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s`{`rN s`@p~]w`v`qyt pYX~n kQhQpyk~

avk`Xy h` k`ly bthQr q#nE@mhQ mRlQk sAkl~p vEvw~ e~ sAkl~p nQsQ @ls ar~}qk~v` @n`m#w. e~v` mRlQk

sAkl~p @ls pvw~n` @wk~ bthQr pVQvrykOt e~ ar~}q#k~vWmt q @n`h#kQ vnE a#w. psEgQy sQyv@s~ bthQr
q#nE@mhQ qQyENE h` wQyENE m sAkl~pWy bEq~{Qmw` vR ayQn~s~tyQn~ vQq~vw` avk`Xy sAkl~pyk~ @ls ar~}qk~v`
@n`m#wQ bv pQLQgw~ awr k`ly smQbn~{@yn~ ev#n~nk~ vEv kQy` @n`m#w.

bthQr q#nE@mhQ k~@v`n~tmQ @x_wQky pQLQb[ ayQn~s~tyQn~ vQq~vw` t kQsQm mn`pyk~ @n` wQbQNQ. e~ vQvrNy
kQrWmt @b`~r~ h` hyQsn~br~g~ vQq~vwOn~ vQsQn~ sks~ @kr#NE @k`~pn~@h~gn~ vQvrNy ayQn~styQn~ vQq~vw` @n`

pQLQgw~@w~ y. @k ~̀pn~@h~gn~ vQvrNy @b`~r~ h` hyQsn~br~g~ vQq~vwOn~ vQsQn~ sks~@kr#NE nmEqE ovEn~ @q@qn`
awr q e~ pQLQb[ ekMw`vk~ @n` vW y. @b``r~ vQq~vw` in~qYQy`nExSwv`qyt amwr v k`n~tQy`nE qr~Xn@yn~
h` cWn@y~ yQn~ y$n~ qr~Xn@yn~ a`x`sy l#bR awr  hyQsn~br~g~ vQq~vw` pY{`n vX@yn~ in~qYQy`nExSwv`q@yn~
a`x`sy l#bW y. 

ayQn~s~tyQn~ vQq~vw` e@s~ @n` vW y. psEgQy sQyvs~ wOnk pmN yE@qvQ kYQs~wQy`nQ sAs~k^wQ@y~ agY Ply @ls

h#[Qn~vQy h#kQ e~ mhw` pEr~N y}`r~}v`qQ@yk~ vQy. ohE @k`~pn~@h~gn~ vQvrNyt vQr#q~{ vR@y~ q ehQ qr~Xny
y}`r~}v`qyt pth#NQ vR b#vQn~ y. bthQr vQq&`@vQ qQyENE m aAXy vR @x_wQk vQq&`vt k~@v`n~tmQ @x_wQky
h` s`{`rN s`@p~]w`v`qy a`xrN @vyQ. e@hw~ @mQ a`xrN @qkm rw~rn~ a`@l~p kL x`N~d @qkk~ mQs
Gnrn~ a`xrN @n` @vQ. m` @mQ vQ;y @qkm hq`r` a#wQ awr e~ smQbn~{@yn~ InQy` X`s~wYWy lQpQ q pLkr
a#w~@wmQ. e~ vQ;y @qk m vQX~vvQq&`l@y~ avEr#qE vQsQphk~ pmN ugn~v` a#w~@wmQ. qQgt m vQX~vvQq&`lvl
@s~vy kQrW@mQ avs~}`v l#bQNQ nmQ e~ avEr#qE hwLQhk~ pmN vWmt wQbQNQ.  e~ vQ;y @q@khQ m aw~wQv`rm iw`

qEr~vl bv m` pvsn~@n~ e~ aw~q#kW@mn~ pmNk~ @n`v sQAhl @b_q~{ykO q vX@ynQ. 

@mQ  vQ;y hrQh#tQ  h#q$rWmt hQl~btQ  avk`Xy @mn~ m ryQm`nWy j^`mQwQy q q#n@gn sQtQy yEwO  y. e~  g#n
ewrmQ av@b`~{yk~ @n`m#wQv jnpYQy @p`w~  kQyv` in~ vXWvW  a@nk~ ayt q e~  kQy` qWmt a#w#mEn~  krn
uw~s`hy g#n mm ymk~ @n` kQymQ. p`sl~ yn k`l@y~ qW m` q @mQ vQ;yvlt a`kr~;Ny vR@y~ vQ;y h#q$r$
ay lQy` wQbR jnpYQy @p`w~ kQyvW@mn~ mQs aq`L gNQwy h` qr~~Xny h#q$rW@mn~ @n` @vQ. e@hw~ kl~ yw~ m

ehQ  a#wQ  @b`l~bv p#h#qQlQ  @vyQ. aq ek q kU kOhryk~vw~  s^jEv @n`q#k bthQr @x_wQk vQq&`Z@y`~
s`{`rN s`@p~]w`v`q@yn~ kQy#@vn kU kOhr g#n vQX~v`s krwQ. 

s`{`rN s`@p~]w`v`qy mgQn~ a#w#mQ  nQrW]N @w~r#mQgw h#kQ bv s#b$ y. e@hw~ ehQ a#w#mQ  an`v#kQ
wvmw~ nQrW]Ny kQrWmt @n` h#kQ vW a#w. kU kOhr eyt ek~ uq`hrNyk~ pmNkQ. e~ pYv`q@yn~ a#w#yQ
kQy#@vn  InQy`  gOr#w~vj  wrAg  (Gravitational  Waves)  avEr#qE  anRvkt  pmN  psEvw~  wvmw~

nQrW]NykQrWmt @n`h#kQ vW a#w. k~@v`n~tmQ @x_wQk@yn~ q a#w#mQ nQrW]N @w~r#mQgw h#kQ vEvw~ q~vQw~v
sQqEr# prQ]N@yhQ sQqEvn~@n~ kOmk~ q yn~n bthQr@y`~ @n` qnQwQ. 

oQn$m p`slk~  wm a`qQ  XQ;&yn~  @ls @l`vt h[En~v`  @qn~@n~  r@tQ  v#qgw~  y#yQ  pQLQg#@nn~nn~ pmNkQ.
@h`r#n~  mQnWmr#vn~ pmNk~ @n`v sm`jy vQsQn~ pQts~wryn~ @ls h#[Qn~@vn~nn~ q wm a`qQ  XQ;&yn~ @ls
@l`vt h[En~v`qWmt kQsQm p`slkQn~ uw~s`hyk~ @n` g#@nyQ. bthQr vQq&`@vQ pYv`q smQbn~{@yn~ q ev#n~nk~

q#kQy h#kQ y. e~  pYv`qvl InQy` s`r~}k pYwQPl mQs as`r~}k pYwQPl hEv`q#k~vWmk~  ehQ qW sQqE  @n` @vyQ.
@b`@h`~ vQt lAk`v v#nQ rtvl @mQ InQy` s`r~}k pYwQPl krwb`@gn yn~@n`~ e~ vQ;y hrQh#tQ @n`h#q$r#@v`~
@vwQ.
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s`@p~]w`v`q@y~  v#qgw~ m k`r~yy kQhQpyk~ g#n @b`@h`~ vQt kQy#@vyQ. vQ@X~; s`@p~]w`v`qy g#n nmQ
pY}m@yn~  kQy#@vn~@n~  k`ly h` avk`Xy ekwOkQrWm y. @qvnEv y`n~wYQky h` smQbn~{@yn~ sQyU InQy`
avs~}QwQ r`mEvl wOl&w`v y. @vnw~ vcnvlQn~ kQyn~@n~ nmQ oQn$m avs~}QwQk r`mEvk y`n~wYQk@yhQ nQym
ekm s~vr$pyk~ gn~@n~ y#yQ vQ@X~; s`@p~]w`v`q@yhQ kQy#@vyQ. 

s`{`rN s`@p~]w`v`q@yhQ j&`mQwQy h` @x_wQky ekwO @vyQ. a#w#mEnt anEv ehQ qW j&`mQwQy q @x_wQk
vQq&`@vhQ  m @k`tsk~  bvt  pw~@vyQ.  e@hw~  aykOt ey  a@nk~  p#w~wt q vQvrNy kL h#kQ  y.  enmQ
s`{`rN  s`@p~]w`v`q@yhQ  @x_wQky  j&`mQwQ@yhQ  @k`tsk~  vn~@n~  y#yQ  kQvh#kQ  y.  ayQn~s~tyQnWy
smWkrNvlt anEv qYv& h` vQkQrN v&`p~wQy qW a#wQ vQt avk`X k`ly h` ehQ j&`mQwQy nQr~Ny kL h#kQ vQy
yEwO y. e@hw~ qYv& h` vQkQrN v&`p~wQy qEn~ pmNQn~ avk`X k`ly ann&v nQr~Ny @n` @vQ. @my s`{`rN

s`@p~]w`v`q@yhQ qEr~vl kmkQ. e@s~ avk`X k`ly ann&v nQr~Ny kQrWmt m`yQmQ avX&w` qQy yEwO v a#w.
e@hw~ e~ m`yQmQ avX&w` kv@r~q#yQ sRwYgw @n`@krW a#wQ awr e~ sQyl~l pYv`qyt b`hQrQn~ @gn e~mt sQqE vW
a#w. m`yQmQ avX&w` s`{`rN s`@p~]w`v`qW pYv`q@yhQ m @k`tsk~ @n` @vQ. 

ayQn~s~tyQn~ vQq~vw` mEl qW @x_wQk vQq&`ZykO @mn~ m q`r~XnQkykO q vR ar~ns~tQ m`k~ pVQvry`@g~ aqhs~
gOr# @k`t gw~@w~  y. m`k~  vQq~vw`t anEv ymQ aAXOvkt avs~}QwQyk~  l#@bn~@n~  av@X~; vQX~vy nQs` y.

@vnw~ vcnvlQn~ kQyn~@n~ nmQ vQX~v@yhQ pvwQn~@n~ wnQ aAXOvk~ pmNk~ nmQ eyt avs~}QwQyk~ wQbQy h#kQ
@n` @vQ. ev#nQ aAXOvkt avs~}QwQ s~kn~{yk~ wQbQy @n` h#kQ y. a@nk~ awt vQX~v@yhQ qYv& h` vQkQrN
n#w~nmQ j&`mQwQyk~ q wQbQy @n` h#kQ y. e~ v`k& nQv#rqQ @n` @vQ. vQX~v@yhQ qYv& h` vQkQrN n#w~nmQ yn~n
m v#rqQ kQymnkQ. qYv& h` vQkQrN n#w~nmQ vQX~vyk~ n#w, eb#vQn~ j&`mQwQyk~ q n#w ynE@vn~ e~ nQv#rqQ vQy
yEwO y. 

@k@s~  vEvw~~  m`k~  vQq~vw`@g~  aqhs~ s`{`rN s`@p~]w`v`@yhQ  mEUmnQn~  m an~wr~gw vW  n#w. aAXOvk
avs~}QwQ s~kn~{y av@X~; vQX~v@yn~ nQr~Ny vn bvk~ s`{`rN s`@p~]w`v`q@yn~ @pn~v` qQy h#kQ @n` @vQ.
e~ awr qYv& @h`~ vQkQrN @h`~ kQsQvk~ @n`m#wQ avk`X (vQX~v) a#w#yQ s`{`rN s`@p~]w`v`q@yn~ kQy#@vyQ.
@vnw~  vcnvlQn~  kQv@h`w~  nQrW]kykO  n#wQv vEv q avk`X k`lyk~ (vQX~vyk~)  p#vwQy  h#kQ  y. ev#nQ
avk`X  k`lyk~  nQrW]Ny  krn~@n~  kvE  q?  ayQn~s~tyQn~  vQq~vw`  pLmE@vn~  bl`@p`@r`w~wO  vR@y~  m`k~
pVQvry`@g~ aqhs~ an~wr~gw @k@rn pYv`qyk~ sAs~krNy kQrWmt y. e@hw~ ohE awQn~ e~ sQqE vW @n`m#wQ

bv p#h#qQlQ y. psEv ayQn~s~tyQn~ vQq~vw` kW@vQ mEl qW ohE m`k~ pVQvry`@g~ aqhs~vlQn~ @p`~;Ny l#bEN q
psEv  e~  aw~hL bv y.  m`k~  mRl{r~my  ynE@vn~  a#wQ  ap#h#qQlQ  aqhs~  wm`t  s`{`rN s`@p~]w`v`qy
@g`dn#gW@mQ qW kr#vk~ pmNk~ vR bv psE k@lk ayQn~tyQn~ vQq~vw` pYk`X @k@L~ y.  

vQ@X~;  s`@p~]w`v`q@yhQ  y`n~wYQk@yhQ  nQym  oQn$m  avs~}QwQ  r`mEvk  ekm  s~vr$pyk~  gnQyQ.  s`{`rN
s`@p~]w`v`q@yhQ @x_wQk vQq&`@vQ nQym oQn$m r`mEvk ekm s~vr$py gnQyQ. s`{`rN s`@p~]w`v`q@yhQ

avs~}QwQ r`mE wQbQy @n` h#kQ y. e@hw~ ihw s[hn~ kr a#wQ prQqQ s`{`rN s`@p~]w`v`q@yhQ qYv& @h`~
vQkQrNvlQn~ @h`~ @w`rv vEv q avk`X k`l wQbQy h#kQ y. vQ@X~; s`@p~]w`v`q@yhQ qk~nt l#@bn avk`X
k`ly q s`{`rN s`@p~]w`v`q@yhQ ayQn~s~tyQnWy smWkrNvl ek~ vQs[EmkQ. e@s~ vn~@n~ qYv& @h`~ vQkQrN
@h ~̀ n#wQ vR vQt y. @my ewrmQ swOtEq`yk ww~vyk~ @n` @vQ. 

ayQn~s~tyQn~ vQQq~vw`t anEv s~}`nWy vX@yn~ gw~kl InQy` gOr#w~v`kr~;N @]wYyk~ w~vrNy vn r`mEvkQn~

nQr$pNy kL h#kQ y. s~}`nWy vX@yn~ gw~kl InQy` gOr#w~v`kr~;N @]wYyk~ h` w~vrNy vn r`mEvk~
ekQ@nkt wOl& @vyQ. InQy` gOr#w~v`kr~;N @]wYyk~ a#w#yQ nQvQtn~v`qWn~ kQyn~@n~ ayQn~s~tyQnWy pYv`qyt
anEv  avk`X  k`l@yhQ  vkYw`vk~  a#wQ  vQt  y.  avk`X k`l@yhQ  vkYw`vk~  n#w#yQ  gn~n`  nQvQtn~v`qWn~
vkYw`v h[En`gn~@n~ gOr#w~v`kr~;N @]wYyk~ @ls y. 
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@mhQ  qW  av{`rNy kL yEwO  kr#N nmQ  gOr#w~v`kr~;Ny @mn~  m vkYw`v q  gNQwmy sAkl~p bv y.
vkYw`v h[En`gw @n`h#kQ v nQvQtn~v`qWn~ e~ gOr#w~v`kr~;N @]wYyk~ @ls h[En`gn~@n~ y#yQ kQyn~@n~ ap
@n`v ayQn~styQn~ vQq~vw` y. e@hw~ gOr#w~v`kr~;N bly @]wYy nQvQtn~ vQq~vw` vQsQn~ sAs~krNy krn
lq pYv`qyk~ vn~n` @s~ m avk`X k`l@yhQ vkYw`v ayQn~s~tyQn~ vQq~vw` vQsQn~ nQr~m`Ny krn lq~qkQ. 

ehQ  in~  obQbt  yn InQy`  v`s~wvQkw~vyk~  @h ~̀  y}`r~}yk~  @h`~  @n`m#w.  @mQ  sQyU sAkl~p mQnQsEn~@g~
nQr~m`N @vyQ. apQ gOr#w~v`kr~;Ny @vnEvt avk`X k`l@yhQ  vkYw`v @n` pQLQgnQmE. e~ @qk m hEqE nQr~m`N
@vyQ. ekk~ a@nkt vd` sw&yt LM bv q apt kQv @n`h#k~@k~ ap InQy` sw&y kOmk~ q#yQ @n`qn~n`
b#vQnQ. apt kQv h#k~@k~ ek~ pYv`qykQn~  @w~r#mQ kr @n`@qn~nk~ a@nk~ pYv`qykQn~ @w~r#mQ  kr @qn bv
pmNQ. 

ayQn~s~tyQnWy smWkrNvl vQs[Emk~ @ls pLmEv l#bE@N~ pYs`rNy vn vQX~vykQ. ekl vQX~vy pYs`rNy vn
bvk~  q#n@gn  @n`  wQbQNQ.  evQt  ayQn~s~tyQn~  vQq~vw`  @k@L~  iw`  avs~}`v`qWv  mRl  {r~mykQn~  @w`rv
vQX~vv@vQQqW nQywy (Cosmological Constant) nmQn~ h#[Qn~@vn nQywy wm smWkrNvlt ek~ kQrWm y. e~
nQywy ekwO kQrW@mn~ psE pYs`rNy @n`vn s~}`vr vQs[Emk~ lb`g#nWmt ohEt h#kQ vQy. e@hw~ psEv hbl~
nmQ vQq&`Zy` vQX~vy pYs`rNy vn bv nQrW’]Ny @k@L~ y. evQt ayQn~s~tyQn~ vQq~vw` @k@L~ wm jWvQw@y~

kL @l`kOm @m``dkm y#yQ kQymQn~  vQX~v@vQQqW  nQywy as~kr g#nWm y. eyt @h~wOv vR@y~ e~ nQywy n#wQv
pYs`rNy vn vQX~vyk~ ayQn~s~tyQnWy smWkrNvlQn~ lb`g#nWmt h#kQ vWm y. psEv vQX~v@vQqW nQywy shQwv q
pYs`rNy vn vQs[EmQ vQX~vy s[h` lb`g#nWmt vQX~v@vQqQ@y`~ smw~vEh. nQyw@y~ agy @vns~vn vQt vQX~v@y~
pYs`rNy q @vns~ vQy.  
    

       

mh`c`r~y nl]n\ q s]l\v`mh`c`r~y nl]n\ q s]l\v`mh`c`r~y nl]n\ q s]l\v`mh`c`r~y nl]n\ q s]l\v`

© Prof. Nalin De Silva


