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adEv#dQyk~ n#wQ iAgQrQsQy 
 

 
x`;`vk~ ynE sAs~k^wQyk~ wOL nQr~m`Ny @k@rn~nkQ. x`;`vk~ yn~n sAs~k^wQyk iw` v#qgw~ aAgyk~ vn 
nmEqE, smhrvQt v#qgw~ m aAgy vQy h#kQ nmEqE, ey sAs~k^wQ@yhQ aAgyk~ pmNkQ. x`;`v @mn~ m 
sAs~k^wQy q nQr~m`Ny @k@rn~@n~ mQnQsEn~ (mQnQs`) vQsQnQ. mQnQs` h` x`;`v, x`;`v h` sAs~k^wQy, 
sAs~k^wQy h` mQnQs` awr a#w~@w~ ckYWy sm|bn~{ y. e@s~ @qk b#gQn~ @n`@gn avX& nm| mQnQs`, x`;`v h` 
sAs~k^wQy ekt @gn e~v` awr a#wQ ckYWy sm|bn~{y g#n q a{&yny kL h#kQ y. eytw~ eh` @g`s~  
sAs~k^wQ@yhQ @vnw~ aAg vR sAgWwy, vQq&`v a`qQy q ekt @gn e~ sQyl~l awr a#wQ ckYWy sm|bn~{y g#n 
kw` kL h#kQ y. @m| sQyl~l ekQ@nkt b#[W a#w~@w~ cQn~wn@yn~ y. e@hw~ @myQn~ kQy#@vn~@n~ e~v` 
cQn~wny mw bl @n`p`n bv @n`@v|. cQn~wny q sAs~k^wQ@yhQ @vns~vWm| @h~wO@k`t@gn @vns~ @vyQ. 
x`;`v @vns~ vWm nQs` q cQn~wny q @vns~ @vyQ. x`;`v @vns~ kQrW@mn~ cQn~wny @vns~ kL h#kQ y. 
x`;`v pmNk~ @n`v sAgWwy v#nQ @vnw~ sAs~k^wQk`Agyk~ @vns~ kQrW@mn~ q cQn~wny @vns~ kL h#kQ y. 
e@hw~ @myQn~ kQy#@vn~@n~ e~ s$m @vnsk~ smg m cQn~wny @vns~vn bv @n`@v|. e@hw~ cQn~wn@yhQ 
@vns~vWmk~ smg sAs~k^wQy q ehQ vQvQ{ aAg q @vns~ @vyQ. bthQryn~t ckYWy sAkl~py @n`m#wQ b#vQn~ 
ovEhE s$m @qyk~ m ym| mRlQk @qykt u_nny krwQ. ckYWy sAkl~py e~k @r~KWy cQn~wnyk qk~nt @n`m#w. 
bthQryn~@g~ gYWk yE@qv| kYQs~wQy`nQ cQn~wny e~k @r~KWy @vyQ. eb#vQn~ e~ cQn~wn@yn~ b#[ENE ovEn~@g~ 
sAs~k^wQ@yhQ u_nQwv`qy qk~nt a#w. bthQryn~ mQnQs` x`;` nQr~mQwyk~ y#yQ pvsn vQt h` vQt|gn~s~tyQn~ 
vQq~vw` qr~Xny x`;`vt u_nny krn vQt bl p`n~@n~ @m| e~k @r~KWy cQn~wny h` u_nQwv`qy y.  
 
m`k~s~v`qWhE sAs~k^wQy a`r~}Qkyt u_nny kQrWmt uw~s`h kLh. e@hw~ ey kL @n`h#k~kkQ. sAs~k^wQy 
a`r~}Qk@yn~ ym| pmNkt wWrNy vn awr a`r~}Qky q ym| pmNkt sAs~k^wQ@yn~ wWrNy @vyQ. {npwQ 
a`r~}Qky cWn@y~ @h`~ @vnw~ rtk a#wQ @n`vW bthQr, vQ@X~;@yn~ m eAgln~w@y~ bQhQ vR@y~ a#yQ? sQyl~l 
qYv&yt u_nny kQrWmt pEr#qE vRvkO a@nk~ rtvl {npwQ kYmy bQhQvWm s[h` avX& vQ;ymRl ww~w~vy 
@n`p#vwQ bv kQynE a#w. e@hw~ @m| vQ;ymRl ww~w~vy ynE kOmk~ q? {npwQ pAwQyk bQhQvWm q? yE@r`~pWy 
v#dvsm| kYmy kd` v#tE@N~ a#yQ? @v@L[ pAwQyk~ bQhQ vR@y~ @k@s~ q? ehQ qW bthQr yE@qv| kYQs~wQy`nQ 
(k@w`~lQk @n`vn kYQs~wQy`nQ) sAs~k^wQy @k@s~ bl p$@v| q? bthQr vQq&`@v| h` w`]N@y~ ym| pYgwQyk~ 
@n`m#wQv {npwQ kYmy a#wQ vWmt idk~ n#w. {npwQ kYmy vQsQn~ bthQr vQq&`v h` w`]Ny bQhQ krnE 
l#bEv` @n`@v|. {npwQ kYmyt bthQr vQq&`v h` w`]Ny @mn~ m yE@qv| gYWk kYQs~wQy`nQ cQn~wny q avX& 
vQy. @l`~ky mQnQs` @vnE@vn~ mv` @h`~ m#vW @h`~ a#w yn~n h` mQnQs` s~vx`v {r~my`@g~ s~v`mQy` y yn 
sAkl~p @n`m#wQ v {npwQ kYmy bQhQvQy h#kQ @n`@v|. @m| sAkl~p ayw~vn~@n~ sAs~k^wQyt y. e~ sAkl~p 
yE@r`~p@y~ bQhQ vR@y~ {npwQ kYmy a`rm|x vWmt q @pr y. {npwQ kYmy vQsQn~ sRr`knE lbn~@n~ mQnQs~ XYmy 
pmNk~ @n`@v|. m`k~s~v`qyt hsEvn~@n~ @m| mQnQs~ XYmy sRr`k$m y. e@hw~ {npwQ kYmyt pLmE@vn~ m 
s~vx`v {r~my sRr`k$mt sQqE@vyQ. s~vx`v {r~my sRr`k$@mn~ @w`rv {npwQ kYmyt p#v#w~mk~ @n`m#w. 
{npwQ kYmy wOL prQsry sErFkWm sErAgn` kw`vk~ pmN y. gYWk yE@qv| kYQs~wQy`nQ cQn~wn a`{Qpw&y h` 
{npwQ kYmy wQ@bnw`k~ prQsry q s~vx`v {r~my q kYm@yn~ vQn`X @vyQ. 
                                                                                          
bthQryn~t s#mq`mw~ pYX~ny vW a#w~@w~ ymk~ @h`~ ymkO ynE wvw~ b`hQr q#ykQn~ @h ~̀ b`hQr aykO@gn~, 
enm| @vnw~ b`hQr q#yk~ @h`~ b`hQr aykO @h`~ mgQn~ @w~r#m| g#nWm y. nQv|tn~ pVQvry` vs~wOvk clQwy 
b`hQr bly mgQn~ @w~r#m| g#nWmt uw~s`h @k@L~ y. b`hQr blyk~  n#wQ vQt vs~wOvk~ ym| avs~}QwQ smEq~@q~X 
r`mEvkt s`@p~] v ek~@k`~ e~k`k`r v clny vn~@n~ y n#w~nm| nQX~cl v pvwQn~@n~ y y#yQ ohE kQy` 
sQtQ@y~ y. m`k~s~v`q@yhQ mQnQs` b`hQr a`r~}Qky vQsQn~ p`lny @k@rn sw~w~vykO bvt pw~@vyQ. l#k`n~ 
pVQvry` a`w~mWyw`v bQhQvWm pEq~glykO x`;`@v| sA@k~wvlt a#wOl~vWm smg sQqE vn~@n~ y#yQ kW@v| y. 
a`w~mWyw`v yn~@nhQ mm yn @w~r#m @vyQ. “mm” a#wQvn~@n~, n#w~nm| bQhQvn~@n~ @k@s~ q? a`w~mWyw`v 
x`;`v smg g#tg#sW@m| qW q sQqEvn~@n~ a`w~mWyw`v b`hQr ymkt x`r qWm y. b`hQr vR enm| pEq~gly`@gn~ 
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b`hQr vR x`;`vk~ n#w~nm| a`w~mWyw`vk~ n#w. @my vQk`ryk~ bv kOd` qr#vn~ g#n qn~@n`~ qnQwQ. kOd` 
qr#@v`~ x`;`vk~ kw` @n`krwQ. e@hw~ ovEn~t “mm” yn h#MWm n#w~ q? “mm” n#wQv ovEhE jWvw~vn~@n`~ 
q? “mm” h` mns a#wQvn~@n~ @k@s~ q yn pYX~nyt sQAhl @}rv`q @b_q~{ cQn~wny mw pqnm| vW @qn lq 
pQLQwOrk~ irQq` qQvyQn sAgYh@yhQ sQAhl @b_q~{ mns yn m#@yn~ pL vR lQpQ@yhQ s[hn~ @vyQ. ehQ b`hQr 
bl@v|g @h`~ bl @n`m#wQ awr ckYWy cQn~wny @vyQ.  
 
@m| sQyl~lt m @h~wOvk~ a#w. bthQryn~ ymk~ b`hQr @vnw~ @qyk~ os~@s~ @w~r#m| g#nWmt uw~s`h krn~@n~ 
ovEn~@g~ sAs~k^wWn~hQ h` cQn~wn@yhQ b`hQr yn~n nQwr m svQZ`nQk v h` avQZ`nQk v kQy#@vn~nk~ vn 
b#vQnQ. bthQr gYWk yE@qv| kYQs~wQy`nQ cQn~wn@yhQ sQyl~l mvnE l#bW a#w~@w~ b`hQr @qvQ @knkO vQsQnQ. sQyl~l 
sQqEvn~@n~ @m| b`hQr @qvQyn~ vhn~@s~@g~ k#m#w~w prQqQ y. mEl~ gYWk cQn~wn@yhQ e@ls @qvQyn~ vhn~@s~ 
@knkO n#wQ bv pVQykO kWmt id a#w. ey amEwO@vn~ kQvyEwO @n`@v|. @mhQ qW gYWk yE@qv| kYQs~wQy`nQ cQn~wny 
nmQn~ h#[Qn~@vnE@y~ ph@L`s~v#nQ sQyv@sn~ psEv bthQr yE@qv| cQn~wny, gYWk cQn~wny h` kYQs~wQy`nQ 
(k@w`~lQk @n`vn) cQn~wny mEsE vW nQr~m`Ny @kr#NE cQn~wnyt y. bthQr vQq&`v, {npwQ kYmy a`qQy 
@g`d n#MO@N~ e~ cQn~wny pqnm| kr gnQmQnQ. e~ cQn~wn@yhQ @qvQyn~ vhn~@s~t hQmQ vn~@n~ aq~vWwWy 
s~}`nykQ. @qvQyn~ vhn~@s~ pQLQb[ sAkl~py e~ cQn~wnyt l#@bn~@n~ yE@qv| cQn~wn@ynQ. yE@qv| @qvQyn~ 
vhn~@s~ @hvw~ @y@h`~v` @qvQyn~ vhn~@s~ wmn~ h#@rn~nt an~ sQyl~@lhQ m m#vEm|kr#v` y. e~ @qvQyn~ 
vhn~@s~ m#vE@n~ @k@s~ q#yQ kQsQ w#nk s[hn~ @n`@v|. e@hw~ an~ sQyl~l e~ b`hQr @qvQyn~ vhn~@s~ mw r[` 
pvwW. 
 
ayQs#k~ nQv|tn~, k`l~ m`k~s~, a#l~bt| ayQn~s~tyQn~, y#k~ l#k`n~ a`qW sQyU bthQr pVQvr# @m| cQn~wn@yhQ m 
sQy nQr~m`N kLh. eb#vQn~ ovEn~t @x_wQk vQq&`v, a`r~}Qk vQq&`v, @q~Xp`ln vQq&`v, m@n`~ vQX~@l;Ny 
a`qW vX@yn~ kOmn @]wYyk v#dkL q b`hQr bl@v|g, bl a`qQy pQLQb[ sAkl~p@yn~ mQqWmt @n`h#kQ vQy. 
bthQr @x_wQk vQq&`v, rs`yn vQq&`v, jWv vQq&`v a`qQ@yhQ pmNk~ @n`v sm`jyWy vQq&`vn~hQ h` m@n`~ 
vQX~@l~;N@yhQ q pqn@m| a#w~@w~ bthQr gYWk yE@qv| kYQs~wQy`nQ cQn~wny y. bthQr pVQvr#n~@gn~ a#w#mkO 
i[hQt e~ cQn~wn@yn~ k#dWmt uw~s`h @n`kL` @n`@v|. e@hw~ e~ s$m uw~s`hyk~ m as`r~}k v&`p^wQyk~ 
@ls avsn~ vQy. bthQryn~t e~ cQn~wn@yn~ k#dWm aphsE bv k~@v`n~tm| @x_wQk vQq&`@vhQ qW @h`[Qn~ m 
@pn~nEm| @krW a#w. bthQr pX~c`w~nRwnv`qy ynE k~@v`n~tm| @x_wQk vQq&`@v| @k ~̀pn~@h~gn~ ar~} vQvrNy 
h` e~ a`XYQw s`@p~]w`v`q os~@s~ bthQr i@lk~@tY`nQk vQp~lvy @w~r#m| g#nWmt @g`s~ as`r~}k vW a#wQ 
q#nEm| pq~{wQyk~ pmNkQ. e~ q#nEm| pq~{wQy q#ntmw~ yE@r`~p@y~ vQhQUvk~ bvt pw~ vW a#w. @b`r# vcn 
m`l`vk~ @y`q` gnQmQn~ @k@rn @m| vQhQUv k~@v`n~tm| @x_wQk vQq&`v a`psE s`@p~]w`v`qW @n`vn ar~} 
vQvrNyk~ kr` yw~ m @Kqv`ckyk~ bvt pw~vnE a#w.  
 
q#n~ apQ n#vww~ x`;`v h` sAs~k^wQy @vw ymE. a@p~ mRlQk pYX~ny vR@y~ o|n$m x`;`vkQn~ o|n$m @qyk~ 
pYk`X kL h#kQ q yn~n y. e~ pYX~nyt a@p~ pQLQwOr iw` p#h#qQlQv m n#w yn~n y. iAgQrQsQ@yn~ bEqE qhm 
@qsQy h#kQ @n`@v|. q~vQ@k`~tQk n&`y ik~m vR q, pYv`q @n`m#wQ vR q bEqE qhm q~vQ@k`~tQky wOL vr~{ny vR 
iAgQrQsQ@yn~ pYk`X kQrWmt gQy vh` m bEqE qhm q~vQ@k`~tQky wOL sQr@vyQ. bEqE qhm @n`v a#w#m| sQAhl v`k& 
h` vcn pv` iAgQrQsQ@yn~ pYk`X kL h#kQ @n`@v|. adEv#dQy v#nQ vcn @h`~ yn en gmn~ @gt @g`dv#qQl 
yn~n v#nQ v`k& @h ~̀ e~v`hQ a#wQ aqhs~ e~ s#tQ@yn~ m @gn h#r qk~vmQn~ iAgQrQsQ@yn~ pYk`X kL h#kQ 
@n`@v|. @mv#nQ vcn h` v`k& q~vQ@k`~tQk n&`yt hsE @n`@vyQ. q~vQ@k`~tQk n&`y wOL vr~{ny vW a#wQ 
x`;`vl vQr#q~{ ar~}yn~ @gn @qn vcn sm`s vW ekt pYk`X @n`@v|. adEv#dQy yn vcn@yhQ adE h` v#dQ 
yn vQr#q~{`r~} @gn @qn vcn @qkk~ ekt pYk`X @vyQ. iAgQrQsQ@yhQ @my kQy#@vn~@n~ more or less 
ynE@vnQ. enm| adE @h`~ v#dQ yn ar~}yk~ ehQ @vyQ. ehQ adEv#dQyk~ pYk`X @n`@vyQ. iAgQrQsQ@yn~ nQvn g#n 
@n`v bElw~vQtt adEv#dQy s#pyWm g#nvw~ kQv @n`h#kQ y. 
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q~vQ@k`~tQk n&`@yhQ  ymk~ ek~@k`~ adE y. n#w~nm| v#dQ y. ehQ m{&y b#h#r @vyQ. q~vQ@k`~tQk n&`y wOL 
adEv h` v#dQy ekt g#nWm v#rqQ y. eb#vQn~ e~ n&`y mw pqnm| vE x`;`vn~hQ e@ls ekt g#nWmk~ kQnm| 
ar#wkQn~ @h`~ pYk`X vn vcn wQbQy @n`h#kQ y. ev#nQ aqhs~ q~vQ@k`~tQk n&`y wOL prs~pr, vQsAv`q, 
vQr#q~{`x`s a`qW vX@yn~ h#[Qn~@vyQ. adEv#dQy s#pyWm yn~n q~vQ@k`~tQk n&`@yhQ prs~pryk~ @vyQ. yn en 
gmn~ @gt @g`d v#qQl yn~n yn v`k&y @c`m|s~kQ vQq~vw`Nn~@g~ v&`krN nWwQ rWwQvlt hsEvn~@n~ q yn~n 
pYX~nykQ. @mv#nQ x`;` pY@y`~g pQLQb[ g@v|;Nyk~ kQrWmt q#n~ k`ly p#mQN a#w. iAgQrQsQ x`;`v sQAhl 
x`;`vt vd` nQX~cQw x`;`vk~ vn~@n~ iAgQrQsQy e@ls q~vQ@k`~tQk n&`y wOL vr~{ny vW a#wQ b#vQnQ.  
 
e@hw~ k~@v`n~tm| @x_wQk vQq&`@v| a#wQ a#w#m| aqhs~ pYk`X kQrWmt ev#nQ nQX~cQw x`;` b`{`vk~ @vyQ. 
k~@v`n~tm| @x_wQk vQq&`@v| aAXOvkt ek~vr kQhQp w#nk pQhQtQy h#kQ y. e~ aAXOvkt ek~ nQX~cQw pQhQtWmk~ 
a#w~@w~ pQhQtWm q#n g#nWm s[h` m#nEmk~ kL avs~}`vk qW y. ok~s~fd| vQX~v vQq&`l@yhQ m`;l~, sQ@m`~n~, 
@pn~@r`~s~ h` @b`~mWs~tr~ yn vQq&`Zyn~ fQsQkl~ rQvQv| @ltr~s~ sMr`@vhQ 2003 vs@rhQ s@p~w#m|br~ ms pL 
kr a#wQ pr~@y~;N pwQYk`vk (Physical Review Letters, 91, 130401,) iw`m kOd` aAXOvlt pmNk~ 
@n`v rk~w`NEvk pmN vQX`lw~v@yn~ vE aAXOvkt q ek~vr @qw#nk pQhQtQy h#kQ kYmyk~ g#n s[hn~ 
krwQ. @m| pQLQb[ @ktQ vQs~wryk~ 2003 ok~@w ~̀m|br~ ms mEl~ swQ@yhQ @n~cr~ sMr`@vhQ pL @krW a#w. @m| 
pYwQPlvlQn~ bthQr @x_wQk vQq&`Zyn~t pYX~n a#wQ vQy yEwO @vyQ. aAXOvk~ ynE kOmk~ q yn pYX~ny m pY{`n 
pYX~nyk~ @ls bthQr vQq&`@v| p#n n#gQy yEwO nmEqE, @m| smg q~vQ@k`~tQk n&`y pQLQb[ pYX~n a#wQ vQy yEwO 
nmEqE gYWk yE@qv| kYQs~wQy`nQ cQn~wny wOL sQr vW sQtQn bthQr vQq&`Zyn~ sEpEr#qE prQqQ pYX~ny yt gsnE 
bl`@p`@r`w~wO vQy h#kQ y.   
 
mh`c`r~y nlQn~ q sQl~v` 
 
 
 
 


