pWkrNyk~ @ls h#[Qn~@vyQ. @m@ls gSD ag`{y avt nQr~m`ny@vn aAXO 
mgQn~ b`hQr @l`~kyt Xk~wQy gl`y$m aq @h`~kQn~ vQkQrNy (Hawking Radiation) @ls h#[Qn~@vyQ.   
 
@mhQ @w~r#m nm| gSD ag`{yk~ wOLt gl`yn Xk~wQy n#vw a`psE lb`gw h#kQ bv y. @my wrmk pEqEm 
shgw @qyk~ vEvw~ @h`~kQn~ vQq~vw`@g~ gNnykQrWm|vlt anEv sQqEvWy h#kQ @qyk~ @vyQ. gSD ag`{ykQn~ 
Xk~wQy a`psE lb`gw @n`h#k~@k~ hEqE s`{`rN s`@p~]w`v`qW mRl{r~mvlt anEv y. e@hw~ s`{`rN 
s`@p~]w`v`qyt akYmvw~ a`k`rykt vEv q k~@v`n~tm| @x_wQky mEsE kQrW@m| pYwQPly vnE@y~ @h`~kQn~ 
vQkQrN y. ap @mhQ qW mwk wb`gw yEw~wk~ nm| aq vn wOr#w~ bthQr vQq&`Zyn~ kQsQvkOtvw~ wvmw~ 
s`{`rN s`@p~]w`v`qy kYmvw~ v nQsQ ayE@rn~ k~@v`n~tm| @x_wQk vQq&`v smg mEsEkQrWmt @n`h#kQ vW a#wQ 
bv y. ym| qQ@nk e@s~ s`{`rN s`@p~]w`v`qy h` k~@v`n~tm| @x_wQk vQq&`v ekwOkL@h`w~ gSD 
ag`{vlt v#dQ a`yR;k~ n#wQvnE a#w.  
 
@h`~kQn~ vQq~vw` psEgQyq` wm` gSD ag`{ sm|bn~{@yn~ e@wk~ q#r$ mwyk~ @vns~kr gw~@w~ y. ohE klQn~ 
kQy` wQbE@N~ gSD ag`{yk~ wOLt yn Xk~wQy lb`gw h#kQvEv q @w`rwOr# (information) lb`gw @n`h#kQ 
bv y. uq`hrNyk~ @ls p#tUNE aAXO @qkk a#wQ p#tlWm pQLQb[ @w`rwOr# n#vw lb`gw @n`h#kQ y#yQ 
ohE vQX~v`s @k@L~ y. e~ sm|bn~{@yn~ ohE wvw~ vQq&`ZykO smg ot|tEvk~ q al~l` wQbE@N~ y. e@hw~ m$w qW 
bthQr @x_wQk vQq&`Z@y`~ wn~wO pYv`qy (string theory) nmQn~ h#[Qn~@vn k~@v`n~tm| @x_wQk vQq&`@v| ek~ 
aAXyk~ gSD ag`{vlt @y`q`g#nW@mn~ psEv gSD ag`{vl gON sm|bn~{ @vns~km| q sQqEvW wQ@b|. e~ anEv aq 
@h`~kQn~ vQq~vw`t gSD ag`{ykQn~ @w`rwOr# pv` a`psE lb`gw h#kQy yn mwyt eLBWmt sQqE vW a#w.  
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wn~wO pYv`qy @h`~ k~@v`n~tm| @x_wQk vQq&`@v| @vnw~ pYv`qyk~ @h`~ s`{`rN s`@p~]w`v`qyt 
@y`q`g#@nn~@n~ ewrm| kYmvw~ x`vykQn~ @n`vn bv amwk @n`kL yEwO y. s`{`rN s`@p~]w`v`qy 
k~@v`n~tWkrn~@n~ (quantise) @k@s~ q yn~n bthQr @x_wQk vQq&`@v| aqtw~ @n`vQs[ENE pYX~nyk~ @vyQ. 
s`{`rN s`@p~]w`v`qy wb` vQ@X~; s`@p~]w`v`qy q k~@v`n~tm| @x_wQk vQq&`v smg mn`v p$@hn~@n~ 
y#yQ sQwQy @n` h#kQ y. @m| sm|bn~{@yn~ qXk gNn`vkt @pr @p`~l~ dQrFk~ nm| iAgQrQsQ j`wQk @x_wQk 
vQq&`Zy` vQsQn~ krn lq p$hWmk~ a#w. ey iw` s`r~}kv @y@qn bv q s#b$ y. dQrFk~ vQq~vw` pYwQ aAXO 
(anti particles) a#wQ bvt pE@r`~k}nyk @yqE@N~ q e~ p$hWm mw pqnm|@vmQn~ y yn~n q s#b$ y. ev#nQ 
@k`@wkOw~ jygYhN wQbQy q k~@v`n~tm| @x_wQkyt vQ@X~; s`@p~]w`v`qy @y`q`@gn a#w~@w~ ym| 
akYmQkw`vkQn~ y#yQ sQ@wyQ. vQsQv#nQ sQyv@s~ bthQr @x_wQk vQq&`@v| pY{`nm pYv`q vR@y~ s`@p~]w`v`qy h` 
k~@v`n~tm| @x_wQk vQq&`v y. e@hw~ avEr#qE h#w~w$phkt pmN psEv q e~ pYv`q @qk awr ewrm| p$hWmk~ 
n#w. @m| bthQr @x_wQk vQq&`vt vQX`l pYX~nyk~ @vyQ. vQsQek~v#nQ sQyv@s~ bthQr @x_wQk vQq&`v ek~@k`~ 
@m| pYv`q awr p$hWmk~ a#wQkL yEwO y. n#w~nm| pYv`q @q@kn~ ekk~ @h`~ @qkm @h`~ aw~h#r q#mQy yEwO y. 
ekk~ pmNk~ aw~h#rWmt sQqEvEv@h`w~ e~ s`@p~]w`v`qy mQs k~@v`n~tm| @x_wQk vQq&`v @n`vWmt a#wQ 
idkd a{Qk y. 
 
sm|x`v& (classical) @hvw~ nQr~k~@v`n~tm| (non quantum) @x_wQk vQq&`@v| kQy#@vn gSD ag`{ pQLQb[ 
wvw~ q#k~vQy yEwO v#qgw~ kr#Nk~ @vyQ.  e~ gSD ag`{ykt a#qW yn vs~wOvk~ @h`~ aAXOvk~ @h`~ 
sm|bn~{@yn~ y. e@s~ gSD ag`{yk~ wOLt a#qW y$@m| qW vs~wOvk~ k$lQ k#lQvlt k#dW y$mt h#kQ b#vQn~ a@p~ 
phsEv s[h` apQ aAXOvk~ slkmE. @m| a#qW yn aAxOvt sQqEvn~@n~ kOmk~ q? e~ a#qW y#mt @kLvrk~ @v| q? 
mRly kr` a#qW yn aAXOvt in~psE sQqEvn~@n~ kOmk~ q? e~ aAXOv a@p~ vQX~v@yn~ pQtwt yn~@n~ q? @m| 
pYX~nvlt bthQr @x_wQk vQq&`@v| s$hWmkt pw~vQy h#kQ pQLQwOr# qW n#w.  
 
mh`c`r~y nlQn~ q sQl~v` 
  
 
 
 


