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H on©ms nts sgYs Y onrr©akd l©m©lYk rdss©mf sn qdYk©yd J©sYdu"r oqnonrYk ne Y Snonknf©bYk PtYmstl
BnlotsYs©nm vg©bg nfldqr snonknf©bYk oqnsdbs©nm eqnl cdbngdqdmbd bntkc ©m oq©mb©okd ad qdYk©ydc
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AqY©cdc LYinqYmY pta©sr ©lokdldms Y Fdms©kd/sxod oYqYrsYs©rs©br v©sg Ys lnrs r � z dwb©sdc
rsYsdr YbbnllncYsdc ©m Y ltks©oYqs©bkd rdbsnq -sgd ©msdfdq r + 1. 2. 3. ϑ ϑ ϑ kYadkr ptYmstl fqnto
qdor Ys qnnsr ne tm©sx(� Hs ©r Yqftdc sgYs aqY©cdc LYinqYmY pta©sr bntkc okYx: enq snonknf©bYk
ptYmstl bnlotsdqr: sgd rYld qnkd Yr rsYmcYqc a©sr enq nqc©mYqx bnlotsdqr Ymc Yr pta©sr enq
”nqc©mYqx; ptYmstl bnlotsdqr�

Oqnbddcffmfr ne sgd Bnqet Rtlldq Hmrsffstsd 1912 )Rbgnnk Xmc Vnqhrgnor nm DkdldmsXqx OXqsffbkd Ogxrffbr
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z� Hmsqnctbs)nm

Nmd ne sgd eYrb©mYs©mf YqdYr ne qdrdYqbg ©r aYrdc nm sgd J©sYdu"r oqnonrYk )z[ -rdd Ykrn )1: 2[(
sn trd dldqfdms LYinqYmY oYqs©bkdr sn dmbncd sgd oqnodqs©dr ne Y snonknf©bYk ptYmstl bnlotsYs©nm
vg©bg nfldqr snonknf©bYk oqnsdbs©nm tmcdq ptYmstl cdbngdqdmbd� Sgd knf©b ne snonknf©bYk ptYmstl
bnlotsYs©nm v©sg LYinqYmY edql©nmr gYr addm ©mudrs©fYsdc ©m )3[ Ymc sgdnqds©bYk lncdkr gYud addm
oqnonrdc: rdd d�f� sgd ”E©anmYbb© oYqs©bkdr; oqdrdmsdc ©m )4[� Sgd qdbdms L©bqnrnes"r Ymmntmbdldms
)5[ ne sgd ’qrs ptYmstl bg©o onvdqdc ax Y snonknf©bYk Yqbg©sdbstqd on©msr snvYqcr Y oqYbs©bYk
©lokdldmsYs©nm ne sgd J©sYdu"r oqnonrYk -rdd sgd )6[ qnYclYo sn eYtks snkdqYms ptYmstl bnlotsYs©nm
Ymc )7: 8[ enq sgd oqnctbs©nm ne cdu©bdr Ycl©ss©mf Y snonknf©bYk ogYrd v©sg LYinqYmY ydqn/lncdr(�

.mxnm©b aqY©c rsYs©rs©br bYm nmkx Yookx sn dldqfdms oYqs©bkdr k©u©mf ©m 1 roYbd c©ldmr©nmr�
Hm nqcdq sn etk’kk J©sYdu"r oqnfqYl Y ogxr©bYk lncdk rgntkc rYs©rex sgd enkknv©mf sgqdd bnmc©s©nmr0

ff( Ys sgd sgdnqds©bYk kdudk ©s rgntkc ad Yakd sn YbbnllncYsd Y aqY©c rsYs©rs©br:
ffff( Ykrn Ys sgdnqds©bYk kdudk: ©s rgntkc ad Yakd sn dmbncd sgd knf©b nodqYs©nmr ne snonknf©bYk ptYmstl
bnlotsYs©nm Ymc: ’mYkkx:
ffffff( ©s rgntkc ad qdoqnctbdc nm Y ogxr©bYk ldc©Y?cdu©bd: itrs k©hd nqc©mYqx bg©or -nq: ©m sgd nkc cYxr:
sqYmr©rsnqr( dmbncd sgd AnnkdYm knf©b nodqYs©nmr�

. qdkduYms ptdrs©nm vg©bg bntkc ad Yccqdrrdc ©r sgd enkknv©mf0 vg©bg ©r sgd l©m©lYk sgdnqds©bYk
rdss©mf enq qdYk©y©mf sgd oqnfqYl ne Y Snonknf©bYk PtYmstl BnlotsYs©nm -SPB enq rgnqs(“
Sn f©ud odqrodbs©ud: ©s lYhdr rdmrd sn Yccqdrr sg©r ptdrs©nm v©sg©m Y aqnYcdq o©bstqd: otss©mf ©s ©m
bnloYq©rnm v©sg rsYmcYqc bnlotsdqr Ymc ”nqc©mYqx; ptYmstl bnlotsdqr -gdqd: ”nqc©mYqx; rsYmcr
enq mns snonknf©bYkkx oqnsdbsdc(� Vd hmnv sgYs

⊗ rsYmcYqc bnlotsdqr lYm©otkYsd a©sr ne ©menqlYs©nm u©Y AnnkdYm knf©b fYsdr: vg©kd
⊗ vgYs bYm ad bYkkdc sgd ”nqc©mYqx ptYmstl bnlotsdqr; nodqYsd Ys sgd kdudk ne pta©sr: bnmr©cdqdc
Yr sgd l©m©lYk at©kc©mf aknbhr� Mnm/l©m©lYk rdss©mfr aYrdc: ©mrsdYc ne 1/rsYsd pta©sr: nm ptsq©r
Ymc lnqd fdmdqYk ptc©sr -rdd: d�f�: )z9[( Yqd Ykrn onrr©akd, sgdx qdbd©udc: mdudqsgdkdrr: ltbg kdrr
Yssdms©nm enq sgd nau©ntr qdYrnm sgYs ©s ©r ltbg dYr©dq sn odqenql sgd aYr©b ptYmstl nodqYs©nmr nm
”l©m©lYk pta©sr;�

Sgd Yanud ptdrs©nm bYm sgdqdenqd ad qdogqYrdc Yr0 vg©bg ©r sgd YmYknfntr: enq Snonknf©bYk
PtYmstl BnlotsYs©nm: ne nqc©mYqx a©sr enq AnnkdYm knf©b Ymc ne pta©sr enq nodqYs©nmr odqenqldc
ax ptYmstl bnlotsdqr“

.r Y onrr©akd bYmc©cYsd: sgd l©m©lYk at©kc©mf aknbhr bntkc ad qdYk©ydc ax -aqY©cdc( LYinqYmY
pta©sr vg©bg rYs©rex sgd Yanud bnmc©s©nm ff(� LYinqYmY pta©sr Ymc sgd©q aqY©c©mf -aYrdc nm sgd )zz[
P/lYsq©w ne sgd .kdwYmcdq/BnmvYx onkxmnl©Yk ©m sgd k©mdYq bqxrsYk qdo nm dwsdq©nq YkfdaqY( vdqd
©msqnctbdc ©m )z1[ -enq Y rgnqs oqdrdmsYs©nm: nmd bYm rdd )z2[(� AqY©cdc LYinqYmY pta©sr ©lokdldms
Y Fdms©kd/sxod oYqYrsYs©rs©br )z3[ v©sg Ys lnrs r � z dwb©sdc rsYsdr YbbnllncYsdc ©m Y ltks©oYqs©bkd
rdbsnq -enq Ym ©msdfdq r + 1. 2. 3. ϑ ϑ ϑ vg©bg kYadkr ptYmstl fqnto qdor Ys qnnsr ne tm©sx: v©sg sgd
r + 1 bYrd bnqqdronmc©mf sn nqc©mYqx edql©nmr sqYmrenql©mf tmcdq sgd odqltsYs©nm fqnto(� .
r©fm©’bYms edYstqd ne aqY©cdc LYinqYmY pta©sr ©r sgYs sgdx Yqd cdrbq©adc )z4[ ax mdv lYsgdlYs©bYk
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rsqtbstqdr -k©hd Y fdmdqYk©yYs©nm ne Unkffbgdmhn XkfdaqXr: lnqd nm sgYs adknv( vg©bg gYud xds sn ad
etkkx ©mudrs©fYsdc�

AqY©cdc LYinqYmY pta©sr rYs©rex: enq sgd aqY©c rsYs©rs©br: sgd l©m©lYk©sx bq©sdq©tl vg©bg Yook©dr
sn a©sr Ymc nqc©mYqx pta©sr� Sgdx Yqd sgdqdenqd Y mYstqYk okYxfqntmc sn ots sn sdrs ©cdYr Ymc c©fldqdms
lYsgdlYs©bYk eqYldvnqhr sn ad Yook©dc sn sgd aqY©c rsYs©rs©br ne ptYmstl lncdkr� AqY©cdc LYinqYmY
pta©sr oYrr sgd e( bnmc©s©nm� Nmd ne sgd otqonrdr ne sg©r oYodq ©r sn cqYv sgd Yssdms©nm sn sg©r mnudk
l©m©lYk ogxr©bYk lncdk ©m nqcdq sn rsYqs Yccqdrr©mf ©sr oqnodqs©dr bnmbdqm©mf sgd bnmc©s©nmr ffff( Ymc
ffffff( ldms©nmdc adenqd�

Sg©r oYodq oqdrdmsr ©m Y bnmb©rd Ymc tm©’dc eqYldvnqh sgd sgqdd lYsgdlYs©bYk rsqtbstqdr sgYs
Yqd hmnvm sn cdrbq©ad sgd aqY©cdc LYinqYmY pta©sr� Hs ©r aYrdc nm )z1[ Ymc sgd mdv qdrtksr ©m )z4[�
Sgd sgqdd lYsgdlYs©bYk rsqtbstqdr tmcdq bnmr©cdqYs©nm Yqd0
⊗ sgd aqY©c©mf ©mctbdc ax Y fqYcdc Gnoe YkfdaqY dmcnvdc v©sg Y aqY©cdc sdmrnq oqnctbs:
⊗ sgd -rtodqrdkdbsdc( qdor ne sgd ptYmstl rtodqYkfdaqY Hn �lqo�z⟩1(( sqtmbYsdc Ys qnnsr ne tm©sx:
⊗ sgd fdmdqYk©yYs©nm ne Unkffbgdmhn XkfdaqXr ©mctb©mf ”l©wdc/aqYbhds; -©�d�: ©msdqonkYs©mf nqc©mYqx
bnlltsYsnqr?Yms©bnlltsYsnqr( Gd©rdmadqf/K©d YkfdaqYr�

Hm nqcdq sn enbtr nm sgd lY©m ©cdYr: sg©r oYodq ©kktrsqYsdr sgd lY©m qdrtksr ax rh©oo©mf sgd
cdlnmrsqYs©nmr oqdrdmsdc ©m sgd qdedqdmbdr b©sdc ©m sgd sdws� Sgd oYodq ©r rsqtbstqdc Yr enkknvr0
Rdbs©nm 1 ©msqnctbdr sgd mns©nm ne Y I1/fqYcdc LYinqYmY pta©s: vg©kd sgd sgqdd lYsgdlYs©bYk
rsqtbstqdr cd’m©mf sgd aqY©c©mf Yqd qdrodbs©udkx oqdrdmsdc ©m Rdbs©nmr 2: 3 Ymc 4� Etqsgdq bnlldmsr
-Yants sgd mdv lYsgdlYs©bYk rsqtbstqdr cdrbq©a©mf aqY©cdc LYinqYmY pta©sr: sgd l©m©lYk rdss©mf
Ymc sgd onrr©akd Yook©bYs©nm sn sgd knf©b ne snonknf©bYk ptYmstl bnlotsYs©nm( v©kk ad f©udm ©m sgd
Bnmbktr©nmr�

1� I1“fqZcdc LZinqZmZ pta)sr

. I1/fqYcdc LYinqYmY pta©s bnqqdronmcr )z1[ sn Y anrnm©b uYbttl rsYsd ⟩9} Ymc Y edql©nm©b
dwb©sdc rsYsd ⟩z}0

⟩9} +
)
z
9

(
. ⟩z} +

)
9
z

(
ϑ -z(

Sgd enkknv©mf nodqYsnqr: Ybs©mf nm sgd I1/fqYcdc pta©s: bknrd sgd K©d rtodqYkfdaqY �h�z⟩z( )z5[0

� +

)
z 9
9 9

(
. α +

)
9 z
9 9

(
. β +

)
9 9
z 9

(
. γ +

)
9 9
9 z

(
ϑ -1(

Sgd cd’m©mf aqYbhdsr: f©udm ax -Yms©(bnlltsYsnqr: Yqd

)�. α[ + α. )�. β[ + �β. )�. γ[ + 9. )γ. α[ + �α. )γ. β[ + β.

Uα. α{ + Uβ. β{ + 9. Uα. β{ + � � γϑ -2(

Sgd c©YfnmYk nodqYsnqr �. γ Yqd dudm: vg©kd α. β Yqd ncc -β ad©mf sgd edql©nm©b bqdYs©nm nodqYsnq(�
Sgd I1/fqYc©mf ©r f©udm ax

�h�z⟩z( + �h�z⟩z()9[ ∓ �h�z⟩z()z[. v©sg �. γ ∞ �h�z⟩z()9[ Ymc α. β ∞ �h�z⟩z()z[ϑ -3(
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Sgd Ycl©rr©akd mnmuYm©rg©mf dmsq©dr ne sgd dudm?ncc�h�z⟩z( fdmdqYsnqr Yqd dwoqdrrdc ax sgd ”×; rxl/
ank dmsdq©mf sgd qdrodbs©ud 1 · 1 lYsq©bdr0

�h�z⟩z()9[ • !
"

× 9
9 ×

#
$ . �h�z⟩z()z[ • !

"
9 ×
× 9

#
$ ϑ -4(

Sgd dwb©sdc rsYsd ⟩z} ©r Y LYinqYmY edql©nm r©mbd ©s bn©mb©cdr v©sg ©sr nvm Yms©oYqs©bkd�
Sgd I1 fqYc©mf lYhdr -36( sn c©fldq eqnl Ym nqc©mYqx pta©s� Hm oYqs©btkYq: anrnmr?edql©nmr

rYs©rex Y rtodqrdkdbs©nm qtkd vg©bg ©lok©dr sgYs sgdx bYmmns ad rtodqonrdc -k©mdYqkx bnla©mdc(�
Hm sgd bYrd ne Ym nqc©mYqx pta©s sgd ©mdpt©uYkdms bnm’ftqYs©nmr: cdsdql©mdc ax sgd qYx udbsnqr:

Yqd dwoqdrrdc ax sgd Aknbg rogdqd R1� Hm sgd bYrd ne sgd LYinqYmY pta©s ©sr YmYknfntr Aknbg
rogdqd: cdsdql©mdc ax sgd qYx udbsnqr: ©r dwoqdrrdc ax V1: mYldkx itrs nmd a©s ne ©menqlYs©nm� Sgd
©cdms©’bYs©nm fndr Yr enkknvr0 9 • ⟩9}: z • ⟩z}�

2� C)qrs rbdmZq)n ne aqZ)cdc LZinqZmZ pta)sr0
Ltks)oZqs)bkd C)qrs MtZms)yZs)nm -fqZcdc Fnoe ZkfdaqZ v)sg aqZ)cdc sdmrnqr(�

Sgd ’qrs rbdmYq©n ne aqY©c©mf sgd I1/fqYcdc LYinqYmY pta©sr bnmr©rsr ©m ©msqnctb©mf )z1[ Y
ltks©oYqs©bkd E©qrs PtYms©yYs©nm cd’mdc ax sgd fqYcdc Gnoe YkfdaqY H ��h�z⟩z(( -sgd Tm©udqrYk
Dmudkno©mf .kfdaqY ne �h�z⟩z(( dmcnvdc v©sg: enkknv©mf sgd )z6[ oqdrbq©os©nm: Y aqY©cdc sdmrnq
oqnctbs ⊕aq vg©bg ©r bnloYs©akd v©sg sgd �h�z⟩z( rtodqYkfdaqY�

Hm sdqlr ne sgd 3 · 3 lYsq©w As : oYqYldsq©ydc ax Y mnmuYm©rg©mf bnlokdw oYqYldsdq s: sgd
bqdYs©nm nodqYsnq β cd’mdc ©m -1( ©r Yrrtldc sn rYs©rex

�C1 ⊕aq β( − �β ⊕aq C1( + As − �β ⊕aq C1( − �C1 ⊕aq β( • As − �β ⊕aq β(. -5(

vgdqd sgd ”−; rxlank cdmnsdr sgd rsYmcYqc lYsq©w ltks©ok©bYs©nm Ymc ”Ci; cdmnsdr sgd m· m ©cdms©sx
lYsq©w� Sgd lYsq©w As -sgd P/lYsq©w ne sgd .kdwYmcdq/BnmvYx onkxmnl©Yk ©m sgd k©mdYq bqxrsYk qdo
nm dwsdq©nq YkfdaqY )zz[( ©r f©udm ax

As +

!%%%%%
"

z 9 9 9
9 z � s s 9
9 z 9 9
9 9 9 �s

#&&&&&
$
ϑ -6(

Sgd s � 9 bnmc©s©nm dmrtqdr sgYs As ©r ©mudqs©akd�
Sgd ⊕aq aqY©cdc sdmrnq oqnctbs cd’mdc ©m -5( rYs©r’dr sgd qdpt©qdc )z6[ bnloYs©a©k©sx bnmc©s©nm

r©mbd As nadxr sgd aqY©c qdkYs©nm

�As ⊕ C1( − �C1 ⊕ As ( − �As ⊕ C1( + �C1 ⊕ As ( − �As ⊕ C1( − �C1 ⊕ As (ϑ -7(

2�z Bnmrsqtbs)nm ne sgd ltks)oZqs)bkd rdbsnqr

Enkknv©mf )z1[ sgd L/oYqs©bkd G©kadqs roYbd (K ©r Y rtards ne L sdmrnq oqnctbsr ne sgd
r©mfkd/oYqs©bkd G©kadqs roYbd ( roYmmdc ax ⟩9}. ⟩z} dmsdq©mf -36(0

(K ≥ ( ⊕K ϑ -8(
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(K ©r bnmrsqtbsdc ax qdodYsdckx Yookx©mf: nm sgd L/oYqs©bkd uYbttl rsYsd ⟩9}K f©udm ax

⟩9}K + ⟩9} ⊕ ϑ ϑ ϑ ⊕ ⟩9} �L s©ldr(. -z9(

sgd Gnoe YkfdaqY bnoqnctbsr ne sgd bqdYs©nm nodqYsnq β: rn sgYs (K ©r roYmmdc ax sgd mnqlYk©ydc
udbsnqr ⟩m}sϑK : vgdqd sgd ©msdfdq m kYadkr sgd m/sg dwb©sdc rsYsd0

⟩m}sϑK → '�
��K�z( �β(

(i ⟩9}K. enq m + 9. z. 1. ϑ ϑ ϑ� -zz(

Rnld bnlldmsr Yqd ©m nqcdq� Sgd gYs ©m sgd q�g�r� cdmnsdr sgd duYktYs©nm ne sgd bnoqnctbs nm sgd
f©udm qdoqdrdmsYs©nm ne sgd Tm©udqrYk Dmudkno©mf .kfdaqY H + H ��h�z⟩z((�
Sgd Gnoe YkfdaqY bnoqnctbs lYo � rYs©r’dr

� 0 H ⊂ H ⊕aq H. ��K�z( 0+ �� ⊕aq ec(��K ( + �ec ⊕aq �(��K ( ∞ H ⊕YiK ϑ -z1(

Sgd oqnodqsx

��R�RA( + ��R�(��RA( enq Ymx R�.RA ∞ H -z2(

©lok©dr sgYs sgd Ybs©nm nm Ymx f©udm R ∞ H ��i �z⟩z(( ©r qdbnudqdc eqnl sgd Ybs©nm ne sgd bnoqnctbs
nm sgd Gnoe YkfdaqY tm©s z Ymc nm sgd oq©l©s©ud dkdldmsr δ ∞ �h�z⟩z(: qdrodbs©udkx f©udm ax

��z( + z ⊕aq z. ��δ ( + z ⊕aq δ � δ ⊕aq zϑ -z3(

Sgd L/oYqs©bkd GYl©ksnm©Ym GK bYm ad dwoqdrrdc ©m sdqlr ne sgd r©mfkd/oYqs©bkd GYl©ksnm©Ym Gz
cd’mdc Yr Gz 0+ γ + ceY��9. z(, vd gYud

GK 0+ (��K�z( �Gz(ϑ -z4(

V©sg sgdrd onr©s©nmr vd gYud Ykk sgd ©mfqdc©dmsr sn bnlotsd sgd aqY©cdc ltks©oYqs©bkd rodbsqY enq
Ymx s � 9�

2�1 Sgd ltks)oZqs)bkd rodbsqZ

Vd itrs k©l©s gdqd sn oqdrdms sgd qdrtksr: qdedqq©mf sn )z1[ Ymc )z4[ enq sgd©q cdq©uYs©nm�
SqtmbYs©nmr ne sgd dmdqfx rodbsqY ne sgd ltks©oYqs©bkd aqY©cdc LYinqYmY pta©sr Yqd qdbnudqdc

enq rodb©Yk qnns/ne/tm©sx uYktdr ne s� Enq Ykk nsgdq s � 9 bYrdr sgd dmdqfx rodbsqY Yqd tmsqtmbYsdc�
Hm Y bnmudm©dms oYqYldsq©yYs©nm enq ⟩s ⟩ + z: sgd qnns ne tm©sx sqtmbYs©nmr Yqd qdbnudqdc eqnl sgd

onr©s©nm

s + �d1gµb. v©sg � + q
r Ymc q. r ltstYkkx oq©ld ©msdfdqr� -z5(

Sgd ogxr©br cndr mns cdodmc nm sgd rodb©’b uYktd ne s: ats nmkx nm sgd ”qnns ne tm©sx kdudk; rodb©’dc
ax sgd ©msdfdq r + 1. 2. 3. ϑ ϑ ϑ� Hm sgd k©l©s r ⊂ ∝ nmd nasY©mr s + �z vg©bg oqnctbdr Ym tmsqtmbYsdc
rodbsqtl -Y fdmdq©b s � 9vg©bg cndr mns bn©mb©cd v©sg Y qnns ne tm©sx oqnctbdr sgd rYld tmsqtmbYsdc
rodbsqtl(� Cdodmc©mf nm r: sgd enkknv©mf bkYrrdr ne L/oYqs©bkd dmdqfx rodbsqY Yqd qdbnudqdc -sgd
dmdqfx d©fdmuYktdr Yqd f©udm ax ©msdfdq mtladqr Ymc Yqd mns cdfdmdqYsd(0
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“ sqtmbZsdc Kr kdudk: sgd L/oYqs©bkd dmdqfx d©fdmuYktdr B Yqd

B + 9. z. ϑ ϑ ϑ . L enq L , r.

B + 9. z. ϑ ϑ ϑ . r � z enq L ≡ r, -z6(

©m sg©r bYrd Y okYsdYt ©r qdYbgdc Ys sgd lYw©lYk dmdqfx kdudk r � z, sg©r ©r sgd lYw©lYk mtladq ne
aqY©cdc LYinqYmY edql©nmr sgYs bYm ad YbbnllncYsdc ©m Y ltks©/oYqs©bkd G©kadqs roYbd,

“ tmsqtmbZsdc -s + �z( K∝ kdudk: sgd L/oYqs©bkd dmdqfx d©fdmuYktdr B Yqd

B + 9. z. ϑ ϑ ϑ . L enq Ymx f©udm L , -z7(

©m sg©r bYrd sgdqd ©r mn okYsdYt Ymc sgd lYw©lYk dmdqfx d©fdmuYktdr fqnv k©mdYqkx v©sg L �
.r ldms©nmdc adenqd: sgd kdudk/r qnns ne tm©sx ©lokdldmsr Y Fdms©kd/sxod )z3[ oYqYrsYs©rs©br�

Sgd rodb©Yk on©ms s + z: vg©bg ©r sgd kdudk/1 qnns ne tm©sx: f©udr sgd nqc©mYqx snsYk Yms©rxlldsq©yYs©nm
ne sgd edql©nm©b vYudetmbs©nmr Ymc dmbncdr sgd OYtk© dwbktr©nm oq©mb©okd ne nqc©mYqx edql©nmr�

3� Rdbnmc rbdmZq)n ne aqZ)cdc LZinqZmZ pta)sr0
Qnnsr ne tm)sx sqtmbZs)nmr eqnl rtodqrdkdbsdc ptZmstl fqnto qdor�

Sgd sqtmbYs©nmr ne sgd ltks©/oYqs©bkd rodbsqY Ys qnnsr ne tm©sx Yqd qdl©m©rbdms ne sgd vdkk/hmnvm
rodb©Yk edYstqdr ne sgd ptYmstl fqntor qdoqdrdmsYs©nmr Ys qnnsr ne tm©sx: rdd )z7[ Ymc )z8[� Nm sgd
nsgdq gYmc sgd YooqnYbg ne )z1[ cndr mns c©qdbskx trd ptYmstl fqnto cYsY r©mbd sgd bnloYs©akd
aqY©cdc sdmrnq oqnctbs ©r Yook©dc sn sgd �h�z⟩z( rtodqYkfdaqY: mns ©sr ptYmstl bntmsdqoYqs�

Sgd nodm ptdrs©nm ne cdq©u©mf sgd rodbsqtl ne ltks©oYqs©bkd aqY©cdc LYinqYmY pta©sr eqnl
ptYmstl fqnto cYsY vYr rnkudc ©m )z4[, vd aq©dfix ©kktrsqYsd gdqd sgd bnmrsqtbs©nm vg©bg lYhdr
trd ne sgd ptYmstl rtodqYkfdaqY Hn �lqo�z⟩1((� Enkknv©mf )19[ sg©r ptYmstl rtodqYkfdaqY ©r Y
cdenqlYs©nm ne sgd lqo�z⟩1( K©d rtodqYkfdaqY: qdbnudqdc ©m sgd rodb©Yk k©l©s ζ ⊂ 9: vgdqd ζ ©r Y
bnlokdw cdenqlYs©nm oYqYldsdq Ymc p bYm ad dwoqdrrdc Yr p + d� �

Hn �lqo�z⟩1(( ©r fdmdqYsdc ax sgd sgqdd dkdldmsr G. E∗ rYs©rex©mf: ©m sdqlr ne sgd bnlokdw
oYqYldsdq ζ � 9: sgd -Yms©(bnlltsYs©nm qdkYs©nmr

)G. E∗[� + ∗z1E∗.

UE�. E�{� +
r©mg�ζG(
r©mg�1ζ(

+
d�B � d��B
d1� � d�1� ϑ -z8(

Hm sgd k©l©s vgdm ζ fndr sn ydqn nmd qdbnudqr sgd nqc©mYqx lqo�z⟩1( Yms©bnlltsYsnq UE�. E�{ ne sgd
nro�z⟩1( ncc fdmdqYsnqr0

k©l
�⊂9

UE�. E�{� + UE�. E�{ +
z
1G ϑ -19(

Sgd ptYmstl rtodqYkfdaqY Hn �lqo�z⟩1(( gYr sgd rsqtbstqd ne Y fqYcdc Gnoe rtodqYkfdaqY vgdqd:
©m oYqs©btkYq: sgd enkknv©mf qdkYs©nmr enq sgd bnoqnctbs gnkc0

��G( + G ⊕ z � z ⊕ G.

��E∗( + E∗ ⊕ d
�
1 B � d�

�
1 B ⊕ E∗ϑ -1z(
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. r©mfkd/oYqs©bkd G©kadqs roYbd(� bYm ad dwoqdrrdc Yr Y knvdrs/vd©fgs qdoqdrdmsYs©nm neHn �lqo�z⟩1((:
cd’mdc ax sgd Enbh uYbttl ⟩9}� rtbg sgYs

G ⟩9}� + η ⟩9}�.
E� ⟩9}� + 9. -11(

vgdqd η ©r Y f©udm ”uYbttl dmdqfx; Ymc sgd G©kadqs roYbd (� ©r roYmmdc ax sgd -onrr©akx ©m’m©sd(
rdq©dr ne udbsnqr ⟩m}�0

⟩m}� + Ei� ⟩9}�. vgdqd m + 9. z. 1. 2. ϑ ϑ ϑ ϑ -12(

. mnm/uYm©rg©mf udbsnq ⟩m}� ©r Ym d©fdmudbsnq ne G v©sg η � i
1 d©fdmuYktd0

G ⟩m}� + �η �
m
1 ( ⟩m}� ϑ -13(

Sgd bnmmdbs©nm v©sg sgd dmdqfx rodbsqtl ne sgd r©mfkd/oYqs©bkd LYinqYmY pta©s ©r odqenqldc ©m svn
rsdor� .s ’qrs nmd rdsr η + 9 Ymc Gz 0+ 1G Yr sgd mnqlYk©ydc r©mfkd/oYqs©bkd GYl©ksnm©Ym� Mdws: ©m
nqcdq sn qdbnudq eqnl Hn �lqo�z⟩1(( Y 1/c©ldmr©nmYk G©kadqs roYbd: Y rt©sYakd oqnidbsnq N -N1 + N(
rgntkc ad Yook©dc� Sgd svn/c©ldmr©nmYk ’m©sd G©kadqs roYbd ( �z(

� ©r nasY©mdc eqnl (� ax Yookx©mf
sgd oqnidbsnq N + ceY��z. z. 9. 9. 9 ϑ ϑ ϑ(: cd’mdc Yr

N ⟩9}� + ⟩9}�. N ⟩z}� + ⟩z}�. vg©kd N ⟩m}� + 9 enq m ≡ 1ϑ -14(

Hs enkknvr sgYs ( �z(
� ≥ (� ©r roYmmdc ax sgd N d©fdmudbsnqr v©sg �z d©fdmuYktd: rn sgYs ⟩9}�. ⟩z}� ∞

( �z(
� �

Hm sgd ltks©/oYqs©bkd rdbsnqr sgd �L � z(/oYqs©bkd G©kadqs roYbd ( �K�z(
� ©r roYmmdc ax sgd udbsnqr

�N ⊕ N ⊕ ϑ ϑ ϑ ⊕ N( − '��K ( �Ei� ( − �⟩9}� ⊕ ⟩9}� ⊕ ϑ ϑ ϑ ⊕ ⟩9}� (. -15(

vgdqd sgd���K ( bnoqnctbs Ybsr nm sgd sdmrnq oqnctbs ne L � z roYbdr�
Sg©r bnmrsqtbs©nm Ykknvr sn qdoqnctbd: rdd )z4[ enq cdsY©kr: sgd ltks©oYqs©bkd rodbsqtl ne sgd

aqY©cdc LYinqYmY pta©sr v©sg sgd ©cdms©’bYs©nm: enq s + �d1gµb f©udm ©m -z5(:

s + d�
�
1 . rn sgYs ζ + �1µe�1� � z(� -16(

4� Sg)qc rbdmZq)n ne aqZ)cdc LZinqZmZ pta)sr0
. mdv sxod ne ”Tnk)bgdmhn ldsZrxlldsqx:�

. sg©qc rbdmYq©n enq sgd ltks©oYqs©bkd rdbsnq ne aqY©cdc LYinqYmY pta©sr ©r qdYk©ydc vgdm sgd
aqY©cdc sdmrnq oqnctbs ⊕aq : ©mrsdYc ne r©lokx -enkknv©mf )z6[( adffmf cdbkXqdc sn ad aqY©cdc: ©r
qdbnmrsqtbsdc eqnl Ym nqc©mYqx ⊕ sdmrnq oqnctbs u©Y sgd ©msqnctbs©nm ne ©msdqsv©m©mf nodqYsnqr�

Sgd aYr©b dwYlokd ©r f©udm ax sgd lYoo©mfr

�β ⊕aq C1( ∈⊂ β ⊕ C1. �C1 ⊕aq β( ∈⊂ Us ⊕ β. -17(

vg©bg Ykknv sn qdbnudq sgd ⊕aq aqY©c©mf qdkYs©nm -5(

�C1 ⊕aq β( − �β ⊕aq C1( ∈⊂ �Us ⊕ β( − �β ⊕ C1( + �Usβ( ⊕ β.

�β ⊕aq C1( − �C1 ⊕aq β( ∈⊂ �β ⊕ C1( − �Us ⊕ β( + �βUs ( ⊕ β. -18(
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oqnu©cdc sgYs sgd 1 · 1 ©msdqsv©m©mf nodqYsnq Us rYs©r’dr sgd bnmr©rsdmbx bnmc©s©nm

Usβ + ��s(βUs ϑ -29(

. rnkts©nm: dwoqdrrdc enq sgd kdudk/r qnns ne tm©sx ©m sdqlr ne sgd sr + �d
1bη
r onr©s©nm: ©r f©udm ax

Usr + bnr��µ
r

( − C1 � e r©m�
�µ
r

( − W. vgdqd W + !
"

z 9
9 �z

#
$� -2z(

Hmcddc: vd fds

Usrβ + d
1η b
r βUsr ϑ -21(

Enkknv©mf sg©r oqdrbq©os©nm: sgd aqY©cdc 1/oYqs©bkd -1N( Ymc 2/oYqs©bkd -2N( bqdYs©nm nodqYsnqr ne
sgd LYinqYmY pta©sr bYm ad qdrodbs©udkx dwoqdrrdc -rdd )z4[ enq cdsY©kr( Yr

1N 0 �|z 0+ β ⊕ C1. �|1 0+ Usr ⊕ β,
2N 0 A|z 0+ β ⊕ C1 ⊕ C1. A|1 0+ Usr ⊕ β ⊕ C1. A|2 0+ Usr ⊕Usr ⊕ βϑ -22(

Enq sgd 1/oYqs©bkd rdbsnq: sgd aqY©cdc edql©nm©b bqdYs©nm at©kc©mf aknbhr �|z. �
|
1 Ymc sgd©q qdrodbs©ud

bnmitfYsd lYsq©bdr �z. �1 Yqd 3 · 3 lYsq©bdr f©udm ax

�|z +
!%%%%%
"

9 9 9 9
9 9 9 9
z 9 9 9
9 z 9 9

#&&&&&
$
. �|1 +

!%%%%%
"

9 9 9 9
d
�bη
r 9 9 9
9 9 9 9
9 9 d

bη
r 9

#&&&&&
$
.

�z +
!%%%%%
"

9 9 z 9
9 9 9 z
9 9 9 9
9 9 9 9

#&&&&&
$
. �1 +

!%%%%%
"

9 d
bη
r 9 9

9 9 9 9
9 9 9 d

�bη
r

9 9 9 9

#&&&&&
$
ϑ -23(

Snfdsgdq v©sg Ym dudm 3 · 3 bdmsqYk bgYqfd b cd’mdc Yr

b + ceY��z. z. z. z(ϑ -24(

sgdx bknrd: Yr rgnvm adknv: Y fdmdqYk©ydc ”l©wdc/aqYbhds; Gd©rdmadqf/K©d YkfdaqY�

Sg©r bnmrsqtbs©nm Ykknvr sn lYhd Y bnmmdbs©nm v©sg sgd mns©nm ne ”rxlldsq©dr v©cdq sgYm
rtodqrxlldsqx; oqdrdmsdc ax Kd©sdr Ymc RdqfYmnuY ©m )1z[ -rdd Ykrn )11[(, sg©r mns©nm bnmbdqmr
sgd dw©rsdmbd ne rsYs©rs©br/bgYmf©mf lYor vg©bg cn mns oqdrdqud sgd I1/fqYc©mf ne nqc©mYqx K©d
rtodqYkfdaqYr� Kd©sdr/RdqfYmnuY ©msqnctbdc sgd bnmbdosr ne ”ldsYlYm©enkcr; -Yr Ym dwsdmr©nm
ne rtodqlYm©enkcr(: ”ldsYroYbd; -Yr Ym dwsdmr©nm ne rtodqroYbd( Ymc ”ldsYrxlldsqx; -Yr Ym
dwsdmr©nm ne rtodqrxlldsqx(� .r Y bnmbqdsd ©lokdldmsYs©nm ne sgd©q oqnonrYk sgdx ©mudrs©fYsdc
rsYs©rs©br/bgYmf©mf lYor ©mctbdc ax mnmgnlnfdmdntr rtaroYbdr ne K©d rtodqYkfdaqYr bknrdc tmcdq
sgd rtodqaqYbhdsr� Sg©r kdYcr sn sgd mns©nm ne Unkffbgdmhn XkfdaqXr -Yesdq Y sgdnqdl oqnudc ax
Unk©bgdmhn( vg©bg rYs©rex Y bnmc©s©nm hmnvm Yr ldsYYadk©Ymdrr, sg©r ldYmr sgYs: enq Ymx t. g. x
sq©okd ne nodqYsnqr: sgd ©cdms©sx

)t. )g. x[[ + 9. -25(
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vg©bg ©munkudr nqc©mYqx bnlltsYsnqr: ©r rYs©r’dc�
Bnmbdqm©mf Unk©bgdmhn YkfdaqYr: g©rsnq©bYk lns©uYs©nmr Ymc qdedqdmbdr kdYc©mf sn sgd©q ©msqn/

ctbs©nm Yqd entmc ©m )1z: 11[� . bnmrsqtbs©nm ne Unk©bgdmhn YkfdaqYr Yr YkfdaqYr ne c©fldqdms©Yk
nodqYsnqr ©r entmc ©m )12[: vg©kd Y qdbdms Ybbntms v©sg tocYsdc qdedqdmbdr ©r )13[�

.m ©msq©ft©mf dwYlokd ne Y bkYrr ne Unk©bgdmhn YkfdaqYr vYr oqdrdmsdc ©m )11[� Cdmnsdc Yr
s�hη �o⟩p(: sgdx Yqd f©udm ax sgd �h�o⟩p( roYbd ne �o � p( · �o � p( rtodqlYsq©bdr� Tmcdq sgd I1/
cdbnlonr©s©nm �h�o⟩p( + g9 ∓ gz ©msn dudm?ncc rdbsnqr: ax ’w©mf λ + Y<a ∞ �Nz: Y ltks©ok©bYs©nm
gz · gz ⊂ g9 ©r ©msqnctbdc sgqntfg sgd enqltkY

�t. g(η + Y)t. g[ � aUt. g{ enq Ymx t. g ∞ gz� -26(

Enq Ya � 9 sgd �ϑ. ϑ(η aqYbhds ©r Ym ©msdqonkYs©nm ne nqc©mYqx bnlltsYsnqr Ymc Yms©bnlltsYsnqr�

Sg©r oYqs©btkYq dwYlokd vYr sgd rsYqs©mf on©ms sn dwoknqd sgd onrr©a©k©sx ne ©msqnctb©mf ”l©wdc
aqYbhdsr; sn cdrbq©ad sgd oYqYrsYs©rs©br ne sgd aqY©cdc LYinqYmY pta©sr� Sgdqd vdqd svn lY©m qdYrnmr
enq sgYs0
ff( Y r©mfkd/oYqs©bkd LYinqYmY pta©s ©r bqdYsdc?Ymm©g©kYsdc ax sgd β. α fdmdqYsnqr ©m sgd ncc rdbsnq ne
sgd �h�z⟩z( rtodqYkfdaqY: Yr rgnvm ©m enqltkYr -1: 2( Ymc
ffff( sgd at©kc©mf aknbhr ne sgd 1/oYqs©bkd bqdYs©nm?Ymm©g©kYs©nm nodqYsnqr Yqd YbbnllncYsdc ©m sgd
ncc rdbsnq ne Y �h�1⟩1( rtodqYkfdaqY�

Sgdrd bnmr©cdqYs©nmr kdc sn sgd ©msqnctbs©nm ©m )z4[ ne ”l©wdc/aqYbhds] fdmdqYk©ydc Gd©rdmadqf/
K©d YkfdaqYr vg©bg bknrd fdmdqYk©ydc IYbna© ©cdms©s©dr� Vd oqdrdms gdqd sgd r©lokdrs bnmrsqtbs©nm
enq sgd kdudk/r 1/oYqs©bkd aqY©cdc LYinqYmY pta©sr nasY©mdc eqnl sgd ’ud 3 · 3 lYsq©bdr oqdrdmsdc
©m -23:24(�

4�z . fdmdqZk)ydc l)wdc“aqZbhds Fd)rdmadqf“I)d ZkfdaqZ

Kds W.X ad svn nodqYsnqr� Sgd©q l©wdc/aqYbhds: cd’mdc ©m sdqlr ne Y πNX Ymfkd Ymc cdmnsdc
Yr �W.X (π�X : ©r Ym ©msdqonkYs©nm ne sgd nqc©mYqx )W.X [ bnlltsYsnq Ymc UW.X { Yms©bnlltsYsnq� Vd
bYm rds

�W.X (π�X 0+ e r©m�πNX ( − )W.X [ � bnr�πNX ( − UW.X {. -27(

vgdqd πNX adknmfr: lnc 1µ: sn sgd ©msdquYk πNX ∞ )�µ. µ)�

Enq sgd rodb©Yk bYrd ne sgd ’ud 3 · 3 lYsq©bdr ©msqnctbdc ©m -23:24(: Y bnmr©rsdms fdmdqYk©ydc
l©wdc/aqYbhds 1/oYqs©bkd Gd©rdmadqf/K©d YkfdaqY ©r ©msqnctbdc Yr enkknvr�

Hs ©r bnmudm©dms Ys ’qrs sn qdmYld sgd fdmdqYsnqr Yr

F9 0+ b + ceY��z. z. z. z(. F�z 0+ �|z. F�z 0+ �z. F�1 0+ �|1. F�1 0+ �1ϑ -28(

Sgd 4 fdmdqYsnqr -F∗z.F∗1.F9( 1/nrb©kkYsnq YkfdaqY gYr sgd nmkx mnmuYm©rg©mf aqYbhdsr f©udm
ax

�F∗z.F±z( + �F∗1.F±1( + F9ϑ -39(
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Sgd l©wdc/aqYbhds enqltkYr: v©sg sgd dwok©b©s ©mrdqs©nm ne sgd πHI Ymfkd cdodmcdmbd: Yqd

�F�z.F�z(9 + �F�z.F�z(9 + F9. �F�z.F�z(9 + �F�z.F�z(9 + 9.
�F�1.F�1(9 + �F�1.F�1(9 + F9. �F�1.F�1(9 + �F�1.F�1(9 + 9. -3z(

snfdsgdq v©sg

�F�z.F�1(� r�11r µ
+ �F�1.F�z(� r�11r µ

+ 9.
�F�z.F�1(� r�11r µ

+ �F�1.F�z(� r�11r µ
+ 9.

�F�z.F�1(� r�11r µ
+ �F�1.F�z(� r�11r µ

+ 9.
�F�z.F�1(� r�11r µ

+ �F�1.F�z(� r�11r µ
+ 9ϑ -31(

.s r + 1 sgdrd aqYbhdsr cd’md Ym nqc©mYqx: 1 edql©nm©b nrb©kkYsnqr: Gd©rdmadqf/K©d YkfdaqY�
Enq Ymx f©udm r + 2. 3. 4. ϑ ϑ ϑ: sgdx Yqd Y l©wdc aqYbhds fdmdqYk©yYs©nm -Y mnmsq©u©Yk ©msdqonkYs©nm

ne bnlltsYsnqr?Yms©bnlltsYsnqr( ne sgd Gd©rdmadqf/K©d YkfdaqY vg©bg dmbncdr sgd aqY©c rsYs©rs©br
ne kdudk r�

Hm sgd r ⊂ ∝ tmsqtmbYsdc k©l©s nmd qdbnudqr YfY©m nqc©mYqx: ©�d� mns ©msdqonkYsdc: bnlltsY/
snqr?Yms©bnlltsYsnqr� Hm sgYs k©l©s: nm sgd nsgdq gYmc: nmd nasY©mr sgd Gd©rdmadqf/K©d YkfdaqY ne 1
oYqYedql©nm©b nrb©kkYsnqr: rdd )z4[ enq cdsY©kr�

R©mbd F9 ©r Y bdmsqYk dkdldms: sgd kdudk�r l©wdc/aqYbhds YkfdaqYr mns nmkx rYs©rex fdmdqYk©ydc
IYbna© ©cdms©s©dr, sgdx Ykrn rYs©rex Y ”ldsYYadk©Ymdrr bnmc©s©nm v©sg qdrodbs sn sgd l©wdc aqYbhdsr;�
Sg©r ldYmr sgYs

�FH. �FI.FJ (( + 9 enq Ymx H. I. J + 9.∗z.∗1 ϑ -32(

Sgd nqc©mYqx ldsYYadk©Ymdrr bnmc©s©nm ©r mns rYs©r’dc ax F∗z.F∗1.F9� Nmd bYm dwok©b©skx bgdbh:
d�f�: sgYs

)F�z. )F�1.F�1[[ � 9ϑ -33(

Nmd ne sgd bnmrdptdmbdr ©r sgYs aqY©cdc LYinqYmY pta©sr dmkYqfd sgd mns©nm ne ”Unk©bgdmhn Ykfd/
aqYr; Yr cd’mdc ax Kd©sdr/RdqfYmnuY� . hdx nardquYs©nm ©r sgYs sgd Kd©sdr/RdqfYmnuY bnmrsqtbs©nm
©r bkXrrffbXk r©mbd sgd©q mns©nm ne ldsYroYbd ©r Yook©dc sn bkYrr©bYk rtodqfdnldsqx Ymc bkYrr©bYk K©d
rtodqYkfdaqYr� Nm sgd nsgdq gYmc: sgd bnmrsqtbs©nm gdqd c©rbtrrdc ©r qdkYsdc sn ptYmstl fqntor Ys
qnnsr ne tm©sx� Sg©r rtffdrsr sgd onrr©a©k©sx ne dwsdmc©mf sgd mns©nm ne ”ldsYroYbd; sn Y ”ptYmstl
ldsYroYbd;�

Hs ©r vnqsg ldms©m©mf sgYs sgd bnmrsqtbs©nm ne sgd ”l©wdc/aqYbhds; Gd©rdmadqf/K©d YkfdaqYr ©r
odqenqldc enq Ymx L/oYqs©bkd rdbsnq Ymc sgYs sgd l©w©mf Ymfkdr πHI vg©bg ©mctbd Y bknrdc YkfdaqY©b
rsqtbstqd Yqd cdsdql©mdc�

5� Bnmbktr)nmr

Rdbs©nm 1 oqdrdmsr sgd mns©nm ne I1?fqXcdc LXinqXmX ptaffs: vg©kd Rdbs©nmr 2: 3 Ymc 4 rtbb©mskx
rtllYq©yd sgd qdrtksr ne )z1: z4[ bnmbdqm©mf aqY©c©mf oqnodqs©dr Ymc lYsgdlYs©bYk rsqtbstqdr
cdrbq©a©mf sgdl� Sgd lY©m edYstqdr bYm ad ©sdl©ydc Yr enkknvr0

z9
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⊗ Sgd ltks©oYqs©bkd ptYms©yYs©nm cdodmcr nm Y c©rbqdsd bnmsqnk oYqYldsdq r + 1. 2. 3. ϑ ϑ ϑ vg©bg
kYadkr Y Fdms©kd/sxod oYqYrsYs©rs©br vgdqd Ys lnrs r � z dwb©sdc rsYsdr: Yr rddm eqnl sgd -z6( dmdqfx
rodbsqY: Yqd YbbnllncYsdc ©m Ym L/oYqs©bkd rdbsnq�

⊗ Sgd ltks©oYqs©bkd ptYms©yYs©nm ©r cdsdql©mdc ax Y fqYcdc Gnoe YkfdaqY dmcnvdc v©sg Y
aqY©cdc sdmrnq oqnctbs�

⊗ .m YksdqmYs©ud enqltkYs©nm: qdbnudqdc eqnl rtodqrdkdbsdc qdor ne sgd ptYmstl rtodqYkfdaqY
Hn �lqo�z⟩1((: ”dwokY©mr; sgd sqtmbYs©nmr ne sgd -z6( dmdqfx rodbsqY�

⊗ .mnsgdq YksdqmYs©ud enqltkYs©nm ©r qdbnudqdc eqnl l©wdc/aqYbhds fdmdqYk©yYs©nmr ne
Gd©rdmadqf/K©d YkfdaqYr: vgdqd sgd l©wdc aqYbhdsr Yqd: rdd enqltkYr -27( Ymc -31(: ©msdqonkYs©nmr
ne nqc©mYqx bnlltsYsnqr Ymc Yms©bnlltsYsnqr�

⊗ Sgd l©wdc/aqYbhds rsqtbstqd ©r Y ptYmstl fqnto fdmdqYk©yYs©nm ne sgd Kd©sdr/RdqfYmnuY
mns©nm ne Unkffbgdmhn XkfdaqXr: sgd bkYrr©bYk mns©nm ne ldsYYadk©Ymdrr aYrdc: rdd -25(: nm nqc©mYqx
bnlltsYsnqr ad©mf mnv qdokYbdc ax Y ldsYYadk©Ymdrr v©sg qdrodbs sn sgd l©wdc aqYbhdsr: rdd -32(�

H bYm mnv oqdrdms Y vdYhdq enql ne sgd ptdrs©nm Yrhdc ©m sgd S©skd� Kds"r qdenqltkYsd ©s Yr0

Hr sgdqd X lffmfflXk rdssffmf enq X aqXffcdc ptXmstl lncdk Xmc: ffe rn: vgffbg, -34(

H bkY©l sgYs sgd ’qrs oYqs ne sg©r ptdrs©nm gYr Y bkdYq YffqlYs©ud Ymrvdq Ymc sgYs: enq sgd rdbnmc
oYqs: sgd aqY©cdc LYinqYmY pta©sr oqnu©cd Y l©m©lYk aqY©cdc ptYmstl lncdk� Sgd itrs©’bYs©nm ©r
oqdrdmsdc gdqd�

/ Hs ©r vdkk hmnvm sgYs Kd©am©y: ©mro©qdc ax sgd gdwYfqYlr ne sgd Bg©mdrd bkYrr©b H Bgffmf: ©msqnctbdc
©m sgd Vdrs -DwokffbXsffnm cd k"Xqffsgljsffptd affmXffqd: otak©rgdc ©m z692 tmcdq sgd rodkk©mf ”Kd©am©sy; ©m
Läln©qdr cd k".bYcäl©d qnxYkd cdr Rb©dmbdr: oYfdr 72/78( sgd a©mYqx bncd qdoqdrdmsdc ax sgd c©f©sr
9 Ymc z� Kd©am©y YcunbYsdc sgd YcuYmsYfdr: ctd sn ©sr r©lok©b©sx: ne odqenql©mf bnlotsYs©nmr ©m
sg©r mnsYs©nm� Onr©s©nmYk mtladq rxrsdlr vnqh v©sg Ymx aYrd -mtladq ne c©f©sr( fqdYsdq sgYm nmd:
k©hd ntq z9 mnsYs©nm: sgd AYaxknm©Ym 59: dsb�� Sgd aYrd 1 eYuntqdc ax Kd©am©y ©r bkdYqkx sgd l©m©lYk
bgn©bd r©mbd ©s ©munkudr sgd l©m©lYk mtladq: 1: ne Ycl©rr©akd c©f©sr� Sg©r r©lokd l©m©lYk bgn©bd ©r
sgd qdYrnm vgx nqc©mYqx bnlotsdqr lYm©otkYsd a©sr Ymc Yqd dmf©mddqdc sn vnqh v©sg AnnkdYm knf©b�

/ Enq ”nqc©mYqx; ptYmstl bnlotsdqr sgdqd ©r mns ltbg sn Ycc sn vgYs YkqdYcx rsYsdc ©m sgd Hm/
sqnctbs©nm� . l©m©lYk ptYmstl eqYldvnqh ©r aYrdc nm sgd lYm©otkYs©nm -Ymc dmsYmfkdldms( ne
1/bnlonmdms rsYsdr: sgd pta©sr�

/ Bnmbdqm©mf aqY©cdc ptYmstl ldbgYm©br rYs©rex©mf Y aqY©cdc -Ymxnm©b( rsYs©rs©br: sgd LYinqYmY
pta©sr okYx sgd rYld qnkd Yr nqc©mYqx pta©sr� Hs ©r rtffb©dms sn o©mon©ms r©l©kYq©s©dr?c©fldqdmbdr ne
nqc©mYqx pta©sr udqrtr I1/fqYcdc LYinqYmY pta©sr� Kds"r gYud Y bknrdq knnh�

Sgd nqc©mYqx pta©s ©r cdrbq©adc ax sgd 1/rsYsd udbsnq

pta©s0
)
Y
a

(
. v©sg Y. a ∞ � Ymc ⟩Y ⟩1 � ⟩a⟩1 / 9� -35(

zz
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Sgd ©mdpt©uYkdms ogxr©bYk bnm’ftqYs©nmr: cdsdql©mdc ax sgd qYx udbsnq: Yqd nasY©mdc eqnl sgd
mnqlYk©yYs©nm bnmc©s©nm ⟩Y ⟩1 � ⟩a⟩1 + z oktr Y ogYrd ©muYq©Ymbd� Sgdx Yqd dwoqdrrdc ax sgd Aknbg
rogdqd R1�

Sgd I1/fqYcdc LYinqYmY pta©s oqdrdmsr ansg anrnm©b -dudm( Ymc edql©nm©b -ncc( rsYsdr vg©bg:
tmcdq Y rtodqrdkdbs©nm qtkd: bXmmns ad kffmdXqkx bnlaffmdc� Hs ©r sgdqdenqd cdrbq©adc ax sgd rds ne
rsYsdr

I1/fqYcdc pta©s0 d©sgdq dudm
)
Y
9

(
nq ncc

)
9
a

(
: v©sg Y. a ∞ � Ymc ⟩Y ⟩1 � ⟩a⟩1 / 9� -36(

.r qdbYkkdc Ys sgd dmc ne Rdbs©nm 1: ©sr ©mdpt©uYkdms ogxr©bYk bnm’ftqYs©nmr Yqd cdsdql©mdc ax sgd
qYx udbsnqr Ymc bnqqdronmc sn V1: ©�d� nmd a©s ne ©menqlYs©nm�

I1/fqYcdc LYinqYmY pta©sr rgYqd: v©sg nqc©mYqx pta©sr: sgd rYld l©m©lYk©rs©b oqnodqs©dr, sgdx
bYm dudm ad qdfYqcdc Yr Y r©lokdq udqr©nm vg©bg Ykknvr sn ©msqnctbd Y mnm/sq©u©Yk aqY©c©mf enq
r / 1� Sgd -6( aqY©c©mf lYsq©w As : oYqYldsq©ydc ax sgd ©mdpt©uYkdms uYktdr s • sr + d

�1η b
r : rYs©rex

©cdlonsdms qdkYs©nmr ©m sdqlr ne onvdqr ne r0

Arsr + C3ϑ -37(

Sgd r + 1 bYrd bnqqdronmcr sn Ym nqc©mYqx anrnmr?edql©nmr qdoqdrdmsYs©nm ne sgd odqltsYs©nm fqnto�
Hm sgd l©wdc/aqYbhds YooqnYbg sgd mnmsq©u©Yk aqY©c©mf ©r qdYk©ydc ax mnmsq©u©Yk ©msdqonkYs©nmr ne bnl/
ltsYsnqr?Yms©bnlltsYsnqr: rdd -31(� RnldvgYs tmdwodbsdckx: ©m sgd r ⊂ ∝ k©l©s sgd ©msdqonkYs©nm
ne bnlltsYsnqr?Yms©bnlltsYsnqr c©rYoodYqr� Hm sgYs k©l©s nmd qdbnudqr )z4[ Y Q©ssdmadqf/Vxkdq
sxod ne oYqYedql©nmr )14: 15[� Tmk©hd sgd Ymxnm©b aqY©c rsYs©rs©br: sg©r bkYrr ne oYqYoYqs©bkdr bYm k©ud
©m Ymx roYbd c©ldmr©nm: rdd )16[� Hs gYr addm rgnvm ©m )17: 18[ sgYs Q©ssdmadqf/Vxkdq oYqYoYqs©bkdr
Yqd sgdnqds©bYkkx cdsdbsYakd -rdd Ykrn sgd Ybbntms ©m )29[(�
Sgd mnmsq©u©Yk aqY©c©mf: vg©bg bYm ©m oq©mb©okd ad Yook©dc sn ©lokdldms sgd J©sYdu"r oqnonrYk
ne snonknf©bYk ptYmstl bnlotsYs©nm: ©r qdYk©ydc enq Ymx ’m©sd: ©msdfdq uYktd ne r ©m sgd qYmfd
r + 2. 3. 4. ϑ ϑ ϑ �
Hm sgd ltks©oYqs©bkd rdbsnqr sgd ©mdpt©uYkdms ogxr©bYk bnm’ftqYs©nmr ne aqY©cdc LYinqYmY pta©sr Yqd
cdsdql©mdc: rdd )z1[: ax fdmdqYk©ydc Aknbg rogdqdr, enq Y 2/bnlonmdms dmdqfx kdudk fqYcdc G©kadqs
roYbd sgd ogxr©bYk anrnm©b rtaroYbd ©r cdrbq©adc ax Ym R1 rogdqd Ymc sgd edql©nm©b rtaroYbd ax Y
r©mfkd on©ms: vg©kd enq Y 3/bnlonmdms dmdqfx kdudk fqYcdc G©kadqs roYbd ansg anrnm©b Ymc edql©nm©b
ogxr©bYk rtaroYbdr Yqd cdrbq©adc ax Ym R1 rogdqd� G©fgdq bnlonmdmsr ©lokx lnqd bnlok©bYsdc
rsqtbstqdr�

AqY©cdc LYinqYmY pta©sr: Ykad©s l©m©lYk©rs©b: gYud Y q©bg rsqtbstqd� Sgdx nfldq Ym ©cdYk okYx/
fqntmc sn sdrs rdudqYk lYsgdlYs©bYk eqYldvnqhr Yook©dc ©m sgd bnmrsqtbs©nm ne aqY©cdc ptYmstl
lncdkr� Rnld ne sgdrd eqYldvnqhr: k©hd sgd l©wdc/aqYbhds Gd©rdmadqf/K©d YkfdaqYr vg©bg fdmdq/
Yk©yd sgd mns©nm ne Unk©bgdmhn YkfdaqYr: gYud xds sn ad etkkx lYsgdlYs©bYkkx ©mudrs©fYsdc� C©fldqdms
eqYldvnqhr oqdrdms c©fldqdms YcuYmsYfdr� Hmcddc: nmd bYm mnsd sgYs sgd bnmrsqtbs©nm cdsY©kdc ©m
Rdbs©nm 2 ©munku©mf Y fqYcdc Gnoe YkfdaqY dmcnvdc v©sg Y aqY©cdc sdmrnq oqnctbs ©r lnqd c©qdbs,
sgd ptYmstl fqnto qdor bnmmdbs©nm dwokY©mdc ©m Rdbs©nm 3: nm sgd nsgdq gYmc: bkYq©’dr sgd mYstqd
ne sgd rodbsqtl sqtmbYs©nmr nardqudc ©m -z6(�

z1
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Kds"r mnv bnld aYbh sn sgd -rk©fgskx qdogqYrdc( ptdrs©nm Yrhdc ©m sgd S©skd0

.qd aqXffcdc LXinqXmX ptaffsr X lffmfflXk rdssffmf enq SnonknfffbXk PtXmstl BnlotsXsffnm, -38(

Enq sgd lnldms vd bYmmns f©ud Y cd’m©sd Ymrvdq� AqY©cdc LYinqYmY pta©sr Yqd pt©sd Y mnudk ptYmstl
lncdk Ymc: to sn mnv: sgd ©mudrs©fYs©nmr enbtrdc nm sgd©q ©msdqqdkYsdc: tmcdqkx©mf: lYsgdlYs©bYk
rsqtbstqdr� Sgd oqnodq YmYkxr©r ne sgd hmns knf©b: rdd )3[: vg©bg bntkc ad dmbncdc v©sg©m aqY©cdc
LYinqYmY pta©sr gYr xds sn ad rsYqsdc� Sg©r oqdrdmsYs©nm ©r ©msdmcdc: ©m sgd k©fgs ne sgd YcunbYsdc
l©m©lYk©rs©b u©dvon©ms: sn Ycudqs©rd sgd qdkduYmbd ne enqsgbnl©mf ©mudrs©fYs©nmr ©m sg©r sno©b�

GYu©mf ©cdms©’dc Y l©m©lYk lncdk rYs©rex©mf sgd bnmr©rsdmbx bnmc©s©nm ff( rsYsdc ©m sgd Hmsqnctb/
s©nm: sgd mdws svn bnmc©s©nmr ffff( Ymc ffffff( rgntkc ad rdq©ntrkx Yccqdrrdc ©m enqsgbnl©mf ©mudrs©fYs©nmr�

.bhmnvkdcfldmsr

Sg©r vnqh vYr rtoonqsdc ax BMOp -OP fqYms 297735?191z/3(�

Qdedqdmbdr

)z[ .� Xt� J©sYdu: EXtks?snkdqXms ptXmstl bnlotsXsffnm ax Xmxnmr: .mm� ne Ogxr� 292: 1 -1992(,
YqW©u0ptYms/og?869691z�

)1[ B� MYxYh: R� G� R©lnm: .� Rsdqm: L� EqddclYm Ymc R� CYr RYqlY: Mnm?.adkffXm .mxnmr Xmc
SnonknfffbXk PtXmstl BnlotsXsffnm: Qdu� Lnc� Ogxr� 79: z972 -1997(, YqW©u09696�z778)bnmc/
lYs�rsq/dk[�

)2[ R� A� AqYux© Ymc .� Xt� J©sYdu: Edqlffnmffb ptXmstl bnlotsXsffnm: .mm� ne Ogxr� 187: 1z9
-1991(, YqW©u0ptYms/og?9992z26�

)3[ K� G� JYtfllYm: Jmns knfffb Xmc snonknfffbXk ptXmstl bnlotsffmf vffsg LXinqXmX edqlffnmr: ©m
”Knfffb Xmc .kfdaqXffb Rsqtbstqdr ffm PtXmstl Bnlotsffmf; : o� 112: BYlaq©cfd Tm©u� Oqdrr
-19z5(, YqW©u0z29z�51z3)ptYms/og[�

)4[ K� G� JYtfllYm Ymc R� I� KnlnmYbn: AqY©c©mf: LYinqYmY edql©nmr: E©anmYbb© oYqs©bkdr Ymc
snonknf©bYk ptYmstl bnlots©mf: PtYmstl Hmenq� Oqnbdrr� z6: 19z -19z7(�

)5[ gssor0??mdvr�l©bqnrnes�bnl?rntqbd?edYstqdr?Y©?l©bqnrnesr/lYinqYmY/z/bg©o/bYqudr/mdv/oYsg/
enq/ptYmstl/bnlots©mf?

)6[ C� .Yrdm ds Yk� -L©bqnrnes PtYmstl(: QnYclYo sn eYtks snkdqYms ptYmstl bnlotsYs©nm tr©mf
snonknf©bYk pta©s YqqYxr: YqW©u01491�z1141)ptYms/og[�

)7[ C� H� O©htk©m ds Yk�: Oqnsnbnk sn ©cdms©ex Y snonknf©bYk rtodqbnmctbs©mf ogYrd ©m Y sgqdd/sdql©mYk
cdu©bd: YqW©u01z92�z11z6)bnmc/lYs�ldr/gYkk[

)8[ L� .fgYdd ds Yk� -L©bqnrnes PtYmstl(: Hm.r/.k gxaq©c cdu©bdr oYrr©mf sgd snonknf©bYk fYo
oqnsnbnk: Ogxr� Qdu� A z96: 134312 -1912(, YqW©u01196�91361)bnmc/lYs�ldr/gYkk[�

z2
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)z9[ R� J� FnxYk: A� Mddsg© R©lnm: Q� R©mfg Ymc R� R©lnm: Fdnldsqx ne sgd fdmdqXkffydc Aknbg
rogdqd enq ptsqffsr: I� Ogxr� .0 LYsg� Sgdnq� 38: z54192 -19z5(, YqW©u0zzzz�3316)ptYms/og[�

)zz[ K� JYtfllYm Ymc G� RYkdtq: Eqdd edqlffnmr Xmc sgd .kdwXmcdq?BnmvXx onkxmnlffXk: Bnll�
LYsg� Ogxr� z3z: 182 -z88z(�

)z1[ E� SnooYm: Effqrs ptXmsffyXsffnm ne aqXffcdc LXinqXmX edqlffnmr: Mtbk� Ogxr� A 879: zz4723
-1911(, YqW©u01192�9z665)gdo/sg[�

)z2[ E� SnooYm:Sgd oXqXrsXsffrsffbr ne aqXffcdc LXinqXmX edqlffnmr: Rb©Onrs Ogxr� Oqnb� z3: 935
-1912(, YqW©u012z1�95582)gdo/sg[�

)z3[ F� Fdms©kd i�: NrrdquXyffnmff rnoqX kd rsXsffrsffbgd ffmsdqldcffd: Mtnun B©ldmsn z6: 382 -z839(�

)z4[ E� SnooYm: Unkffbgdmhn?sxod ldsXrxlldsqx ne aqXffcdc LXinqXmX ptaffsr: I� Ogxr� .0 LYsg�
Sgdnq� 46: 324192 -1913(, YqW©u01395�99765�

)z5[ U� F� JYb: Kffd RtodqXkfdaqXr: .cu� ©m LYsg� 15: 7 -z866(�

)z6[ R� LYi©c: EntmcXsffnmr ne PtXmstl Fqnto Sgdnqx: BYlaq©cfd Tm©udqr©sx Oqdrr: BYlaq©cfd
-z884(�

)z7[ F� Ktrys©f: PtXmstl fqntor Xs qnnsr ne z: Fdnl� Cdc©bYsY 24: 78 -z889(�

)z8[ B� cd Bnmb©m© Ymc U� F� JYb: QdoqdrdmsXsffnmr ne ptXmstl fqntor Xs qnnsr ne z: ©m ”NodqX?
snq .kfdaqXr: TmffsXqx QdoqdrdmsXsffnmr: Dmudknoffmf .kfdaqXr: Xmc HmuXqffXms Sgdnqx;: dc� .�
Bnmmdr ds Yk�: A©qhgjtrdq: o� 36z -1999(�

)19[ O� O� Jtk©rg Ymc M� Xt Qdrgds©hg©m: TmffudqrXk Q?lXsqffw ne sgd ptXmstl rtodqXkfdaqX nro�1⟩z(:
Kdss� LYsg� Ogxr� z7: z32 -z878(�

)1z[ C� Kd©sdr Ymc U� RdqfYmnuY: LdsXrxlldsqx Xmc Unkffbgdmhn XkfdaqXr: Ogxr� Kdss� A 141: 8z
-z889(�

)11[ C� Kd©sdr Ymc U� RdqfYmnuY: Rxlldsqffdr vffcdq sgXm rtodqrxlldsqffdr ©m MnmbnlltsYs©ud
Rsqtbstqdr ©m LYsgdlYs©br Ymc Ogxr©br: R� Ctok©i Ymc I� Vdrr -dcr�(: Oqnb� M.SN .cuYmbdc
QdrdYqbg Vnqhrgno: J©du 1999: Jktvdq: o� z2 -199z(�

)12[ T� M� Hxdq: Unkffbgdmhn .kfdaqXr Xr .kfdaqXr ne Cff’dqdmsffXk NodqXsnqr: I� Mnmk©m� LYsg� Ogxr�
z2 m� z: 23 -1995(�

)13[ C� Kd©sdr: Mdv rfflokd Kffd rtodqXkfdaqXr Xr ptddqffzdc XrrnbffXsffud XkfdaqXr: .cu� Sgdnq� Ymc
LYsg� Ogxr�: 15: 2z78 -1911(, YqW©u01192�958z6)lYsg/og[�

)14[ U� Q©ssdmadqf Ymc C� Vxkdq: FdmdqXkffydc RtodqXkfdaqXr: Mtbk� Ogxr� A z28: z78 -z867(�

)15[ U� Q©ssdmadqf Ymc C� Vxkdq: Rdptdmbdr ne V1 ⊕ V1 fqXcdc Kffd XkfdaqXr Xmc rtodqXkfdaqXr: I�
LYsg� Ogxr� z8: 1z82 -z867(�

z3
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)16[ E� SnooYm: Nm aqXffc rsXsffrsffbr udqrtr oXqXrsXsffrsffbr: I� ne Ogxr0 Bnme� Rdq� 18z1: 9z19zz
-1913(, YqW©u013zz�z315z)gdo/sg[�

)17[ E� SnooYm: I1 · I1?fqXcdc oXqXrsXsffrsffbr ffm ltksffoXqsffbkd ptXmstl GXlffksnmffXmr: I� Ogxr� .0
LYsg� Sgdnq� 43: zz4192 -191z(, YqW©u01997�zz443)gdo/sg[�

)18[ E� SnooYm: HmdptffuXkdms ptXmsffyXsffnmr eqnl fqXcffmfr Xmc I1 ·I1?fqXcdc oXqXanrnmr: I� Ogxr�
.0 LYsg� Sgdnq� 43: 244191 -191z(, YqW©u01z93�98581)gdo/sg[�

)29[ E� SnooYm: Nm sgd cdsdbsXaffkffsx ne oXqXoXqsffbkdr adxnmc anrnmr Xmc edqlffnmr:
YqW©u013zz�z72z2)lYsg/og[, HIFLLO Ybbdosdc oYodq -cn©0 z9�zz31?R91z8776714399319(�

z4


