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@k`ts~vl ekwOvk~ vR pq~{wQy 

 
k@w ~̀lQk cQn~wny gYWk yE@qvQ kYQs~wQy`nQ cQn~wny vQsQn~ pr`jy @kr#N q m`k~s~v`qy h` f#sQs~tQv`qy os~@s~ 
e~ n#vw iwQh`s@y~ @vQqQk`vt p#mQNWmt uw~s`h gw~ bvw~ e@hw~ sEU k@lkQn~ n#vww~ pr`jy vR bvw~ apQ 
qEtE@vmE. in~ psEv qkONE a#mrQk`nE rtvl vrQn~ vr rtQn~ rt m`k~s~v`qW m @n`vEN q ymQ sm`jv`qyk~ kL 
eLQ b#s a#mrQk`v vQsQn~ e~ s^jEv @h`~ vkYv @h ~̀ pr`jy @krW a#wQ bvw~ s[hn~ @k@LmE. qkONE a#mrQk`nE 
rtvl~ a`gmQn~ k@w ~̀lQk bv ap amwk @n`kL yEwO y. e~ awr qkONE @k`rQy`v m$wk qW kYQs~wQy`nQ krvWmt 
@pr a`sQy`@vQ wQbR ekm kYQs~wQy`nQ rt vR pQlQpWny k@w ~̀lQk vEv q kQsQymQ vR sm`jv`qyk~ a#wQkQrWmt uw~s`h 
@n`@gn a#wQ bv q pQLQgw yEwO y. e@mn~ m a`gmQn~ k@w ~̀lQk rtk~ vR kQyEb`v q#n~ avEr#qE pnhkt v#dQ 
k`lyk~ sm`jv`qW kYmyk~ anEgmny kryQ. ap @mQ sQyl~l avm prs~pr shQwv @w~r#mQ gn~@n~ @k@s~ q?  
 
ap kQhQp vw`vk~ s[hn~ kr a#wQ prQqQ k@w ~̀lQk cQn~wny h` k@w ~̀lQk a`gm awr smQbn~{yk~ @vyQ. gYWk 
yE@qvQ kYQs~wQy`nQ cQn~wn@yhQ @mn~ @n`v k@w ~̀lQk cQn~wn@yhQ @p_q~hlQkw~vy @vnEvt s`mRhQkw~vy rjyyQ. 
cwOs~@k ~̀tQkyk~ n#wQ bthQr cQn~wn@yhQ @p_q~glQkw~vyw~ s`mRhQkw~~vyw~ yn @q@kn~ ekk~vw~ a@nk 
p`g`qmmQn~ rjyn~@n~ n#wQ avs~}`vk~ n#w. cQn~wn vQp~lvykQn~ psE k@w ~̀lQk cQn~wn@yn~ gYWk yE@qvQ 
kYQs~wQy`nQ cQn~wnyt h#r#NE yR@r`~p@y~ @p_q~hlQkw~vy rjymQn~ mQnQsEn~ ekQ@nk`@gn~ a$w~krmQn~ p#vwQ 
kYmyt yE@r ~̀p@yn~ vQkl~pyk~ @svWmt wQbE@N~ k@w`~lQk cQn~wny a#sE@rn~ pmNkQ. m`k~s~ h` hQtQlr~ 
jr~mnQ@yn~ (adEm wrmQn~ jr~mn~ sAs~k^wQ@yhQ) bQhQvWm pEqEmyk~ @n` @vQ. jr~mn~ sAs~k^wQy k@w ~̀lQk 
cQn~wny mw pqnmQ @vyQ. e@mn~ m yE@r`~p@y~ a@nk~ f#sQs~tQv`qQy` vR mE@s`lQnW bQhQkl iw`lQy q k@w ~̀lQk 
rtkQ. ap klQn~ s[hn~ kr a#wQ prQqQ k@w ~̀lQk cQn~wn@yhQ @p_q~glQkw~vy s`mRhQkw~v@yhQ gQl~@vyQ. e@s~ 
vEvw~ @p_q~glQkw~vyt e@rhQv yE@r`~pWyynt wQbR ekm vQkl~py vR@y~ k@w ~̀lQk cQn~wny y.  
 
e@hw~ qkONE yE@r ~̀py pLmEvw~ psEv yE@r ~̀p@y~ @ssE rtvlEw~ k#rlQ g#sE@vQ k@w ~̀lQk cQn~wn@yhQ 
@p_q~glQkw~vy s`mRhQkw~vy wOL gQl~lvWmt q vQr#q~{v y. @q~Xp`ln@yhQ qW e~ yE@r ~̀pWy v#dvsmQ kYmyt 
vQr#q~{v krn lq arglyk~ vQy. p`p~ vhn~@s~@g~ h` yE@r`~pWy v#dvsmQ rjvr#n~@g~ e~k`{QpwQv`qy kYm@yn~ 
jnw`vt ep`@vmQn~ wQbENQ. e@hw~ e~ @q~Xp`ln argly kQrWmt qhatv#nQ sQyvs vn @wk~ bl` sQtWmt 
yE@r`~pWyynt sQQqEE vQy. ph@L`s~v#nQ sQyvs avs`ny vn vQt e~ vQ@r`~{y cQwY XQl~pWn~ h` mRr~wQ XQl~pWn~ os~@s~ 
krLQyt p#mQNQ@y~ y. eAgln~w@y~ atv#nQ @hn~rQ rjE os~@s~ 1509 n~ psEv p`p~ vhn~@s~t vQr#q~{v krn lq  
argly ehQ wvw~ v#qgw~ sn~{Qs~}`nyk~ vQy.  m`tQn~ lRwr~ os~@s~ 1517 qW @kr#@N~ arglyt avX& 
a`gmQk mwv`qy sAvQ{`ny vWm y. e~ mwv`qy k@w ~̀lQk a`g@mn~ h` p`p~ vhn~@s~@gn~ @vn~ vR @vnw~ 
a`gmk~ @ls mwOvQy. p`p~ vhn~@s~@g~ @h ~̀ ogE@g~ nQ@y ~̀jQw pRjkvry`@g~ @h`~ @m@hyvW@mn~ s`mRhQkv 
@qvQyn~ vhn~@s~t y`Z` krnE @vnEvt @p_q~glQkv avX& nmQ nQv@s~ qW m @qvQyn~ vhn~@s~ smg 
smQbn~{vWmt in~ psE h#kQvQy.  
 
k@w ~̀lQk pYjkvrykO vWmt iw`lQyt p#mQNQ @k`pr~nQks~ x`rwWyyn~@g~ sEr~y @k~n~qYv`qy bthQr yE@r ~̀pyt 
h[En~v` qEn~@n~ y. e~ smg gYWkyn~@g~ vQyEk~w cQn~wny n#vww~ yE@r ~̀pWyyn~t pY@y ~̀jnvw~ vQy. in~ klkt 
psEv iw`lQ@y~ g#lWlQ@y ~̀ g#lWlQ kl`@vn~ vQq&`vt vQ@X~;@yn~ m @x_wQk vQq&`vt nv cQn~wny @gn a`@vQ 
y. vQyEk~w cQn~wny q ehQ @k`tsk~ vQy. pY@]p krn lq aAXOvk clQwy vQX~@l~;Ny kr ekQ@nkQn~ 
s~v`yw~wv sQqE@k@rn sQrs~ h` wQrs~ (sArck) clQw @qkkt @vn~kr e~ a{&yny kQrWmt ohE kQy` qEn~@n~ 
y. aqw~ lAk`@vQ uss~ @pL prW]N@yhQ sAyEk~w gNQwy pYX~n pwY@yhQ pY]Qp~w g#tUv ig#n~@vn~@n~ @mQ 
@vn~kQrWm XQ;&yn~t kQy` qWmt y.  
 
ap vQyEk~w cQn~wn@yhQ ewrmQ q]yn~ @n`vWm nQs` ap e~ phw~@k`t s#lkQy yEwO @n` @vQ. InQy` in~qYQy 
@g ~̀cr sAyEk~w q#nEm q mQnQs`@g~ nQr~m`Nyk~ bv ap amwk @n`kL yEwO y. bthQr gNQwy bthQr vQq&`vt 
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vd` vQyEk~w y. e~ bthQr hNQwZyn~ sQwn a`k`ry pmNk~ @n` @vQ. vQyEk~w srl @r~K`v @n`m#wQv bthQr 
j&`mQwQyk~ @n`m#w. j&`mQwQy @n`m#wQv bthQr gwQkyk~ (dynamics) @n`m#w. bthQr gwQky @n`m#wQv 

a@nk~ bthQr vQq&` @h`~ bthQr iAjQ@n~r# vQq&`v @h`~ n#w. vQyEk~w cQn~wny @n`m#wQv s`{`rNy kL h#kQ 
(generalize) @n`@vQ.  

 
ap kL yEw~@w~ bthQr gNQwZyn~ bthQr gNQwy vQyEk~w bv pvsn~@n~ y#yQ kQymQn~ ovEn~ @hL` q#kWm @n`v 
vQyEk~wy @h`[Qn~ i@gn sAyEk~wy h` vQyEk~wy awr mn` wOlnyk~ a#wQkr g#nWm y. bthQr gNQw@y~ sh 
bthQr cQn~wn@y~ @b`@h ~̀ vQr#q~{`x`s @hvw~ prs~pr a#w. sW@n`~@g~ vQr#q~{`x`sy h` rsl~@g~ vQr#q~{`x`sy 
a`qQy @myQn~ pY{`n y. @mQ vQr#q~{`x`s a#wQvn~@n~ InQy` sAyEk~w in~qYQy @g ~̀cr @l`~kykQn~ p#ngQy vQyEk~w 
cQn~wnyk~ nQs` @n` @vQ. e~ vQr#q~{`x`svlt pY{`n @h~wOv a#rQs~@t ~̀tlWy n&`@yhQ a#wQ qEr~vl km y. 
prs~pr a#w~@w~ n&`yk~ (logic) @h~wO@k`t@gn mQs vQyEk~wyk~ nQs` @n`@vQ.    

 
a#rQs~@t ~̀tlWy gwQk@yn~ @vnw~ gwQkykt mRl pQr$ g#lWlQ@y`~ g#lWlQ 1642 qW mQygQy awr e~ vs@r~qWm 
ayQs#k~ nQvQtn~ ipqE@N~ y. nQvQtn~ nv cQn~wny iqRQrQyt m @gn gQ@y~ y. sRr~y`@l`~ky @q~qEnE p`tvlt 
@vn~krn a`k`ry ohE ig#n~vW y. klny pQLQb[ mRlQk q#nEm ohEt x`rw@yn~ l#bEN q, ohE e~ q#nEm nv 
cQn~wny pqnmQ kr gnQmQn~ vr~{ny kQrWmt uw~s`h gw~@w~ y. e@hw~ ey ymQ pmNkQn~ vEvw~ s`r~}kv 
itEkQrWmt qhnvv#nQ sQyvs vn @wk~ bl` sQtWmt bthQr gNQwyt sQqEvQy. sWm`v pQLQb[ v qhnvv#nQ 
sQyv@s~ gNQwZyn~ vQsQn~ krn lq vr~{n e~ s`r~}kw~vyt @h~wOvQy. e@hw~ wvmw~ ehQ adEp`dE wQ@bQ. e~ 
pQLQb[ nQsQ a{&ynykQn~ @w`rv e~ adEp`dEkmQ g#n kw`kQrWm nEsEqEsE y. ehQ q adEp`dEvlt @h~wOv n&`y mQs 
vQyEk~wy @n` @vQ.  
  
@mQ awr nv gYWk yE@qvQ kYQs~wQy`nQ cQn~wny os~@s~ InQy` k`r~mQk vQp~lvy q, {npwQ vQp~lvy q, pYAX 
vQp~lvy q sQqEvQNQ. k`r~mQk vQp~lv@y~ pqn@mQ a#w~@w~ m pq~{wQyk~ @k`ts~vlt k#dWmt h#kQbv h` e~ @k`ts~ 
ekQ@nkQn~ s~v`yw~w v kYQy` krn~@n~ y#yQ upkl~pny kQrWm y. @m ~̀tr~ r}yk~ @k`ts~vlt kdn~@n~w~ e~ ek~ 
ek~ @k`ts kYQy` vQrhQw vR vQt @h ~̀ ehQ ymQ adEvk~ sQqEvR vQt @h`~ e~ @vnEvt ev#nQ m vR @vnw~ @k`tsk~ 
svQkrn~@n~w~ pq~{wQyk~ ekQ@nkQn~ s~v`yw~w vR @k`ts~vlt k#dQy h#kQ y yn pqnm mw y. aq bthQryn~ 
XrWr@y~ @k`ts~ ivw~kr e~ sm`n @k`ts~ bq~{ krn~@n~ XrWry pq~{wQyk~ @ls @n`v @k`ts~vl ekwOvk~ 
@ls slkmQnQ. e~ nQvQ@t ~̀nQy y`n~wYQky, enmQ e~ cQn~wny, bthQr @@vq& vQq&`@vQ @y`q`g#@nn a`k`ry y.  
 
vQ@X~;@yn~ m nQvQtn~@gn~ psEv bthQr vQq&`Z@y ~̀ wmn~ krn~@n~ pvw~n` y}`r~}yk~, enmQ @qvQyn~ 
vhn~@s~@g~ m#vWmk~, @w~r#mQ g#nWmk~ bv sQwwQ. nQvQtn~ e~ bv pYsQq~{Q@y~ m kQy` a#w. e@hw~ eyt @pr 
@k`pr~nQks~ q ev#nQ a`kl~pyk~ a#wQv sQtQy`t s#kyk~ wQbQy h#kQ @n` @vQ. @k`pr~nQks~ @mn~ m g#lWlQ@y ~̀ q 
a`gmQn~ k@w ~̀lQk vRh. k@w ~̀lQk @l`~ky sAyEk~w vQy. e@hw~ @k`pr~nQks~@g~ h` g#lWlQ@y ~̀@g~ @l ~̀ky vQyEk~w 
vQy. a@p~ in~qQyvlt @g`~cr @n`vRv q gYh vs~wO sRr~yy` vt` gmn~krn bv @k`pr~nQks~ vQyEk~wv vEv q 
vQX~v`s krn~nt a#w~@w~ @qvQyn~ vhn~@s~ @l ~̀ky e@ls nQr~m`Ny kr wQ@bn bv ohE a#qhR nQs` vQy yEwO 
y. psE k@lk ayQn~s~tyQn~ mhw~ gr~v@yn~ h` a`w~m vQX~v`s@yn~ kW kw`vk~ @mhQ qW s[hn~ kL yEwO y. 
sRr~ygYhNyk qW a`@l ~̀k@y~ n#mWm (bending of light) m#ngw~ vQq&`Zyn~t mEl qW l#bE@N~ ayQn~s~tyQn~ wm 

pYv`q@yn~ gNny kr wQbR ag@yn~ hrQ adk~ pmN y. ayQn~s~tyQn~ ehQ qW kQy` a#w~@w~ vQq&`Zyn~ m#ngw~ 
agy v#rqQ bvw~ @qvQyn~ vhn~@s~ @l ~̀ky mv` a#w~@w~ wm`@g~ pYv`qyt anEv bvw~ y! 
 
bthQr vQq&`@vQ InQy` y}`r~}y, e~ @w~r#mQ g#nWmt bthQr vQq&`Zyn~ krn uw~s`hy a`qQy aw~h#r q#mR vQgs 
apt a@p~ vQq&`vk~ @n` l#@byQ. a@p~ vQq&`v vQyEk~wQyt prQxv kQrW@mn~ @h`~ vQr#q~{`x`svlt v#rqQ @w~r#mQ 
qW@mn~ @h`~ @n` l#@byQ. a@p~ vQq&`vk~ lb`g#nWm ewrmQ srl ktyEw~wk~ @n` @vQ. ehQ qW ap sQAhl @b_q~{ 
cQn~wny, ehQ n&`y a`qQy h#q$rQy yEwO y. e@mn~ m ap bthQr nQr~m`Ny vW a#wQ q#nEm a@p~ cQn~wnyt 
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av@X ~̀;Ny krn~@n~ @k@s~ q yn~n q slk` b#lQy yEwO y. e~ awr a@p~ cQn~wny pqnmQ krmQn~ a@p~ pYv`q 
nQr~m`Ny kL yEwO y.          
 
{npwQ vQp~lv@yn~ sm`jy prm`NEkrNy vQy. enmQ mQnQsEn~ wv wvw~ ekQ@nk`@gn~ s~v`yw~w vW q#v#n~w 
yn~wYyk q#wQ @r`~q pmNk~ bvt pw~vQy. kr~m`n~w X`l` ynE mQnQs~ prm`NR ekt v#dkrn w#nk~ mQs 
s`mRhQkw~vyk~ a#wQ w#nk~ @n` vW y. ehQ kmQkr# s@h ~̀qrw~vyk~ @n` vW y. ew#n InQy` kmQkr# 
s@h ~̀qrw~vyk~ qEtE@v ~̀ k@w ~̀lQk cQn~wny mw pqnmQ vW s`mRhQkw~vyk~ g#n kw`kL m`k~s~v`qWhE y. pYAX 
vQp~lv@yn~ pEq~gly` sms~w@yn~ @hvw~ sm`j@yn~ s~v`{Wn @krQNQ. InQy` nQqhs, sm`nw~vy v#nQ sAkl~p 
p#nn#gO@N~w~ m`nv ayQwQv`sQkmQ h` mRlQk ayQwQv`sQkmQ pQLQb[ sAkl~p a#wQvR@y~w~ pEq~gly` wv wvw~ 
sm`j@yn~ h` rj@yn~ @vn~ krmQnQ. m`nv ayQwQv`sQkmQ h` mRlQk ayQwQv`sQkmQ pY{`n vX@yn~ m pRq~gly` 
r`j&@yn~ lb`gn~n` nQqhs smg b#[W a#w.  
 
aq a#mrQk`@vQ @mQ @vn~kQrWm wv qErtw~ @krW@gn yyQ. ehQ lQbrl~ p]yt avx& vn~@n~ a`N~dE@vQ blp$m 
wv wvw~ hWn kQrWmt y. bqE adEkQrWm InQy` @v@L[ @p`L b`{kvlQn~ @w`rv pvw~v`@gn y$m a`qQy r`j&y 
h` jnw`v @vn~kQrWm, enmQ pRq~hly` h#kQw`k~ sm`j@yn~ @vn~kQrWm mw pqnmQ @vyQ. e@hw~ @v@L[ @p`Lt 
e@s~ s~v`{Wnw~vyk~ lb`qEn~ vQt, uq`hrNyk~ @ls pEq~glyn~t wm avX&w` prQqQ b#AkO smg ktyEwOkQrWmt 
idqEn~ vQt sQqEvn~@n~ kOmk~ q yn~n q#n~ bthQr @l ~̀k@y~ pvwQn avp`w@yn~ m @w~r#mQ gw h#kQ y. vw~mn~ 
avp`w@yn~ g#lvWmt ymQwmQn~ vEvw~ h#kQy`vk~ l#@bn~@n~ wv wvw~ r`j&y a`r~}Qk@yn~ ivw~vW@mn~ 
@n`vn bv aq vn vQt p#h#qQlQ vW a#w. aq b#AkO mEq`g#nWmt akm#w~@wn~ vEv q m#qQhw~vWmt r`j&yt sQqE vW 
a#w. lQbrl~ p]y qQgt m bl@y~ sQtQ@y~ nmQ a#mrQk`@vQ a`r~}Qk ar~bEqy wvw~ ugYvWmt nQymQw v wQbENQ. 
 
 
mh`c`r~y nl]nmh`c`r~y nl]nmh`c`r~y nl]nmh`c`r~y nl]n\\ \\    q s]lq s]lq s]lq s]l\\ \\v`v`v`v` 


