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cEmQbk h` mns~ 
 

 
rQk~wyk cEmQbkyk~ nQrW]Ny kQrWmt @n`h#kQ vEvw~ bthQr @x_wQQk vQq&`Z@y`~ rQk~wyk  cEmQbkyk gON 
g#n kw`krwQ. ovEn~ e@s~ krn~@n~ iw`mw~ vQyEk~w a`k`rykt y. ehQ qW ovEn~ kQyn~@n~ cEmQbkyk~ 
h#@rn~nt @vnw~ kQsQvk~ n#wQ avk`Xyk cEmQbkyk gON @mQ @mQ a`k`r@yn~ @vQy yn~n y. e~ gON rQk~wyk 
vR cEmQbkyk gON y#yQ ovEhE ar~} qk~vwQ. e@hw~ rQk~wyk cEmWbkyk gON g#n kWm anEvNkmk~ h` kL 
@n`h#kQ vRvk~ bv ovEhE amwk krwQ. e~ klQn~ kW a`k`ryt cEmQbkyk~ wQbR s#NQn~ @h`~ nQrW]kykO sQtQ 
pmNQn~ rQk~wy n#wQvn b#vQnQ.  
 
rQk~wyk cEmQbkyk gON ynE cEmQbky h#@rn~nt @vnw~ kQsQvk~ n#wQ w#nk qW cEmQbkyt a#wQ gON y#yQ 
sQwmE. e@hw~ ehQ qW q e~ gON a#wQ bv q#ngnE lbn~@n~ nQrW]kykO vQsQn~ pmNk~ @n` @vyQ. ehQ qW bthQr 
@x_wQk vQq&`Zy` kOd` cEmQbk, ykd kOdE a`qW @vnw~ qYv& q @y`q` gnQyQ. @mQ qYv&vlQn~ avk`Xy wv 
qErtw~ rQk~wyk gONvlQn~ @vns~krn bv amEwO@vn~ kQvyEwO @n` @vyQ. e@s~ nmQ ehQ qW bthQr @x_wQk 
vQq&`Zy` krn~@n~ kOmk~ q yn~n p#h#qQlQv q#ngw yEwO y.  
 
bthQr @x_wQk vQq&`Zyn~ upkl~pny krn~@n~ ev#nQ kOd` cEmQbk, ykd kOdE v#nQ qYv&yn~@gn~ h#q$rWmt 
lk~vk cEmQbk@y~ gON @vns~ @n`vn bv y. @mQ kOd` cEmQbkvlt ovEhE prW]N aAXO (test particles) yn 
nm v&vh`r krwQ. e~ prW]N aAXO h#q$rWmt lk~@k@rn cEmQbky h` s#s[W@mQ qW iw` kOd` b#vQn~ e~ 
aAXOvlQn~ mEl~ cEmQbk@y~ cEmQbk @]wYyt s$lkQy yEwO an~q@mQ @vnsk~ @n`@k@rn bv ehQ qW upkl~pny 
@vyQ. e@s~ upkl~pny @kr#N q  emgQn~ InQy` rQk~wyk (cEmQbky h#@rn~nt @vnw~ kQsQvk~ n#wQ) 
cEmQbkyk gON g#n kQvh#k~@k~ e~ nQrW]N sWm`v q ik~mv` vWyEk~w v prW]N aAXO n#w#yQ s#lkW@mnQ. 
e@s~w~ n#w@h`w~ prW]N aAXOvl vQX`lw~v h` @vnw~ gON XSn& kr` yn sWm`@vQ qW y.  
 
ehQ qW @k@rn a@nk~ upkl~pny nmQ nQrW]ky`@gn~ mEl~ cEmQbk@y~ cEmQbk @]wYyt @vnsk~ sQqE @n`vn 
bv y. nQrW]ky` s`m`n& vQq&`ZykO nmQ ohEt cEmQbk gON @n`m#wQ bv amEwO@vn~ kQvyEwO @n` @vQ. e@hw~ 
ohE @vnw~ kOd` cEmQbk, kOd` ykd vs~wO a`qQy prW]N`g`ryt rF@gn @n`y` yEwO y. e@s~ rF@gn gQy@h`w~ 
mEl~ cEmQbk@y~ cEmQbk @]wYy @vns~ @vyQ.  
 
@mQ sQyl~@ln~ psEv bthQr @x_wQk vQq&`Z@y`~ wmn~ lb`gn~n` nQrW]N a#sE@rn~ InQy` rQk~wyk a#wQ 
cEmQbkyk gON @mQ @mQ a`kr@y~ y#yQ kQywQ. ovEn~t e@s~ kQrWmt h#kQ vW wQ@bn~@n~ s`m`n&@yn~ cEmQbkyk 
gON InQy` rQk~wyk @h`~ @vnw~ w#nk @h`~ k`l@yn~ k`lyt, pQhQtW@mn~ pQhQtWmt @vns~ @n`vWm @h~wO@vn~ 
y. aq @mw$n wQbW @ht eAgln~w@y~ vQX~vvQq&`lykt @gny$@mn~ cEmQbkyk gON @vns~ @n` @vQ y#yQ 
upkl~pny @k@ryQ. @vnw~ vcnvlQn~ kQv@h`w~ vQyEk~w cEmQbkyk p#v#w~mk~ ehQ qW upkl~~pny @k@rn 
awr e~ vQyEk~w cEmQbk@yhQ gON k`l@yn~ h` @q~X@yn~ s~v`yw~w y#yQ upkl~pny krnE l#@byQ.   
 
g#lWlQ@y`~ vQq~vw` vQsQn~ sQqEkrn lq~@q~ y#yQ kQy#@vn a#L@vn kOU@N~ prW]N@yhQ q @mv#nQ upkl~pn 
q#kQy h#kQ y. ehQ qW q pWs` nEvr asl rQk~wyk~ nQr~m`Ny @n` @krQNQ. e@mn~ m awhrQn lq vs~wO vQsQn~ 
p^}QvQ@y~ gOr#w~v`kr~;Nyt (gOr#w~v`kr~;N @]wYyt -  g#lWlQ@y`~ vQq~vw`@g~ k`l@yhQ  gOr#w~v`kr~;N 
@]wYy ynE@vn~ sAkl~pyk~ @n` vW y.) blp$mk~ @n`@k@rn bv q upkl~pny @krQNQ. epmNk~ @n`v, 
a#L@vn kOUN asL rFs~v sQtQ pQrQs@gn~ mEq`hrQnE l#bR vs~wOvlt vR gOr#w~v`kr~;N blp$m @p`@L`v 
vQsQn~ e~ vs~wO mw a#wQ@k@rn gOr#w~v`kr~;N blp$m smg sAsn~qny kQrW@mQ qW @n`gQNQy h#kQ bv q 
upkl~pny @krQNQ. e~ avs`n upkl~pny v#n~nk~ cEmQbk smQbn~{@yn~ @n` @krQNQ.  
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pWs` nEvr sQqEk@L~ y#yQ kQy#@vn prW]NvlqW @kr#@N~ @p`@L`v a`sn~n@y~ qW sQyU vs~wO rQk~wyk ekm 
w~vrNykQn~ @p`@L`v qQX`vt a#@qn bv @pn~vWmt w#w~kQrWm y. g#lWlQ@y`~ vQq~vw`@g~ k`l@y~ qW 
gOr#w~v`kr~;Ny nmQ sAkl~py bthQr rtvl sRwYgwkr @n`wQbR bv a#w~w y. e@hw~ nQvQtn~ vQq~vw`t 
gOr#w~v`kr~;N sAkl~py bthQr @l`~kyt h[En~v`qW@mQ qW ihw s[hn~ prW]N pYwQPl h` upkl~pn avX& 
vQy. nQvQtn~ vQq~vw`@gn~ psEv bthQr @l`~k@y~ vs~wO @p`@L`v vQsQn~ a#wQkrn lq gOr#w~v`kr~;Nyt 
x`jny vR@y~ e~ vs~wO vQsQn~ @p@L`v mw a#wQ@k@rn~@n~ y#yQ kQyn lq gOr#w~v`kr~;N w~vrNy @n`slk` 
hrQn psEbQmk y. @mhQ qW  @kr#@N~ a@nk~ aAXO mw gOr#w~v`kr~;N w~vrNy nmQ gONy a#wQkrn vQyEk~w 
@p`@L`vk~ nQr~m`Ny vWm y. e@mn~ m e~ vQyEk~w @p`@L`@vQ gOr#w~v`kr~;N gONy k`l@yn~ k`lyt, 
avk`X@y~ @p`@L`v pQhQtQ pY@q~X@yn~ pY@q~Xyt @vns~ @n`vn~@n~ y#yQ q upkl~pny @krQNQ.     
 
@mQ kr#NE nQvQ@t`~nWy sEsm`qr~X@yhQ adAgO q$ @vyQ. ehQ qEr~vlkmQ h` adEp`dE r`XQyk~ wQbEN q, 
s`m`n&@yn~ nQvQ@t`~nWy @x_wQk vQq&`@vhQ pYv`q nQr~m`Ny kQrWmt e~ @y`q`gnE l#@byQ. e@mn~ m e~ pYv`q 
os~@s~ w`]Nyk~ q @g`dn#gW a#wQ bv q,  e~ w`]Ny  mQnQsEn~@g~ jWvQw @vns~kQrWmt @h~wO vW a#wQ bv q 
pQLQgw yEwO y. e@hw~ eyQn~ kQy#@vn~@n~ e~ pYv`q sw& bvvw~, nQvQ@t`~nWy sEsm`qr~Xy nQv#rqQ bvvw~ @n` 
@vyQ. nQvQ@t`~nWy sEsm`qr~X@yhQ bQhQ vE v#qgw~ m pYv`qy vR nQvQ@t`~nWy gOr#w~v`kr~;N pYv`qy @b`r#vk~ 
bvw~ e@hw~ in~ v#dgwh#kQ bvw~ a@p~ pYv`q kQyvn~@n`~ qnQwQ.  
 
ap klQn~ q kQy` a#w~@w~ nQvQ@t`~nWy @x_wQk vQq&`@vhQ qW nQvQ@t`~nWy sEsm`qr~Xy ymQ s`r~}kw~vyk~ 
aw~kr@gn a#wQ nmEw~ in~ obQbt ynvWt ehQ s`r~}kw~vy adEvn bv y. s`hQw&@yhQ qW h` kl`vn~hQ qW @my 
as`{& ww~vykt pw~@vyQ. nQvQ@t`~nWy @x_wQk vQq&`@vhQ ihw qk~vn lq a`k`r@yn~ vQyEk~w cEmQbk g#n 
kw`kL h#kQ y. e@s~ m e~ vQyEk~w cEmQbk ekQ@nkt gON`w~mk v sm`n @vyQ. e~ asm`n vn~@n~ 
pYm`N`w~mkv y. vd` pYbl cEmQbkykQn~ qEbl cEmQbkykt vd` vQX`l blyk~ (a`kr~;Nyk~  @h`~ 
vQkr~;Nyk~ @h`~) a#wQ @k@ryQ.  
 
e@hw~ mQnQs~ h#sQrWmQvl qW apt vQyEk~w mQnQskO nQr~m`Ny kQrWmt @n` h#kQ@vyQ. mQnQsEn~ awr ymQ ymQ 
sm`nkmQ n#wQv` @n` @vyQ. e@hw~ mQnQsEn~@g~ h#sQrWmQ vQcQ{ @vyQ. e@mn~ m mQnQs~ mns ynE@vn~ vQyEk~w 
sQyU @qn`t @p`qE vR @qyk~ n#w. klQn~ s[hn~kr a#wQ prQqQ mn@s~ s~vx`vy m @vns~vWm y. e~ e~ mQnQs`@g~ 
mns a@nk~ mQnQsEn~@g~ mns~vlQn~ @vns~ vnv` pmNk~ @n`v avs~}`@vn~ avs~}`vt e~ e~ mQnQs`@g~ mns q 
@vns~ @vyQ. ymkO aq h#sQ@rn an~qm a{&yny kr e~ w#n#w~w` an`gw@y~ qW h#sQ@rn an~qm mEUmnQn~ m 
kQvh#kQ @n` @vyQ. 
 
nQvQ@t`~nWy cEmQbkyk~ e@s~ @n` @vyQ. cEmQbky aq h#sQ@rn a`k`ryt m wv avEr#qE qhskt psEv q 
h#sQ@rnE a#w. nQvQ@t`~nWy sEsm`qr~Xy @y`q`gw @n`h#kQ k~@v`n~tmQ @x_wQk@yhQ qW q @my wrmk~ 
@vns~vn bv klQn~ s[hn~@krW a#w. ehQ qW mQnEmkt @pr ymQkQsQ gwQk vQcl&yk~ kQnmQ agyk~ gn~@n~ q#yQ 
nQX~cQwv kQvh#kQ @n` @vyQ. aAXOvk gm&w`v m#nWmt @pr apt kQvh#k~@k~ eyt asvl~ agy g#nWmt 
asvl~ smQx`vQw`vk~ a#w yn~n pmN y. mns k~@v`n~tmQ aAxOvkt q vd` @vns~vn~@n~ e~ pQLQb[ an`v#kQ 
kWm vd`w~ asWr# ktyEw~wk~ vn b#vQnQ.  e@s~ nmQ ymQ pEq~glykO @qn lq avs~}`vk qW @k@s~ h#sQ@r~ q#yQ 
kl~ wb` kQyn~@n~ @k@s~ q?     
 
ap x`vQw`krn @yqEmQ kQhQpyk~ @mhQ qW slk` blmE. ymkO@g~ hQw @vns~ vW a#w#yQ apQ kQymE. e@s~w~ n#w~nmQ 
apQ kQsQvkOt hQw hq`g#nWmt up@qs~ @qmE. cEmQbkyk~ smQbn~{@yn~ apt ev#n~nk~ kL @n` h#kQ y. 
cEmQbkykt @vns~ a`k`rykQn~ h#sQ@rn~nt y#yQ apt kQvh#kQ @n` @vyQ. a#w#mQ avs~}`vl asvl` apt 
e@s~ kr`cQq#yQ sQhQ@nn~vw~ @n`sQwO bv apQ kQymE. in~ kQy#@vn~@n~ kOmk~ q? ap ymQ pEq~glykO g#n ymQ 
cQwYyk~ mv`@gn wQbR nmEw~ e~ pEq~gly` e~ cQwYyt pth#NQ v h#sQrW a#wQ bvw~ y. @vnw~ vcnvlQn~ kQyn~@n~ 
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nmQ pEq~gl@y`~ sAgw a`k`rykt @n` h#sQ@rwQ. @mQ sAgw bv n#wQvQt e~ e~ crQw vQX~v`snWy an~qmkt 
h#sQ@rn~@n~ n#w#yQ apt kQvh#kQ q?    
 
cEmQbkyk gON @vns~ @n` @vyQ. @myQn~ kQy#@vn~@n~ cEmQbky @vns~ @n`vn bv @n` @vyQ. cEmQbky 
nQrn~~wr@yn~ @vns~ @vyQ. ey nQr~m`Ny vW a#wQ aAXO nQwr clny @vyQ. e@hw~ ey vQsQn~ @l`~h k#blQ 
a`kr~;Ny @k@ryQ. cEmQbkyk~ a#w#mQ qQnk @l`~h k#blQ vQkr~;Ny @n`krn bv apQ qnQmE. e@hw~ mQnQs~sE 
e@s~ @n` @vwQ. iw` @h`[ mQwO@r`~ swO@r`~ @vwQ. e~ ekm avs~}`vk @n` @vQ y#yQ kQsQvkOt kQvh#kQ y. 
avs~}`vn~ @vns~ vn vQt mQwOrn~ swOrn~ vQy h#kQ y#yQ ymkO wr~k krnv` vQy h#kQ y. ap @pn~nEmQkQrWmt 
w#w~krn~@n~ q eym y. avs~}` @vns~vn vQt mQnQsEn~@g~ h#sQrWmQ @vns~ @vyQ. pEq~gl`n~wr smQbn~{kmQ 
@vns~ @vyQ.  
 
vQvQ{ s`hQw& k^wQ nQr~m`Ny vn~@n~ m mns~vl a#wQ vQvQ{w~vy nQs` pmNk~ @n`v ekm pEq~hlykO@g~ vEv q 
mns pE@r`~k}ny kL @n`h#kQ a`k`rykQn~ @vns~vn b#vQnQ. sAgw bv pE@r`~k}ny smg b#[W a#w. mns 
sAgw nmQ s$mvQt m a@p~]Qw a`k`rykQn~ h#sQ@rnE a#w. e@hw~ mns an@p~]Qw a`k`r@yn~ q kYQy`kryQ. 
e@s~ wQbQy qW ap mn@shQ sAgw bv g#n kw`krn~@n~ @k@s~ q? nvkw`vk @h`~ cQwYptQyk @h`~ crQw 
as~v`x`vQk y#yQ kW@m~ qW @mQ asAgw bv s#lkQl~lt g#@nyQ. nvkw`vl crQw sAgw a`k`rykQn~ 
h#sQ@rn~@n~ nmQ apt nvkw` s`hQw&yk~ avX& @n` @vyQ.  apt avX& vn~@n~ e~ e~ crQw h#sQ@rn~@n~ 
@k@s~ q yn~n pQLQb[ mRlQk pYv`qy pmN y. evQt apt sQyl~l e~ pYv`qy a#sE@rn~ a@p`~hny (nQgmny -  
deduce)  krgw h#kQ y. e~ e@s~ vRv` nmQ nvkw` @n`v kw` q bQhQ@n`vn~nt wQbQNQ. ap kw`vk~ asn 
vQt bl` sQtQn~@n~ ILMt sQqEvn~@n~ kOmk~ q#yQ q#ng#nWmt y. e~ kOwOhly apt a#wQvn~@n~ m crQw asAgw 
v kYQy`krn b#vQn~ y. crQw sAgwv kYQy`krn~@n~ nmQ apt kl~ a#wQv m  sQqEvn~@n~ kOmk~ q#yQ kQvh#kQ y.  
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